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FOREWORD

At the 1939 summer meeting of the Society of American Foresters.

held in Milwaukee, Wisconsin, the main subject for discussion was

the Lake States forestry problem. At this meeting two lumbermen

among the speakers presented opposing views on the practicability

of selective logging, each bringing forth his own arguments and

reasons why this system of cutting was or was not practical for his

operation. Such differences are typical of the wide spread con-

troversy among loggers and foresters on this subject..

It is the object of this paper to point the way toward the

proper decision in regards to a system of partial cutting by a.

careful examination of the factors involved.. Although the case

presented here is a theoretical one, based upon a theoretical stand,

every effort has been made to choose data typical or reasonable for t

the Great Lakes area (especially the Upper Peninsula of Michigan)..

Properly chosen artificial data should not detract from the value

of such a report because the varied nature of logging operations

prevents any data from being applied universally. The real value,

then, of any comparative study of liquidation versus selective

logging lies not in the proof that clear cutting is economically

superior (or vice versa) but in the procedure worked up to arrive

at the conclusion (especially in the handling of certain key items

such as fixed costs) and. the statement that one system of cutting

works to advantage for a certain type of stand and under certain

specific conditions and methods of operation...
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1. INTRODUCTION

Through broad and diversified usage, the term selective log-

ging has come to hold a variety of meanings.. In it's strict sense

it refers to a partial cutting of a certain volume per acre-

usually above a specified diameter limit.. In addition, overmature

and inferior trees are removed that will not live until the next

cutting or will interfere with the growth of more vigorous growing

stock.; In this manner it serves as a stand improvement measure

at the same time merchantable value is removed. In this paper the

term selective logging is taken to mean as outlined above and at no

time to include the rather common practice of1 "culling" the woods-

selecting the prime trees and leaving an assortment of cull, in-

ferior, and overmature trees, from which the harvesting of a second

cut is very doubtful.

The high point in the controversy of selective logging versus

a rapid liquidation operation is the old story that production is

cut down and costs are raised.. For example one operator stated,

"We- cannot get good answers to the things we must know before

taking what may be a very costly step.. How will selective logging

affect costs in cutting, road building, hauling, camps, marketing,

and overhead? What are the new risks in fire, windfall, and

damage to Hemlock? What can I be sure of with respect to counter

balancing these with gains in growth, better yield in logs, and
1

longer use of conversion facilities?' This paper attempts to

1. Journal of Forestry. Proceedings, Meeting SAF. October, 1939
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answer some of these questions by studying stands of the type

common to the Lake States and examining the factors concerned

with selective logging. These factors can be subdivided into two

broad-classes; I)value-returns and 2)costs, both of which are sub-

ject to variations with the intensity of cutting. It is the ascer-

tainment of the most favorable combinations of these factors - plus

the economic consideration of fitting the total annual out to the

capacity of conversion facilities, or vice versa - that determines

the cutting limit at which the lumberman is to operate.

One of the most common forest types in the upland old-giowth

forests of the Northern Great-Lakes States is the mixed hardwood

hemlock.. Eastern hemlock (Tsuga canadensis), sugar maple (Acer

saceharum), and yellow birch (Betula lutea) are the main species,

with ash, basswood, elm, and occasionably beech and white pine of

lesser importance. Volumes normally range from 5 to 15 M ft. per

acre. Stand table A (table I) shows the composition of what might

be considered a typical hardwood-hemlock stand (adapted from cruise

data from Iron County Michigan). Lesser species (ash, elm, and

basswood) have been omitted from this table because of their rel-

ative ins ignificance and in order to facilitate computations and

simplify data. The hardwoods follow the same trends in value-returns

and costs per tree diameter class and it is reasonable to assume

that the exclusion of the minor species would have no appreciable

effect upon the results of this study.,

Values must necessarily be computed on a mill tally basis.

Accepted overrun percentages for the Scribner Decimal C log rule

(table III) for hemlock, maple, and birch were applied to the log

scale volume to obtain mill tally volumes.



TABLE I

Stand Table ,A.. Mixed Hardwood-*Hemlock, Upper Michigan.
Scribner Decimal C .Log Rule (Cull eliminated in the cruise)

Maple Birch Hemlock
Volue Volume Volume

:No. 7 Log :Mill :No, : Log -Mill :Nos ,Log : Mill
DBH :Trees : Scale -;Td1ly ;:Trees -:iScale Tally *Trees : Seale -: Tally

10 4.28 132 187
12o 3.78 237 325
14 3.64 364 480
16 3.52 550- 711
18 3.40 755 950
20 2.65 762 938
22 1.82 634 765
24 1.06 401 478
26 .72 326 382
28 .16 87 100
30-t .18 123 14095.21 4371: 5

Cbnibined. Stand Table

2.64
2 *12
2.0 8
2.18
2.*01
1.58-

.80
.84
.20

78 106
93 123
150 194
214 271
360 4417
364 444
227 274
224 262
70 83

5.4 2 108 177
4t*.5 189 294r
4.02 358 527,
2.18: 289 405-9
1.55 308 415_.
.63 167 218
.46 151 192=
.43 169 211
.27 131 161
.29 168 204
. 19.56 2151 2939147 170 220

10 12.34 318
12 10.05 519
14 9.74 872
16 7.88 1053
18 6.96 1423
20 4.86 1293
22 3.08 1012
24 2.33 794
26 1.19 527
28 . 45 255
301 .3 3

59.22 30

470
742

1201
1387
1812
1600
1231
951
626
304

10599
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TABLE II

Stand Table B. Mixed Hardwood-Hemlock, Upper Michigan..

Scribner Decimal C,"Log Rule (Cull eliminated .in the cruise))

:No.
DBH :Trees

Maple
Vdlume

:Log :Till :eNo
: Scale :*Tally : T rees-

Birch
Volume

:Log :ill :No
:Scale -: Tally : Trees

Hemlock
Volume

:Log :Mill
:Scale :Tally

10
J2
14
16
18
20
22
24
26
28
30

2.86
2.52
2.43
2.35
2.27
1.77
1.27
0.71
0.48
0.11
0.12

1.89

65
136
241
367
504
509
423
268
218
58
82

2~B71

92
186
320
474
634
627
512
320
260
67
93

3~5

2.64
2*12
2.08
2.18
2.01
1.58
0.80
0.84
0.20

l~4~5

78 106
93 123

150 194
214 271
360 498
364 445
227 2 T4
224 262
70 083

1~7~0 2,178

3.82
3.75
4.52
4.38
4.52
2.72
1.76
1.45
0.96
0.45
0.2

28.58

116
190
530
657

1060
794
615
484
478
227
198

5,349

190
295
680
920

1430
1032
780
605
587
275
_7,

7,031

Combined Stand Table

10
12
14
16
18
20
22
24
26
28
30

9.32
8.39
9.03
8.91
8.80
6.07
3.83
3.00
1.64
.56

59.92

259
419
921

1238
1924
1603
1265
976
766
285
280

9,936

388
604

1194
1665
2562
2026
1566
1187

930
342
_3

12,794



TABLE III

Percent of~ net overrun, Scribner Decimal C log rule

DBH Maple Birch HemliJock
10 41.8 35.8 64.8
12 37.2 32.6 55.7
14 33.0 29. 6 47.4
16 29.1 26.7 40.2
18 25.7 24. 3 34. 8
20 23.0 22.2 30.1
22 20.8 20.5 26.8
24 19.1. 19.2 24.8
26 17.0 17.7 22.9
28 15.2 16.2 21.2
30 13.6 14.8 19.7



II VALUE RETURN FACTORS

Lumber Values as Affected by species and diameter class.

On the lumber market certain species and high grades are at

a premium. Birch and Maple are both high value species and command

good prices. Hemlock is normally in less demand and producers are

at a disadvantage when they handle this species.

Each log saws out -only a small percentage of the high grade

knot-free lumber that brings top prices. Such lumber is sawn from

the outer circumference of the log and large logs yield a higher

percentage of clear lumber than do the small. Again hemlock is at

a disadvantage, sawing out but little more of the higher grade

lumber at 30 inches than at 10. As the larger trees saw out more

high grade lumber (with the exception of hemlock), it is necessary-

in order to obtain a true picture of the potential value to be de-

rived from a stand- to compute the value per M ft. and the value

per acre for each diameter class.

Lumber prices used in this study (table IV)' were those of late

1941 and 1942. Present-day prices (1947) are definitely not normal

and would give exaggerated values. An examination of prices at

the 1940 level showed them to be little above the late depressiun

years, being almost identical with the 1937 prices. The author

feels that as prices return to normal they should approach those

used here.

l Value returns are expressed as the lumber sale value per
M bd. ft. mill tally of lumber produced..



TABLE IV

Lumber prices, Dullars per M ft. b-mo..
Lumber
Grade Maple Birch Hemlock
FAS 94.00 115.00
SELECTS 79.00 100.00
#1Com 58.00 67.00
#2Com 44.00 46.00
#4COm 26.00 29.00

MERCH 41.50
#3Com 37.50
#4Com 31.75

Accepted lumber--grade returns from the different tree diameters

are entered for each species in columns -A,B,CD, and E of tables

V (a)(b)(c). The weighted value per M per DBH class in column G

was obtained by adding the products of "% of grade times price of

grade". Of special signiricance is the fact that-maple ranges from

$32.12 per M ft. b.m. to *55.77 from the low to the high diameters

and birch ranges from #38.16 to $62.19, while hemlock prices are

practically donstknt at frora $39.58 to *39.69 per M. The value per

acre of all diameters was then obtained by multiplying the mill

tally volume by -the value per M ft. Values per acre for each species

were then entered in columns CD, and E of table VI and added to

get column F. The weighted value per M for trees of each DBH class

for the entire stand was calculated in column G. The hemlock in

this stand and its constant value per diameter class has severely

reduced the effect of the much higher value returns in the upper

diameters of maple and birch.

7



TABLE V(a).

Gradie returns mMapJie w~er DBH class

A B D: E
F.AS_ , .... z~~m...

Prices per Mbm.
#94. 00 79.00 51_.00 44 .0 26. U0

DBH oor Bracies rromn-each Dbh Class

Vol./Ac. .

G. _ h

V 1ue V!ue
rer Per
Mbin Adxe10 Mbxn.

i0
12
.14
16
18
20
22
"4
4.16
28

0.9
2.5
4. 1
5.2
7.5
9.1

l4. 2--

12
2.12

4.2
5.2
6.0
7.1

y.'
9.o2

±.LL2

9.06

1.7.7
20.3
23.1
25.5

29.7
=31.9

±c3.5

±L6 :,o

15.9
15.*7
15.*3

±3.7

.i .5

7 5 .
6y 4

65.4
57.*9
52.8
4+7.7
43.0

380

34.98
31,90
27 0

. 187
.325

.480

.71
. 950

" 47b
3 82

..g00

.140~

§32do 2
34.37
56."82
39o52
42 * 01
44.47

t5.77

17.*70
28.10

41.70

23.45
.Ly.6u
5 ,o.*
7 .bO

Exp.Lanati. on~
G4. bumal ( of gade x price peg=
H. F x G

grade) r'or eachl.DIBH crass.

(1b) Birbch

FA5 S61 #±C(om j-2om #300inMi±±-LoTaJ,.y Value
Prices per M- binVbs../A. Per

0115 ±00 67 46- 29 Mbm M bi
DBH o of grades from eacha Dbha Class

10 1.3
12 3.1
14 4.8

±8 8.3
20-x000

24.L4,v5
26.16.2
2818.1
3020.*0

1.s2
2.1
5.2
4.2
5.2
t).0
7.i'
8.1
9.2

11 0* 2

9.0
13.0
±5.9
±8.0
19.5
20.8
22.4
24.3
26.*6
29.1
31.6

22.*5
19 .4

16.7

±6.9
16.9i6. y
17.0
17 *

66.0
61.9
58,

49.7
45.7
40.9
35.4
X0.2
24. 5
i9 v

32

..±94
.271
.447

S 44
.274
262
.083

$38.16
41.22
44.20
47.16-
49.*87
52s,39
5063

59.07
62.*19

Per
Acre

~4.04
5.*07
8.56

12.75
22.40
23.50

15.50
5.18



TABLE V (continued)

(c) Hemlock

A B -- CC

14erch. #iNOm. #4Cofl. :
Prices Per TbmYb:

#411-0 3050.1.75
DBH of -Gradeafrom each DBH ?1lasa:

F(' Ga
Mill Tally;-Value: VTalue
VolJ Par :A&: Pere M:Per:

-mbm : :Acre

10
la
14
16
18
20
22
24
26
28
30

60.8
60.9
61.0,
61.3
61 *8
62.5
63.1
63.6
64.4
65.0
65.7

35.4
34.6
33.8
32.9
32.1
31.0
30.2
29.4
28.6
27.9
27.1

3.8
4.5
5.2
5.8c
6.1:
6.5
6.7
7.0
7.0
7.1
7.2

.177
.294
.527
.405
..415
.218
.192
.211
.161
.204
.135

439.67
39.66
39.60
39.58
39.56
39.58
39.64b
39.62
39.63
39.67
39.69

#7.00
11.60
20.85
16.00
16.40
8.62
7.60
8..35
6.37
8.10
5.36

TABLE VI

Weighted Average, Values for Entire Stand

A B C D E F
DBHE{No. :Volume :Value Per Acre

:Trees :*:Tally:Maple: Birch:Hemlock: Total

10
12
14
16

20
22

24
26
28
30

14.34
11*05
9.74
7.8$
6.96
4.86
3.08
2.33
1.19
0.45
0.34

62.22

470
742
1204
1387
1812
1600
1231

951
626
304
275

10599

*6.00 #4.04
11.15 =-x.07
17.70 -8.56
28.10 12.75
39.90 22.40
41.70 23.50
35.80 15.21
23.45 15.50
19.60 5.18
5.34 -7 .80-

236.54 112.21

*7.00
11.60
20.85
16 * 00
16.40
8.62
7.60
8 * 35
6.37
8.10

.6
116.25

#17.04
27.82
47.11
56.85
78.70
73.82
58.61
47.30
31.15
13.44

1.16

45 .00

G

:Ave.Value Per M:
:Mill Tally

*36.20
37.60
39.20
41.00
43.40
46.20
47.60
49.70
49.80
44.20 *
47.80 *

Explanation:
A and B. From stand table.
C; D, and E. From table V a,b, ando.
F. Sum of C,D, and E - each DBH-7
G. F /B.
* These values fall because of the higher percent of hemlock in

these classes.

Intensity of Cotting

From table V1, it is evident that higher value returns per M

ft. bm. lie in the upper diameter-classes. The operator that can



c onf ine his cutting to the upper classes will naturally turn out a

product of higher value . Thus a weighted average of the value per;

M cut on an acre varies inversely with the degree of cutting. As

an operator logs further into his lower DBH classes he takes vol-

ume of a lower value and decreases his log-run value returns..

Table- VII was constructed to show the volume- and values per M to

be taken in cutting to various diameter limits. In oolumns ABC,

DE, and F the- woods scale and mill tally rolumes (and their per-

centages-) are computed for cuttings of each diameter and up# Col,

umns G and H show the value and percent in each DBH- class and a-

bove.. From-these figures columnl was developed showing the weight-

ed value per M mill tally for the portion of the -stand above each

diameter. Thus a cut of 22% (of log scale volume) will take 4.31

trees 24 inches and over in DBH, 1.812 M and produce 2.156 M ft. of

lumber valued at 48.80 per M- 48% takes 12.25 trees 20 in. and

up, 4.043 M9 and produce-4.190 M ft. of lumber worth *47.60 per-M;

while a-100% cut takes 62.22 trees 10 in. and up and=8.302 M- which
will produce 10.599 M ft. of lumber valued at *43.80



TABLE VII

Results of cutting tb specified DBH classes

A B Cl D: E F GI H I
DBH:Trees Each:Log Scale VeiM. Tally Vol.:Value Per Acre:VAlue PerM:

: DBH & U Each DBH V&:U:Eah DH & -;BH&U :M..Tlly:
lo.': :Bd. Ft.: $ Bd.:Ft. :; : Dollars :: :D & Up

10.
12
14
16.
18
20
22
24
26
28
30

59.34
46.88
36.83
27.+09
19.21
12.25
7.39
4.31
1.98
.79
.34

loo 8302
78 7984
63 7465
46 6593
32 5540
211 4117
12 2824

7 1812
3 1018
1.3 491
0.5 236

100
96
89
78.5
66
49
34
22

10599
10129

9386-
8186
6799
4987
3387
2156
1205

579
275

100
95
88
77
64
47
32
20

$465.00
447.96
420.14
373.03
316.18
237..48
163.66
105.05

57.75
26.60
13.16

100
96.5
90.5
80
68
51
35
23

$43.80
44.20
44.80
45.60
46.60
47.60
48.25
48.80
48.00

Explantion:
ABC,D,E, and F. Computed from stand table.
Grand H. Computed from table VT (columnF)
I) .G/E.

Composition of. the Stand

It has been previously mentioned that the presence of low value

species such as hemlock have a decided effect in lowering the value

of a cut. It provides a significant comparison to drop the hem-

lock- (which makes up aboutt27% of the stand ) from the ocomputations

of stand A and observe the actual effect upon the values. Follow-

ing identical calcula tions, results -=are obtained in tables VIIIand

IX (which are counterparts of tables VI and VII)

!1



TABLE VIII
%. Value Pe r M=ach DBH.7C la s
DBH<-No. :Volue :Total: VaueOWighte&

:Trees O:Per Ac . P~r Acre o:Average
:Per Ac :M:.Tally: :YVJlue Per

0-

12
14
16
18
20
22
24
26
28
30

6.92
5.90
5.72
5.70
$.41
4.*23
2q622
1.*90

0.192
0.16

018

293
448
674
982

1448
1305
1039
740
465
100
140

*16.04
16.22
26.26
4+0.85
64.75
60.90
51.01
3&.95
24.78

5.*34
7.80

034.35
36.20
38.80
41.60
44.70
46.60
48.20
52.60
53.30
53.40
55.75

TABLE IX

Riesults off Cutting to Specified .DBHI Limits

DBH: Trees Each: Log Scale VolI:Mm. Tally Vdo: Value Per Acre:oValue Per M4:
DBH, AU :ac DB- &Y2Eac DB U:Each DBFI' &AJU :M. Taliy'~

:N"o. Bd. Ft a:%a ;BdFt : : Do.llars : : DBH &,-Up
IQ
12

16
i8-.
20
22
24
26
28
30

39.66 100
32.74 82
26.84 68
21.12 53
15.42 36
10.01 25
5.78 14
3.16 8.
1.26
.34
.18

6087
5877
5547
50j53
4269
3154
2092
1231

606
210
123

100
97
91
83
70
52
34
20

7 634
7341
6893
6219
5237
3789
24+84
14415

705
240
140

100
96
90
80
68
50
33
19

4346. 90
336.86
320.64
294.38
253.53
188.78
127.88
76.87
37.*92

.13.*14
7.80

100
97
-92
85I
73-'
54--
37
22

*45.65
45#9046.60
47..30
48.40
49.70
51.50
53.20
53.80
54.80
55.75

As determined in :.able VI, values per M- range from 36.20 for

10 in. trees to *47.80 for 30 inch trees. When hemlock is dropped

from the calculations, the values range from *34.35 to *55.75 peru
M ft. Outs of 100,48, and 22% bring values of *43.80, 47.50, and

4+8.80 per M' respectively. . Dropping hemlock from the calculation,

cuts off 100, 52, and 20% bring respective values of $4.b,49.70,
and. X53.20 per 14 ft.



To further portray the effect of hemlock in the stand, a

comparison of the value returns. is. computed for stand B (table II)

in which hemlock comprise 54% of the volume.. The results are:

shown in tables X and XI.. Herethe value per M ranges from *37.50

per M for 10 inch trees to 044.20 per:M for 30 inch trees.. Cuts

of 100%, 52%, and 25% bring values of #42.60,,44.60, and 45.50 per.

M respectively. These above illustrated effects of hemlock oni

the values returned fromthe stand are shown graphically.in

figure.I.

TABLE X

V41ue Per:M Each DBH Class

DBH: No.
: Trees
:Pori Ac:

'Volume :Total Value: Weighted
:Per Ac. :Per Acre : Aerage

'M.Tally::° :Value Per

10
12
14
16
18
20
22
24
26
28
30

9.32
8.39
9.03
8.91
8.80
6.07
3.83
3. 00
1*64
0.56
.37

388
604

1194
1665
2562
2026
1466
1187
930
342
330

*14.53
23.15
46.86
67.85

108.05
88.05
70.01
55.15
42.11
14.50
15.60

#37.40
38.30
39.20
41.35
42.20
43.50
44.80
46..45
45.30.
42.40
44.20

TABLE XI

Results of Cutting to Specified DBH Limits
DBH:Trees Each:Log Scale Vol:M. Tally Vol.:Value Per Acre:Value Per

:DBH & U :Each DBH&Up:Each lI & U& : Each _ DBH & Up :M. Tally
:NUo. : o : Bd.9.Ft." : o : Bd. Ft.:: : Dollars ; f. -: DBH & Up

10
12
14
16
18
20
22
24
26
28
30

59.92
50.60
42.21
33.18
24.27
15.47
9.40
5.57
2.57
0.93

.37

100
84
71
55
40
26
16

9.5

9936
967'T
9258
8337
7099
5175
3572
2307
1331
565
280

100
97
93
84
71
52
35
23

12794
12406
11802
10608
8943
6381
4355
2789
1602
672
330

100.
97
92
83
69
50
34
22

$544.86
530.33
507.18
460.32
392.47
284.42
196.37
126.36
71.21
29.10
14.60

100
97
93
84
72
52
36
23

042.60
42.95
43.00
43.60
43.90
44.60
45.1Q
45.50
44.55
43 .35
44,20

/3
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the eases above are shown- gXaphl tally in fi gur I.
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Another factor affecting value returns is the volume distrib-

ution in the DBH-classes.. Greater concentrations of volume (of

the more valuable birch and maple) in the higher diameters will

naturally increase value returns per_ acre as. well as the value per.

M for cuts in the upper-portionHof the stand. Conversely, when

upper classes run heavy'to hemlock, values in these classes fall.

Such a condition exists in -stand B (table II) and this influence can

be seen in table X where the weighted value per M shows a decrease

above 24 inches and in table XI where the value per M decreases for -

cuts above 24 inches.

Growth and itsInfluence on Future Cuts

As a partial cutting presupposes at leasti'a second cut,, it is_

essential to know when this cut can be made and what volume it will

return. Growth data on stands logged selectively are a .necessary

prerequisite to such calculations. Unfortunately such data are

generally lacking and many operators must work with inadequate. and

possibly inaccurate inf ormation. Total net growth in virgin stands.

may be very light, .nil, or even negative; and lacking positive

data on accelerated growth brought about by the opening up of the

stand in selective logging, the tendency has often been to under-

estimate the true growth rate following partial cutting. . In the

absence of growth figures following selective logging, the best

substitute is data supplied by ,growth studies from specially sel-

ected trees in virgin stands. Table XII is made up from such a

study by Frank Murray, made from selected trees in virgin stands for

the express purpose of making growth predictions for the residual

portion of proposed partial cuts in the Upper Peninsula of Mich-

igan.



TABLE XII

Diameter Growth, Inches in Ten Years

DBH :Sugar Maple:Yel-low Birch: Hemlock:

6 1.20 0.70 1.50
8 1.60 - 1.05 1.80

10 1.80 1.30 2.00
12 1.95 1.60 2.15
14 2.00 1.75 2.15
16 2.05 1.80 2.10
18 2.05 1.80 2.00
20 2.00 11.75 1.85
22 1.90 1.65 1.60
24 1.80 1.50 1.40
26 1.75 1.20

-28 1.65

The stands left after outting to the 16, 18, 20, and 22 inch

limits ( only these are considered because they appear to be the

most practicable) respectively are- predicted forward by the Rey-

nolds method of growth prediction. Results are shown in table

XIII a,b,c, and d. . This method entails the prediction forward of

the number of trees per acre. To obtain the volumes in table XIII,

the volume per tree of the original stand was applied to the trees

predicted forward. This is a conservative procedure, in that the

objects of selective logging are to produce a vigorous stand of

well formed healthy trees which should produce much less cull and

more average volum per tree than occurs in the normal virgin

stand. This is, of course, altered by both the amount of cull in

the original stand and the extent to which the stand improvement

aspect is considered in the marking rules of the individual oper--

ator. It is to be noted- that . in this paper - the stand is cut

to a straight ( inflexible) diameter limit. Actually -as selective

logging has been defined- certain trees below that limit may be tak-

en for stand imDrovement measures; especially when cutting in the
1. Murray, Frank; Material from private files. Note: Hemlock was not

included in the original data and is an approximation..
/,2



upper DBU classes. (Some frwoperators ehoose -to-almost Ignore) tW

diameter limit marking rulesa and take trees :tlhe expeienced.imarker

judges cannot remain in the stand iuntil the next out.f) The stand

in this paper was not bandied by- a flexible diameter liailt because

it would be Impossible to eorreotly. estimate., the residual. stand with

out the actual marking (which data is not available to the author).

07



TABLE XIII

Growth Predictions.* (a). Cut 16 Inches and Up
M.ple : Birch #0 Hemlock :, Tot&l

: Residua.l Stand Residual Stand.
DBH:NHo. : Vol,*Log:NToe -:YVOL Log: No". :Vr61.LOg: No.. :V6I#Log

T~rees: Scale : Trees:BSeale : Trees: Seale : Trees: Shale :-

10 4.28
12 3.7&-
14 3.64

11.70
Stand,

104 7
12 2:95
14 2.58
16 3,70
18 3.55
20 0.11

Stand
1 5.12 -3.29

14 2.89
16- 2.58
18 3.59
20 3.55
22 0.22

21.99

..

132 2.64
237 2.12
364 2.08

20 years Hence

186 2.14
258 1.94
577 1.90
787 1.65

2013 10.19
30 Years Hence

78
93

150
32lT

5o*42

4x.02

187
297

73

x0
5.*40
5.04
3.93
4.10
0.52

23.99

18
189

Stand 20
100
248
449
520

Stand 30

230
446
666-

'816,
1-50
162

w

12.~34 470
10.05 742

9.74 1201:

Years Heonce

10.49 528
9.56 847
9.53.,.31284
9.30 18294

52«45_5070
Years Hence
13.34 356
10.38 529

9.853 874
9.50 12569.61 1952
9:36 2664-

.. .....

182
207
289
403
796

1234

2.57 76-
2.*09 92
1.94 139
1.90 187
1.89 340
1.4+7 280

zi7 3 liT4

-4.90

5.00
5.02
4.13
4.34
0 *48



TABLE XIII (continued)

(b:) Out I8= inches and Up

" M ple s: BIirch s' Hemlock : Total
:Residual Stand Residual Stand::

DBiH- :No. , :Vo1.LobgtN0. :Vo2L.LoS:Nb. ":VoTa1JLog:NRo.. : Ve 1Lo8:
:Trees :Scale T reasi~ogle. s reestBoale s:Trees6oale

10 4.28 132 2.64 78 5.42 108 12.34 318
12 3.78 237 2.12 93, 4.15 189 10.05 519
14 3.64 364 2..08-. 150 4.02 ' 358 9.74 872
16 3*2 550 2.8 214 2.18 289, 00-7 8 

5 2 *2 3 57"Q4123

Stand 20 Years Hence

10 5.38 167 2 ..6. 75_. 5.0o0 100 12.94 342
12 2.95 186 2.14"a 94 5.40 248 10.4F9 528
14 2.58 258 1;.94 140 5.04 449 9.56 847
16 3.70 577 11.92: 189 3.93 520 9.55 1286
18 3.55 787 2.A4, 367 4.10 810_ 9.69 1964
20 3.41 1200 1;771 336 2.60 687 7.7,8 2223
222- 0.22 77 0.22

21.79 3252 12.37 10 23.07 2$lT# 60*23- 27
Stand 30 Years Hence--

1Q 5.87 1.82 2.57 76. 4.90 98 13.34 35612 3.29 207 2.09 92 5.00 230 10.38 529
14 - 2.89 289 1.94 139 5.902 446 9.85 87A'
16 2«58 403 1.90 187, 5.02 666 9.50 1256
18 3.59 796-. 1.93 346 4.13 816 9.65 1958
20 3.35 1234 2.A2 353 4.48 1180 9.85 2797j
2 ! 3.42 1200 1.59 449 2.42 792 7.43 2441-.
24 0.11 42011 2

25.10 433 12 1 7 30.97., 427 70.11 10253_.



TABLE XiIi (continuied)

C) 0t Ct 20 incrhes and Up

::Maple ::. Birch : - Hemlock : Total 4
:Residual. Stand Reliacaal Stiand,

v:Treed a Scale a:.Trees:Scale a:Txree8:s oale9:iTreeeS cSal e s

1,

is.

4.28
3.78
3-o 64

3.40

132
237
364
550

2.64

2.08
2 9 18
2.01

11903

78
93

150
214

5.42
4.15
4.02
2.18

17.32

108
189
358
289
30

12 52

12.34
10.*05

9.o74'1
7.88
6. 96

94697

318
519
872

1053

Stand 10 Years Hence

10-
12-
14-,
16
18
20
22

4.80
3.o64
3.70
3.64
3.40
3042
0.10

22.70

149
238
370
268
750

1200

3310

2959 76 5.40 108 12.79
2.14 94 5.42 249 11.20
1.95 140 3.86 342 9.5).
2.05 201 3.99 532 9.68
2.06 370 2. 39 4+72 7.85
1.81 34+4 1. 66 438 6.89

____ ___ 0.10
12.60 125 22.72 2142 58.02

333
581-
852

1301
1592-
1982

35

Otani. 20 Years Hence

10
12
14
16

22
24

5.3~8
2095
2058

3.70
3055

3, 41
3.52
0.09

167
186
250
577
787

1200
1230

44

2.56 75 5. 00
2.14 94 5.40
1.94 140 5.04E
1.92 189 3.93
2.06 370 4.10
2.03 386 2.70
1.63 460 1.55

14.2 1 714 27.7 2

3200 12.94
248 10.49
449 9.56
520 9.55
810 9.71.
712 8:14
510 6.70-.

33+9 671

342
528
839

1286,
1967
2298
2200

0 D



TABLE MITI (continued)

(d)j 0Ct 22 inches and. Up

: mple Brch :: Hemlock ?: Tbtg~l
:*Resaidudal Stand Re s idual Stand:~
Trees: Seale :'Trees:Scale : Trees: Scale : Trees:; Scale

10
12

14"
16
18
20

4.28
3.78
3.64
3.*52
3.40
2.65

21.27

132
237
364
550
755

2.64
2.12
2.08
2,18
2.01

12*.61

78
93

150
214
360
300

1195

5.*42
4.15
4.02
2.18 5

0.63
17.95

18 9
358
289
308

12.34
10.05
9.74
7.88.
6.96
4.86-

51.83

318
519
82

1052
1423

St&nd 10 Years Hence

10
12
14'
16
18
20
22

4.80
3.64
3.70
3.64
3.*40
3.o42
2.75

25.35

149
238
370
568
750

1200
964'!

2.59
2.14
1.95
2.05
2.06
2.00

76
94

140
201
370
380

443

5..40
5.42
3.86
3 *99
2.39
14*0
0.59

23.35

108
249
342
532
472
448
194

23+5

12.7 9
11.*20

9#51
9.68
7.84
79 12

333
581-
852

1301
1592
2028

Stand 20 Years Hence

10
12
14
16
18
20
22
24

2.*95
2.*58
3.70
3.55
3.41
4.64

2B7 6

167
186
258
577
787

1200
1620

5750

2.56
2.14
1.94
1.*92
2 *06
2009
2.00

75 5.00
94 5.40

140 5.04
189 3.93
370 4.10
3971 2.71
566 1.80
306 _o.E #

2137 297o45

100,
248
449
520
810
714
592

12.94
10.49
9.56
9.55
94*1
8.21
8 *4"4-
4025

73.15

342
528
857

1286
1967
2311
2778-
1446

11545.

Table XIII shows the following infformation n reggrds to cut-
tings off diffferent intensity;

16" limit a Residual stand returns to. original volume in slightly

over '30 yrs.,, which is a net growth off 246 ._bd. ,fft. .peri'acre per yr#

18"~ limit . Residual stand returns to original volume in slightly

over 20 yrs, which is net growth off 225 bd. -ft. per,acre per- yr.

20" limitw Residual stand returns to original volume in slightly
over 15 yrs, which is a net growth off 255 bd.tft. per acre per-- yr.



22" limit - Residual stand returns to original volume in 0 yrs..

which is a net (periodic) growth of 283 bd. ft. per acre per year..

Since any growth predictionrvis only a meoehaizical procedure-

attempting to simulate the actual growth of a stand:, it is obvious

that the stand tables in table XIII are- merelyapproximations..

They are,, however, of cons iderable value in thatt they indicate& the

approximate period of time it takes for the stand to return to its

original volume. It is to be noted that the proportion of hemlock

in the stand has increased.. In this particular stand the reasons

lie largely in the fact that this species is more heavily[ concen-

trated in the lower diameter classes; thus cutting to a straight:

diameter limit serves to increase the percent of hemlock in the

residual stand (compare total volumes each species, table I and

volume each species in the residual stand table XIII).. This is

a problem of theindividual stand only and the situation might be

reversed in stands of different composition. In a stand of this

type, the solution to this problem can be found in establishing

differential marking rules for each species in order to favor the

more valuable species in the make-up of the residual stand(and second

cut).

The important question now is the determination of values re-

turned from future cuts.. Normally the value of the stand (at the

end of the above . prescribed periods) will be equal to or greater

than the values returned from the original stand. Although the ina-

crease in hemlock in the above illustration (table XIII) will tend

to lower the average value per MT. the increase in volume(and value)

brought about by better growing stock and less cull should serve to

counter such a loss.. Better yet, if hemlock were cut to a limit

only one class lower than the rest of the stand, the second eut would



be definitely ,of higher value..

Assuming the second cut to be equal in value to the first,

values returned from an acre of timberland are as follows:

DBH Limit Now 10 Yrs. 15; Yrs. 20 Yrs. 30 Yr ..
10 $465.00 .--- --- -- ---
16 373.03 ;- - 373..0318- 316.18 --- --- 316.18 ---
20 237.48 .-- 237.48 ---- 237.48
22 163.66 #163.66 --- 163.66 163.66

The Size of the Operation and the Total Values

Below is an analysis of the different cuttings in _relation to

the size of the area necessary to sustain them.

Cutting 1,800 acres yearly
DBH Limit Yield (Mill Tally) Area Required Yrs

10 10,599 Bd. Ft. Per Ac. 54,000 Ad. to cut for 30 -

16- 8,186 54,000:AO.to cut forever
18 6.799 36,000 Ad.
20 4,987 27,000 Ac.
22 3,387 18,000 Ac.

Many lumbermen who are at present operating on a liquidation basis

feel they cannot afford to cut production. The number of acres re-

quired to produce a constant production of 20,000 M"'annually, (Mill

Tally) areas follows:

DBH Limit Ac. Per Yr. Area Required
10 1,87U 56,000 Ac. to cut for 30 yrs.

16 2,450 75,5-U Ae. to cut forever
18 2,950 59,000
20 4,080 61,000
22 6,100 61,Q00

9J3



III COST FACTORS

Cost computations are perhaps the single most important tool

available to the timber producer. With correct interpretation

and breakdown of his costs the logger can have at hand a useful

and essential evaluation of his business.

In the lumber industry (especially) a large number of factors,

many of which are particularly variable and hard to evaluate, play

upon cost determination. It is necessary, they, that the various

cost elements be properly classified. Such a classification is as

follows:

Class A. Direct costs. These are variable per M, usually

with tree size, and include activities connected with the

handling of timber.

Class B. Fixed per M.

Class C. Fixed per acre or fixed in total.

Costs are never the same for any two operations because of the

varied nature of stand composition, equipment, logging chance, and

logging methods. Costs that follow will apply only to the operation

for which they are computed. However, the procedures are generally

applicable to any similar operation.

Direct Logging Costs

Felling and bucking. Although the piece-rate system of pay-

ment for felling and bucking has begun to fall into disfavor , this

system is still a widespread practice in the Northern Lake States.

In table XIV (a), (b), and (c), stand data for the three species

is worked up into the number of lineal feet per M (column C) and

the cost of producing one M ft. was obtained for each DBH (column



Lfor
F) on the basis of payment at the rate of 0.3per.lineal-. ftOirch

and maple and # '.O3 Tor hemlock. The inequities of the piece-rate

system are plainly evident in column F. Of course these costs wl1L

average out to a log-run -figure per M that- may be entirely equitable

in itbelf; but when partial cuttings are made, cuttdrs stand to

lose and are prone to resent any change that will prevent them from

making the high wages that go with cutting small trees. Hourly

wages have been considered to be a more fair method of payment. Al-

though it requires more time and labor to cut the smaller trees, the

range in costs for the different diameters is not as great as under

the piece.-rate system. Payment on the basis of volume produced serves

the part of stabaiizing costs for the operator, but penalizes the

worker in the lower diameter limits.

It is to be noted that the cost per M of felling. and bucking

f or each size class is directly related to the number of logs and

volume per tree. Under seldctive logging the reduction of cull and

improved quality of growing stock should result in an appreciable

reduction of costs in the second cut.



TABLE XIV

Cost of felling and bucking

(a-) Maple A -:
:DBH *:Vol u-me: Me-rch-,,.Per Tree : Length

:Log Scale: Per Tree

10. 31 16
12 63 23
14 100 26
16 156. 31
18 222 3220 288 35
22 348 32
24 378 30
26 452 30
28 542 31

30 682 35*

*,

0

C_
Lineal

PerMN

518
364
260
198
144
121
92
79
66
57
51

"

"
"

No.1 6 ftis
Los
Per Tree:

1
1.43
1.*62
14 93
2 * 00
2i*18
21*00

1.87
1.87:
I * 93
2.*18

E
No. 16
Logo,
Per M

32.*2
22.*7
16.2
12.*4
9.0
7.6

5.8
50
4.1
3.6
3.1

F
f t %Fe113&Buck

:Cost PenN:
:Log Scale

18010
12.70

9.10.
6.*92
5.*04
4.*23
3.*22
2.76
2.*31
1.*99
1.*79

(b) Birch
DBH

10
12
14
16
18
20
22
24
26
28
30

29
.44
72
98

180
230
284
267
335

16
18
19
20
26
28
28
20
20

550
410
264
204
145
122
99
75
60

1
1.*12
1.*19
1.*25
1059
1.70
1.65
1.25
1.25

34.6
2505
16.5-
1208
9.0
7.6
6.2
4.7
3.7

19.22
14. 32
9025
7.13
5.07
4.27
3.46
2.65
2.10

Explanation:*
A. From stand table, Volume-/No. trees.
B. Compare A with volume table and interpolate to height.
C. Solve for x in: B:A : x: one M bd. f t.
D. B/16 ft.
E.. Solve for x in: D:A : x: one M bd. ft.
F. Oxpie ce-rate

fl $



TABLE XIV (Continued)

(c) Hemlock
DBH 4

10
12
14
16
18
20
22
24
26
28
30

20
46.
89

133
198
265
329
394
485
580
710

B

12
17
24
30
34
39
41
41
41
41
41

C-

600
370
269
225
172
147
125
104
85
71
58

D

075
1. * 06
1.50
1.87
2.12
2.44
2.56
2.54
2.56
2.56
2.56

E

37*4

16.9
14.1
10.7
9.2
7.8
6.5
5.3
4.4
3.6

F

18.00
11.10
8.06
6.75
5.16
4.40
3.74
3.12
2.55
2.13
1.74

(d) Total cost all species

DBH Weighted Coat Per
M Log Scale

10 . 18.30
12 12.40
14 8.70
16 6.91
18 5.10
20 4.24
22 3.40
24 2.82
26 2.34
28 2.08
30 1.79

Skidding. Logs are ground skidded to landings by 35- H.1P. winch.

equiped caterpillar tractors; one swamper working with each tractor..

The tractor machine rate is listed below.

Owners hip .dost
Depreciation over 10.,000 hrs.
Interest ,taxes ,insurance,storageetc.

Direct Operating Costs
Fuel ,lube , grease, service andma intenance
labor, and repairs

Direct Labor Cost
Driver and swamper

Hourly rate

#0.40
.11

.74

1.30
$2.55 Per hour

or 0.0426 Per:mnin.

In the absence of actual time study data it is necessary to

use average data or that computed (and adjusted) from other studies.

A7



The author does not feel that the use of such data will impair the

value of this study because! logging costs can vary- so greatly un-

der various circumstances. The cost data, used here appear reason-

able for this area and as long as -such is the case, :they serve their

purpose in presenting the effect of tree size upon the logging op-

eration.

Tractor loads are subject to great- variation- depending first

on log size and after that on equipment and methods -andeffeienay

of logging. .For example one cfew may follow different systems of

bunching and load heavier than another. There is always a tendency

to underload the smaller logs because of the difficulty in acquir-

ing a full load.. Some tractors may operate with only two tongs or

with no winch.. Horses usually skid only one log at a time. All

of these factors may combine to alter the -cost differential between

DBH classes, increasing - or decreasing as the case may be - the

cost of logging small trees.

In column A of table XV is the average load hauled by a winches

equiped 35 horse power tractor with four tongs.. This data is adapt-

ed from time studies made on 25 horse power tractors in. the Upper
1b

Penunsula of Michigan by W.$. Bromely of the University of Michigan.

Itwas necessary to adjust the data to fit the larger tractors. This=-

table adjusts the load from a log size (top Dib) basis to a-tree!

size basis. Table XVI was constructed to show the variable cost per,

Mft.per 100 ft. of skidding distance, based on an estimate- by the

Gaterpillar Tractor Company that 0.85 minutes is a reasonable ave..

rage to haul and return 100 ft. of skidding distance (use of second

1. Bromely, W.S.Ground Skidding with a D-2 Tractor compared with
the Average Team on an Operation in Northern Michigan.. Mimeo-
graphed, 1941. Tables 4 and 9.



gear on the haul and third gear on. return) . Each DBH class retains-

this cost relationship (column E tale XVI Aa)) as along as -the acid-

ding distance is constant. However, it has .been determined- that -

to obtain minimum costs road spacing, (and consequently skid4ing

distance) should vary as different volumes. are- out per acre:- The--

variable skidding costs are thius computed. not for each D1H class,

but for the volumaes cut at the limits of each DMi and. up. -This

computation is partially completed in column G of table XVI (a) and

completed in column i after the correct skidding distance has been

obtained in the section on. road costs.

TABLE XV

Average load, 35 H.P. tractor.

A B C 17E R -'GHi
: al :Birch :Hemlock

Top: No.l6 :DBH:Ave.Top:NO.l6 Ae.Top--:No.1 :Ave. Top:'No. 16'
D ib :Logs : :Dib ,Log: Logs -:Dib ,Loy:Logs : Di b ,Logs oLogs,
log;:Hauled ::eachDBH:Hauled : eachDBH :Hauled : eaczi- DB: Hauled.

83 4.0 10 8.0 40 8.0 4.0 8.0 4.0-
10 3.6 12 9.4 3+7 9.8 3.-6 10.0 3.6
12 3.1 14 11.2 3.3 11.7 3.2 11.3 3.3
14, 2.5 16 13.0-2.8 13.6 2.5 13.0 2*8k.
16 1.9 18 15.O 2.1l 15.2 2.2 14.8 2.2
18 1.5 20 17.0 1.*7 17.2 1.8 16.7 1.68.
20 1.1 22 19.0 1.3 19.2 1.3 18.4 1* 4t
22 1.0o 24 21.0 1..1 21.5 1.0 20.3 1.1
24 1.07 26 23.1 1.0 23.6 1.0 22. 10
26 1.0 28 25.0 1.0- - 24.3 1.Ob.
28 1.0 30 27.0 1.0 - 26.3 1.0

Explanati on:-
A. Adapted from Dromely' s publication.
OiE- &G. Computed from tableXIV, column D on basis of a 2 inch

taper per 16 ft. o g
D,F,&H. Computed from column A.



TABLE XVI

Variable Skidding Costs

(a) Cost per M per 100 ft. of skid distanceF*
A B C D E FG H I

:.al : Bi rch: aloe

DBH Volume :No, : VarCost:YVblume: No. ;:VarCbst: Volumes:No. ,:-V r.Cost:*
: Per :Turns: Perl4 -M: P"r :Turns; Per M : Pr : Turns:Per M :
:Turn :Per M: P~rl00' :Turn d:Pewr M: Per100' :T urn : pe r M:NPr 1lee't:

10 124 8.05 $0.x291 116 8.62 *Q.312 106 9~.45 *0.342
12 163 6.15 .222 140 7.15 .258 156 6.40 ,232
14 203 4.93 .178 193 5.18 .188 186 5.10 .185
16 226 4.42 .160 196 5.11 .185 199 5.03 .182
187; 230 4.36 .158 237 4.22 .153 214 4.90 .177
20 224 4.46 .161 244 4.10 .149 196 5.10 .185
22 226 4.42 .160 259 3.86 .140 180 5-i56 .201
24 223 4.49 .162 235 4.25 .154 170 5.6i7 .211
26 243 4.10 .148 268 3.73 .135 190 5.27 .0190
28
30

282
314

3.*55
3.*18

*126
.115

226
- 277

4.42
3 *61

.160
.130

Expla nat ion:
A, D,&G. Vol. per
B,E,&F. 1~ ft.+

C,F,&I. ($0.0426

tree ; l ogo per tree s:o
A D, &G.
x 0.85 nan.) ©*. 0362 per

x : #logs per turn.

turn x B,E,&H.

(b) Cost per M for total skid distance.
A B C D E

DBH : Total Cos t:Cost Per : Cost Pe r M o:A'Ve. Skid oVar.. Skid
:per M *Acre Per : Per 100't :Distance in;:GoSt Pe'rM
:Per 100' :1001 DBH&up:mDBH & up :100' Sta., ;:DBH & up

:DBH &up :0

M

"

"

10
12
14
16

18
20
22
24
26
28
30

0. 0311
.233
4183
.171
.160
.162
.162
.166
.155-
.147
. 122

O1.439
1.*34
1.*22
1.606
0.*88

*651
.4+43
*280
.14f8
.067
.029

X8. 173
.168
e163
.161
.159
.158
.157
.155
.146
.136
,122

2.57
2.*66
2.80
3.*01
3.*30
3.*82
4.62
5.78

#0,.442
.444

,484
.526
.603
.725
"395

Explanation:
A. Weighted average of all species (sum ofocost per M x vol. per sac.

each species) / total vol. per ac. each DBH.B. Cost per M x vol. per ac, each species added &or each DBH and up.C. B / total vol. per acre each DBH and up.
D. Average skidding distance; developed in section on road costs.
E. CxD.
Note: Volumes are log scale.



The actual hauling of the logs is classified as variable skidding

time, while the hooking, unhooking, and delay times are classed as fix-'

ed.. Fixed time also varies with tree or log size, as it takes more

time to assemble a load of small logs than it does a load of large.

Fixed skidding costs are computed:. in table XVII (basic data ut _eol-

umnn A is adapted from the same s-ource as the data in precoeding table).

Fixed costs for stationary and slow moving machinery are charged at

the same machine rate whether standing still or moving.. The operat-

ing casts may fall slightly, but the reduction proves to be practic-

ally negligible.-

TABLE XVII

Fixed Skidding Costs

A? B-Cc D
DBH :Fixed Time tAverage No. :Fixed Time :Fixed Cost :

:Per Turn :Turns Per M : P~r- M :Per K
:Minutes :Minutes :Log Scale :

10 6.8 8.56 58.2 #2.45

12 6.2 6.40 39.7 1.69
14 5.7 5.0 28.5 1.22
16 4..6 4.72 2177o"93
18 3.7 4.24 15,.7 .67
20 360 4.68 14.0 .60
22 2.5 4.46 11.1 47
24 2.3 5.1 11.7 .49
26 2.1 4.3 9.*0 .38
28 2.01 4.11 8. 6 .36

30 2.1 3.4 7.1 .30

Explanation:
A. Adapted from. basic data.
B. Computed from table XVI .
C. Adapted from basic data.
D. C x *0.426 per minute.

.Y1/



vantageous to quick loading. If it is necessary to do this short

yarding during the actual loading the time of loading is, of course,

increased and truck standing time adds a cost to the yarding;- whereas,

if the truck is not present loader time is the only cost chargeable

to yarding the logs into position.. The control of the above-ment-

ioned factors is largely a matter of planning. When hauling all

size classes the fixed time is practically constant as an average

for-the stand.. Breaking down this data.for each DBH class would

present inaccurate results because of the omission ot the element..

of planning, which would change truck schedules for different load-

ing times. Thus, the fixed time between luaus is es imate rT oe

12 minutes between each load~for all size classes.

Unloading costs are constant per load. The truck turn around

and standing time of 5 minutes sets the cost.

Loading costs are compiled for loading on li ton light (Ford

or Chevrolet) trucks at 0.8 minutes per log in table XVIII.

TABLE XVIII

Loading Cost
A B - C -- E 1a

DBH:Logs :Logs :Volume :Load Time:TruckCost:Loader :Total Cost::
:Per M:Per Load:Per Load:One Load :Per M- :Cost PerM:Per M

10 34.5 30 870 24 *0.77 $1.36 #2.13
12 23.4 26 1100 20.7 .54 0.98 1.52
14 16.5 22 1340 17.6 .39 .73 1.12
16 .12.9 18 1400 14.4 .32 .62 0.94
18 9.5 15 1580 12.0 .25 .50 .-75
20 8.0 12.6 1580 10.0 .22 .46 .68
22 6.1 10.7 1760 8.55 .18 .38 .56

24 5.2 9.8 1840 17.85 .17 -35 .52
26 4"4 9.0 2050 7.2 .14 .. 31 .45
28 4.1 '8.5 2070 6.8 .13 ..30 .43

30 3.4 8.0 2350 6.4 .11 .26..37
Explanation: 4

A. Cbmputed from table XIV, columns E.

B.Based on reasonable estimates.
C. From columns A and B.
D. Computed at rate of 0.8 minutes per log.
E. D plus load & unload time x fixed truck rate of *0.0233 / Load
F. D plus 12 minutes x machine rate of *0.033 / Load

G. E plus F.



Lbading and unloading.. Logs are loaded by semi-portable "A"

frame jammers:powered by gasoline engines and manned by -athree

man crew. Landings are picked from open spots innthe woods and

construction costs are negligible- (in..line with common practice in

the region).. The machine rate is as follows:
Hourly rate

Ownership Cost
Depreciation,etc. (10,000 hrs. 40.831

Direct Operating Costs
Fuel,oil, grease, etc. .30

Cable, rigging, and repairs .15
Direct Labor Cost

Three operators 1.a
$1.96 Per hour

or 10.033I per min.

It is necessary to assume that an operation is so planned and

coordinated that skidding progresses at a rate suffecient to keep

the loader supplied with logs and - that trucks are available for load-

ing at proper -intervals -so that an undue amount of idle time is not

charged to the. loading operation..

The elements of loading cost are 1) fixed loader time between

loads when logs are yarded closer to the jammer, 2) variable time

which involves the actual loading of logs (it takes approximately

the same time to load a large log as a small, thus variable time is

contingent upon the number of logs of each size a truck can haul),

and 3) the truck standing time during (and sometimes waiting for)

the process of loading..

On a well planned smooth running operation the trucks should

move right in and right out with their load and there' should be littl9,

if any, stand-still time other than that involved in the actual load-

ing of the logs. Fixed jammer time per load (between loads) is de-

pendent upon the interval between trucks and/or upon the amount of

yarding or bunching required to ready the logs for effecient loading..

Tractors quite often drop their loads at positions not wholly ad-

'33



Hauling. Timber is hauled to the mill on l ton light trucks..

The trucks take the following route out of the woodes: Out second-

ary branch roads (average haul of one mile) to the main haul road

for an average haul of six miles . thence onto a county highway and

to the mill in twelve miles. Trucks can make the following average

round trip speedes Secondary roads 7mph-i .main haul roads 10 mph,,

and highways 25 mph.

The truck machine rate .is as follows:

Fixed Cost Hourly rate
Depreciation '(over 5,000 hrs.)

(net einvestment less trade in #900) $O.18
Interest, license, insuranee,storage,etc. .62
Driver's wages- .60
Total Fixed Cost .ITAO per hour

or 0..0233 per min.
Operating Cbst

Tires ($350 for 1,000 hrs.) $0.35
Repairs, grease, maintenance, etc. .10
Gas and oil
Total Operating Cast 0.95 per hour

Total Hauling Cost #2.35 per hour
Fuel costs are sometimes considered as a separate item independent

of the machine rate on the contention that they are not constant

per hour at different speeds. However they are near enough to be

considered so for practical purposes.-

Hauling costs are computed in table XIX by the following form-

ular Haul cost per M per mile of haul - 2 x Hourly haul cost plus
Round trip speed x load

Fixed time per load x Hourly fixed cost
LOAD

The fixed (truck standing time) per load can vary greatly, on

different operations with individual drivers and the supervision.

A portion of this time has already been figured into loading cost.

Drivers may stop to talk and smoke and trucks must be serviced at

frequent intervals (often during the working day) and are periodic-

ally laid up for tire changing, minor repairs, and adjustments.



This time, although not occurring, on every load, should average

out to about five minutes pe-r Icdoa(Major repairs , of course, are

not chargeable against fixed time*
TABLE XIX

Haul ing Cost.

A B C" D E
DBH:WMood Roads: Main Roads: Highways: Total op: Fixed Coe

:HO Per m :HO Per K : HO,-Per M:Obs t ,Per: Per M

:Per Mile :Per Mile : Pr Mile:M0

10
12
14
16
18
20
22
24
26
28
30

*0,77
.61
0.50
.48
.424T
#424
*382
" 3 64
*326
.323
o285

#0.54
.428
.35
".336
.298
.298
.267
.256
"229
.227
.200

$*217
.171
.140
*134
*119
.119
.107

.102
'0092
.091
ow-

*6.61
5.23
4.28
4.11
3..62
3.63
3.26
3.1.2
-2.*80
2.77
2.#44

*0.133
.106
..087r
«08 3.
.070u
.070
.066
.063
.057
.056
.049

F
t:Total Cost:
:Per M

*6,*74
5.34
4. 37
4.19
3.70
3.70

} 3.33
3.18
2 *-86
2*83
2.49

A. 2 x 2.35/7 x load.
B. 2 x 20.5 / 10 x load.
C. 2 x 2*.35 / 25 x load.
D. A plus (B x 6) plus (CCx 12).
E..5 xuin. x g0 .0233 / Load.
F' D Plus E.
Volumes are log scale.



LoggIRE Costs F3;x aPr M
Woods supervision and general. woods expensne. General woods

expense and supervision are often calculated on.a per acre basis.

This procedure is perfectly correct when applied to a given set of

conditions; ;however, when considering several plans involving diff-

erent cuts, a particular area-volume&#cost relationship does not

hold true. If the volume per acre cut is reduced by 50% the com-

pany has at least two choices of plans; 1) to continue cutting the

same acreage,,taking a reduction in production or 2) to increase

the cutting area so as to keep production at the same level.. When

production is curtailed the scope of woods operations is reduced

in like manner.. Camps are smaller, crews are smaller, less trucks

and tractors are needed as well as grease monkeys, mechanics, and.

storage facilities,.and certain personnil can be eliminated . With

the reduction in woods activities goes, naturally, a reduction in

the items of supervision and woods expense. These costs aresmore

directly related to the rate of production than to the acreage cut

and it follows that they should be charged against production.

These costs are constant at #2.00 per M.

Logging Costs fixed Per Are- or in Total.

Fixed per:;acre costs are a definite controlLing Factor in sel-
that has

ective logging and it-is the evaluation of these costs/created such

a controversy .on the merits of a partial cut. These costs may take

on an entirely different nature in a selective logging or sustained

yield operation than under a plan of forest liquidation; and it

is necessary to examine them very closelt in order to determine

their application under the altered conditions brought about by

logging selectively.,



Road cost. One mile of main haul road taps 2,570 acres. At a

cost of *800 per mile the fixed per -acre charge is #0.312. This is

a constanti cost per acre regardless of the -volume cut.. Secondary

roads, however, on properly planned operations do not incurr the

same charge per acre for cuts of different intensity.. Professor
1

D.M. Matthews, in his work on minimum costs has proven that by

balancing skidding costs- against road costs a minimum for the two

in combination can be ootained., Thin bAlance is obtained by shift-

ing the road spacing with different skiding costs and volume: per

acre cuL. . Tarue XIX is worked out for tne volumes cut at each

DBH and up by the road spacing formula as rollows:

S _ =J5.1__r. where: _ Road spacing in 100 ft. stations
VCr _ Road cost in 100 ft. stations

or #400 per -mile / 528- _ 7.57
V - Volume cut pe r acre
C_ Variable skid cost per M per 100'

15.1 - Constant factor to convert road
costs to a per acre basis

Cost of roads per M : 4.365 r / VS

The spacing of landings influences skidding dictances in that, as

the spacing is increased tractors have a longer diagonal haul, in-

creasing the average skidding distance. Landings will be placed

at intervals egual to approximately one half the road spacing.

Since landings are spotted at open places in the woods with no for-

mal attempt at special construction, this distance will vary.. It

does, however, establish a standard by which landing placement can

oe guided.. Road contruction crews should be instructed of this

and in their process of moving trees, filling and cutting they can

often open up good landing locations without extra cost. Jammers

1. Mattbe ws, D.M. Cost Control in the Logging Industry. Mc Gnaw.
Hill, 1942. Pg. 121.
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can be moved at very slight coast by incoming trucks which mist go

that direction anyway. With landings spaced as indicated above

the average skidding distance is 0.289 x road spacing.

TABLE XX

Secondary Road Spacing and Cost.

A a- C D E F G

DBH: Volume: Var Skid: Volume:Rd.Space:Secondary :Total Rd.:Ave.Skid :
:Per Ac:Cost Per:x Cost:100 fg. :Rd..Cost :Cst Per :Distance :
:DBH&up:M Per100' (VC):Stations:Per Ac D&up:Ao:.D & up:100' Sta.:

10 8,302 00.173 *1.44 8.9 43.70 44.01 2.57
12 7,984 ..168 1.34 9.2 3.58 3.$9 2.66
14 7,465 .. 163 1.22 9.7 3.40 3.71 2..80
16,. 6,593 ,..161 1.06 10.4 3.17 3.48 3.01
18 5,540 .159 0.88 11.4 2.90 3.21 3.30
20 4,117 .158 .65 13.2 2.50 2..81 3.82
22 2,824 .157 .44 16.0 2.06 2.37 4.62
24 1,812 .155 .28 20.0 1.65 1.96 5.78
26 1,018 .146 .15
28 491 .136 .07
30 296 .122 .03

Explanation:
A.. Table VII
B.. Table XVI
C. A x B
D.. 15.1 r / VC

E. 4.356r / D
F.. E plus main haul road cost per acre ($0.312)
G.. 0.289 xroad spacing..This column is for use in computing skid

costs in table XVI.
Note: Volumes are log scale.

Now suppose road spacing had not been changed. At the 20 inch limit

the cost of skidding per M would be *0.409 instead of .603, a saving

of 0.20 per M. The cost of roads, however, would be Oo.956 per M

instead of 0.657, an extra expence of 40.30..

Logging Camps. Camp construction is charged off on an acreage

basis,.the common type camp in this area costing about #3.00 per

acre. Since camp location and spacing are usually determined on-an

area basis, according to the individual company's judgement of the



area one camp can economically best serve, this method of cost ap-

praisal is correct. Camp costs will be charged that way in this

x4er.. However, it is the personal belief of the author that with

the rapid transportation of present day truck- haul logging, woods

crews can be transported far enough from camp so that one camp pro-

ducing 60,000 fto per day (15,000 M per 250 day work year fron 1,800

acres) when clear cutting could still work over at least a large

portion of the 3,600 acres necessary to sustain this production if

the out were only half (20 inches and up).. Camp location, then,

should be determined by minimum cost planning as in the case of

branch road spacing. The camp cost per M as now computed, is

double on a cut of 50% that for a cut of loo%.. By incurring an

extra cost in transporting woods crews, the camp cost per acre for

selective logging can be reduced.. These costs can be balanced to

obtain a minimum combination. It should also be pointed out that

if production is decreased (a 50% cut per acre with no increase in

acreage) woods crews can be more than cut in half.. This means a

smaller camp and,although a large part of camp costs are fixed re-

gardless of size, a reduction in cost. Further investigation into

the possibilities set forth here might easily uncover a more- equit-

able method of rating the costs of logging camps against selective

logging.

Costs Fixed in Total

The fixed per acre classification of logging costs is frequent-

ly abused in that many of the so-called fixed per acre costs are

incurred on a yearly basis and the total charged against the acreage

cut._ It follows that when reducing the cut per acre, if the acreage-



out per y)ear should be increased; the fixed per acre nature-of these

costs would decrease (providing such a change does not necessitate

a change of total cost). If it is possible to sustain production.

at the clear cut level,,then selective logging does not increase

these costs per M.

Administrative and management expences. The woods operation

must be charged with a portion of the administrative (front office;

personnel,, legal services,, and other overhead costs) and manage-

ment expences(cruising, marking, management and forestry measures).

These costs are computed in table XXI on two assumptions: Cse I

Under selective logging the acreage cut will be the same as under

a clear cut plan. The costs per acre are #2.50 for clear cut:and

rising to 05.00 for selective logging(,because of increased cost of

marking and forestry measures). Case II Assuming the company has

enough timber left to clear cut for 30 years,;the area is to be

handled on a cutting cycle basis for applying selective logging.

It should be pointed out that cutting to a 10 year cycle means cut-

ting 5400 acres per year. This means the operation would be so un-

wieldy as to be impractical. A practical limit must be set on the

size of the compartment cut each year. In this case it will be

3,000 acres (see the discussion on logging camps). It can be seen

that in the 10 or 15 year cycles the entire area cannot be covered

at this rate. The adoption of either of these plans would mean the

company could dispose of a portion of its property.



TABLE XXI

Administration and Management Cost.._

(4) Case I-

DBH :Volume P~r Ac: Acreage Cut: Charge:
:Gut DBH & up : Per Year :Per Acre :

10' 8,302 1,800 #2'50
12 7,984 - -
14 7,465 ..-
16 6,593 19,800 05.00
18 59,540 1,800 5.00
20 4,117 1,800 5.00
22 2,824 1,800 5.00
24 1,812 4. .
26 1,018 ..-
28 491
30 236

(b) Case II
A B C D

DBH : CG( or No. :Acreage Cut:Adjusted :Charge Per::
& : Compartments: Per Year :Acreage Cut:M~re
Up
10 30 1,800 1,800 *2.50
12- -

14
16 30 10800 19,800 5.00
18 20 2,700 2,700 3.33
20 15: 3,600 3,000 3.00
22 10 %j400 3 ,000 3.00
24
26
28-
30

Explanation.
A, From gr'owth precictiuns.
B. Computed from A.
C. Adjusted to practical limits.
D. Pro-rated on basis of 16 inch -class.

Taxes. It is the practice to let lands revert to the state for

taxes following clear cutting. If the company owns enough land to

clear cut for 30 years, then eacla year th~e cut on 1/30tb= of the orw.

iginal property must absorb the tax charges against the entire area;

As the size of the property diminishes to zero the average tax for

the entire period of operation is only one half what it would be the

4'



first year. The average tax charge then becomes 30 -x tax per

acre / 2..

Under the system of general property taxation tax rates vary

extremely even between townships of a -single county.. At #0.50 per

acre (not uncommon in the Upper Peninsula of Michigan) the tax

charge becomes (30 x .50 / 2) or 47.50 per acre when clear cutting.

Michigan and Wisconsin landowners have the choice of listing their

lands under deferred tax laws if making partial- cuttings.. Most

loggers, however, prefer the general property tax.. Under selective-

logging cut-over lands are retained by the property owner and re-

assessed . The annual out must still carry the charge of the en-

tire tract. Assuming the tract is reassessed as cut,. the first cut

must carry the same total charge as when cutting selectively plus

the taxes on the residual stand which start at zero and increase

in the same manner the taxes on the original virgin stand decrease.

The tax oharge then becomes (Cutting Cycle x tax rate on virgin

stands or *0.50 / 2) plus (CC x tax rate on residual stand / 2).

Tax costs per acre will be computed on the same assumed cases as

were administration and management expencesit&ble XXII).

After the area is once out over and it becomes -static (as a -

whole) or regulated it will be reassessed at a value which will not

be altered with each annual cut..

4yL



TABLE XII

Tax Cost.
A B ac ? D" E. F

CASE I : CASE II
DBH: Volumne: Assesaed ;Tax ~r : Ac: Tax ::.CC or No. :A~e Tax.,
& : Per AC: Value per: Residual. : Charge: : 0nipartments: Charge : :
Up- : D7& ups:AC.Resid:Stand : Per 'Acs : : Per At.:-

Stand Adjust-
10 8,302 *5.00 $0.10 *7.50 30 et *7.50
12- 7,984 540 '.1] . -
14' 7 ,465 6.90 .14 - -

16 6, 593 8.95 .18 10.20 30 10.20
18 5,540 11.40 .23 10.95 20 7*.3O .
2O. 4,117 15.00 , 030 12.00 15 18= 42
22 2,824 18.00 .36 12.90 10 18- 7.."75.
24 1,812 20.30 .40 - - -

Explanati2on:
B*., Based or;asessmente of 25 per acre for virgin stands and.

05000 per acre after clear cutting.
0C O' mpted trom"-B on basis off 20 mill levy.

D. (CC x #,50 / 2) plus (CC x Column C / 2)
go Cutting cycle is adjusted to fit plan off not cutting_ over

3, 000 acres per year;-(18 compartments)
F.. (CC x *0.50 / 2) x (CC x Column C)
Note: Cutting 3,000 acres per year at the 20 and 22 inch limits

it takes 18 years to cut over the property. The residual
stand returns to original volume in 15 and 10 years respect-
ively. Thus, the second cut will yield a greater return or
acreage can be disposed. of and a regulates stand. still, remain.

Stumpage prices are subject to great variationAthroughout the

Lake States area:. Depletion on,:this stand will be obarged off at

$8.50 per Mlog scale. Overrun decreases this by the amount shown

as follows..
DBH &'-up % Overrun Stumpage

10 27.5 06.67
12 27 6470
14: 26 6.75
16 24 6.86
18 23 6.90
20 21..5 7.00
22 20 7.1 0
24 19 7.15

Tota kainj C os ts

Total Logging costs are computed in the following two tables1 ;

Indirect or fPixed costs in table XXIII and direct costs in XXIV.

'4l3



TABLEXI I I

Total Irndirect Logging Costs

(a) ease Ii

DBH: Coset Pe r Acre DBH & tJ-01anS CO-"Costs
& t:Road:0&ap 4Admin & oTaxe s: Gtal:0nG Per
Up;:: : M' t: :Basis

GH I
;Fixed: 2otaL-,-A11 Fixe&,

Mo.:P@r M:sts-;,, Per M

10
12

14

14

20

22

*4.031 3.00
3.89
3.71
3.48
3.13
2.81
2.37

2.50

5.00
5.00

5.00

7.50 17.401
a. a*
am ".

10.20 21.68
1.0.95 22.16
12.00 22.81
12.90 23.27

*2.05

3.29

5.55
8 .22

2.+00 *4.05 *3.18
fm a&

5.*29
6.00
7.55

10.22

4.26
4.88
6.22
8 .51

(b) Caa~e II
DDH
10
12
14

161-
18
20
22

4.01 3.00
3.89
3.71
3,48
3.13
2.81
2#37

2.50

5.00
3*33
3.00
3.00

7.50 17x.01

10.20 21.68
7.30 16.04
7.20 16.*11
7.75 16.12

2.05

3.29
3.40
3.90
5.70

2,00O 4.05 X3.18

5.929
5.40
5.90
7. *70

4.26
4.38
4.85
6040

Explanati on:A. Table XXL15. Section on Camp Cost.
C. Table XXI
D. Table XXII
E. ,Sum off A,,B, C, and D.
F.o E / Volume Per Ac. DBU & UP, Table VII.
G. Section on Woods Supervision and General Expense*
H. .F plus G.
I.O H reduced by overrun computed from table VI]LT



TAIMtL- XXIV

Tdtal Direct Logging Costs.
AA B C D E F G HT I

DBH:Cos PerLo Scale :Total *Total1 ;0ftt Var.: Total Var~oet
:Fell & ;FIxed:Load &:MB JTa7 . tL : Pe~rAe.- tP~r M:Skid: L :Mily
:Bick :Skid#:Unload:s:P'rLI: Ba &tp:Each DBFT & Upi

10 18*30 2.45 2.13 6.74+ 29.52 9.60 11.20 0..44 11.64 9.16
12 12.940 1.69 1.52 5.34 20.995 L0.85 10.42 .44, 10.86 8.56
14 8.70 1.22 1.*12 4.37 15.41 13.43 9.*70 .46 10*16 . 8*09161 6.97 0*93,. 0.94 4.19 129T 13930 8.95 .48 9.43 7.60
18 5.10 .67 .75 3.70 10.22 14.55 8.25 .53 8.78 7.09
20 4.24 X60 468 3.70 9.22 1l.9L_ 7.60 .60 8.,20 6.75
22 3.40 «47 w56 3.33 7.76 7.87 6.81 .72 7."53 6.30
24 2.82 .49 _#2 - 3.18 7.01 5.57 6.28 .89 7.17 6.05,
26 2.34 .38 .45 2.86, 6.03 3.18 5.69
28 2.08 .36 443 2.83 5.70 4.51 5.34
30 1.79 .30 .37 2.49 4.95 1.17 4.95

Explanation:
A. From Table XIV,-
B. From-Table XVII.
C: From Table XVIII.
D. From Table XIX.
E. Sum of A,B,C,andD.
F. E x volume per acre; each DBH.,
G. Sum of F to each DBH /,,,Volume per -acre, each DEFT and up.
H. From Table XVI. Computed separately because of the manner in

which skidding costs were calculated.
I. G~ plus H.
J.9 I reduced by overrun computed f rom table VII .



Direct Milling C osts-

Direct costs of milling vary with the size of log handled and in-

volve such items as sawing, boom and pond labor,power, and sawing

supplies. These costs are high for small logs because of the long-

er time and more work involved in sawing one M ft. of lumber from

small logs. Table XXV ?is a cogpputation of these costs for typical
1.

band mills in the Lake States.

TABLE XXV

Direct and Constant Milling Costs.

A B C' D E.

DBH : Direct Cost :Cost on :Cost DBH -&:Cost ::o nstant:Mill
Milling Per :Per Acre:Up,Per Ac.:Per M :Per MW :Mach.Dep.
M Mill Tally:Basis :Bsis :DBH& Up: :Constant Per M:

10 #9.18 $4.30 #74.36 97.0 6 $8.00 40.70
12 8.60 6.38 70.06 6.92
14 7.95 9.55 63.68 6.80
16 7.40 10.25 54.13 6.62
18 6.98 12.65 43.88 6.47
20 6.66 10.65 31.23_ 6.26
22 6.38 7.86 20.58 6.07
24 6.15 5.86 12.72 5.90
26 5.86 3.67 6.86
28 5.65 1.71 3.19
30 5.40 1.48 1.48

74.3

Explanation:
A. Basic data adapted from USDA Tech. Bulletin #164;
B. A x Volume per acre, mill tally.
C. Sum of B, DBH sand up.
D. C / Volume per acre,DBH and up.

Milling COdsts Fixed Per M

Those costs of milling which remain constant involve the handl-

ing of sawn lumber and include mostly seasoning, finishing, and yard

and selling expenses. These are shown in Column E of tableXXV.

1. Adapted from the following publication: Zon, R. and Garver.

Selective Logging in the Northern Hardwoods of the Lake States.,

USDA Technical Bulletin #164. 1930.
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MillinE Costs Fixed in Total

Insurance, general expences,administration and management.. and

dill depreciation: are total yearly charges against production.

According to proper accounting procedures, the- original cost

of the mill 4. less scrap or sale value) is depreciatedt in.. equal_

annual amounts over:-the life of the mill.. Ma jor items of machin-

ery which may-have a life span shorter than the mill proper are-

depreciated seperately over their life span and when replacements

are made, written off the books. Under clear cutting the mill will

have a life span of 30 years. This assumption is based upon the

premise that when the property is liquidated the owner must sell

or scrap his mill and either quit business-or move on to a=_new supply

of timber. Many operators on&a- liquidation basis are forced (or

will be) to do this because of the fast diminishing supply of avail-

able virgin timber in the Lake States. If the operation is of

a more permanent nature- the life of the mill may be at least doubled;

greatly easing the burden of mill depreciation.

The life of major items of machinery is a function .of production

and when charged as such becomes a fixed per M cost. For this reason

machinery depreciation is shown in table XXV while deprecition on

the mill proper is fixed in total ana charged in taowe XXVI.. Tapae

XXVI is constructed to show the costs that are charged in total

against annual output for Case I and,.II.
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TABLE XXVI

(a) Case I Costs Fixed In Total
AB"I3C D E FT

DBH: Volume :Liffe off: Yearly :MilJl DeptInsurance, :Total
;Per Ac :Mild. :Production:Per M :Admin.,M'S't,::
: DBH &up: Years :Mill Tally: :Gen.Exp.,,Etc .:

10 10,599 30 19, 00cm4 *0.15 *5,.00 O

*14 -- -

17 8,186 60 14, x-00 0.09 6.45 6.54
18 6,799 60 12,000 0.12 7.90 8.04
20 4,987 60 9,W000 0.15 10.50 10.65
22 3,387 60 - 6,100 0.23 15.60 15.83

(b) Case II

DBH
10 19 ,000 *0.15 05.00 *5.15
12 ..
14 _ .- ,
16 14 ,700 0.09 6.45 6.54
18 18 ,400 .07 5.17 5.24
20 15,000 .09 6.30 6.39
22 103,200 .14 9.30 9.44

Explanation:-
d.. Based on the number off acres cut yearly ffrom table XXI.D. Based on $0.15 per M when clearcutting. Pro-rated, for other--

limits on basis off columnns Band C.
E. Based on $5.00 per M when-clearcutting. Calculated same as

column D.
F. D plus E.

Interest as a ,Cost

Interest has not been charged as a cost in this paper in spite

of the contentions of many c onoris ts and foresters that it should

be so treated. The author recognizes the concept of interest as

the cost off the use of. money tied up in a business,,; that interest

is a link between capital and income, and also that a plan off oper-

ation producing 5 units off prof it per 100 units off capital cannot,

arbitrarily be pronounced inferior to another that produces 6

units off profit but which may require 150 units of capital. Capital

investments in a business enterprise, however, from the accountin&_

standpoint are usually (not always) expenses in lump sums which are
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depreciated or depleted as costs, When these costs are charged

against profit and loss and the enterprise still makes -6 units it,

would seem superior to the one producing five. Is it equitable,

then, to introduce an tnterestfcharge which would in turn show the

5 units to be superior? In addition, the facts remain that very,

few forest owners recognize interest 'as accst,, the federal govern-

ment does not permit its use for income tax :purposes,, acorountants.

do not recognize it as a cost, and the profits developed in this

paper -are the same in actual dollars and cents' regardless of the

interest charged. So in accord with the above statements and in

an endeavor to make this a practical comparison of selective loggw

ing and clear cutting by showing the profits as they would appear

on the income sheets of an operating company, interest has been

omitted as a cost.

Total Profits

The margin for profit and risk is computed in table XXVI for

the various plans under consideration.
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TABLE XXVII

Margin For Profit and Risk

(a) Case I

DBHW :10 :--: 162:: 18:20: 22:

A.Value Per M,DBH & Up
Logging Costs
B.Direct, DBH & UP
C ;.aIndirect
D. Stumpage Depletion

Surplus for Milling and
Prof it

Milling Costs
E. Direct
F. Fixed Per M
G. Indirect

Margin Bor Profit
and Risk--a - - - - -

43.80

9.16"
3*18

190.01

24.79

7.00
8.70
S.94

-3.94

45.60 46.60 47.60 48.25

7.60
4.26
6.86

18.72

7.09
4.88

1.7

6.75-,
6.22
7.00

19..97

6..30
8.51
7.10

21.91

26.88 27.73 27.63 26.34

6.62
8.70
6.54

21.86

6.47

8.70
8.04

23.21

6.26
8.70

25.6o1l

6.07
8.70

15.83
30.60

5.02 4.52 2.02' -4.26

(b)Case III

Lo tinE Costa _S, Direct, DBH and Up

C, Indirect
f, Stumpage Depletion

Surplus for Millimg and
Profit

MilliniCosts
E. Direct
F. Fixed Per M
G. Indirect

9.16
3.18
607

19.01

24.79

7.00
8.70
5.15

20. 85

7.60
4.26
6.86

18.72

7.09
4.38
6.90

18.37

6.75
4.85
7.00

18.0

6 *30
6.40
7.10

19.0 

26.88 28.23 29.00 28.45

6.62

8.70
6.54

221.86

6.47
8.70
5.24

20..41

6.26
8.70
6.39

21.35

6.07
8.70
9.44

2 .21

Margin for Profit
and Riska- - - - - - - - 3.94 5.02 7.82 7.65 4.24

Explanation:
A. Table VIi
B. Table XXIV
C. Table XXXIII
De' From Section on Stumpage Depletion.
E. Table XXV
F. Table XXV
G. Table XXVI
Note: Computed on a mill tally basis
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IW INTEV[TA i@ Q 7 E5ULTS

For the stand and cost data presented here,, partial cuts at

16 inches show the greatest profit per M for ease- I. As the data

are computed for case II, cutting at the 18 inch limit shows the

greatest profit , with limits of 16,18.20, and 22 inches all sup-

erior to clear cutting. Thins difference between the two cases is,

due to the fact that the operation (in case II) is so planned as

to partially nullify the effect of the increasing fixed costs so

common.Ito partial cuttings.

Profit per M, however, is only eneindication of the relative

merits of the plans under consideration. Following is- a comparison

of cutting at the different- limits on an acreage and yearly basis.

As will be explained later, many elements go into the determ-

ination of the profit to be expected on the second cut. By con.

servatively estimating it to be the same as the first out, the

yearly profit below becomes a constant figure for the life of the

stand (if on a sustained yield basis).

TABLE XXVIII

Profits on a Per Acre and Yearly Production Basis

(a) Case I

DBH: Volume Per: Profit: Profit : Occurrence : Total Yearly;
:Ac.D & Up :Per M :Per Acre:of Profit on:Profit
M.Tally : : :Each Ac.,Yrs:

10 10,599 ..43.94 41.60 Once *75,000

16 8,186 5.02 41.00 30 74,000
18 6,799 4.52 30.80 20 55,000
20 4,987 3.02 15.00 15 27,000
22 3,387 m4.26 -14.40 10 -26,000
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TABLE XXVIII (continued)

(b) Case II

DBH:Volume Per:-Profit:Profit : feurrence :Ttal Yearly: Areage:
:Ac. D & Up:Per M: Per,.Acre:of Profit on:Profit : Out Per:-
: M. Tally : : ;Each Ac.,Yrs:: : Year ::

10. 10,599 *3.94 *41.60 once *75,000 1800

16 8,186 5.02 41.00 30 74,000 1800
18 6,799 7.82 53.25 20 1441,000 2700
20 4,987 7.65 38.20 15 114 j000 3000
22 3,387 4.24 14.40 10 43,000 300

Planning For The Second Cut

A selective logging type of operation canbe initiated upon

two basic presumptions: 1) For the purpose of achieving sustained,

yield. 2) To make one, two, or maybe three reduced cuts in, an ef-

fort to prolong the operation;-at the end of which time it is liq-

uidated. The main factor here is the amount of property available

for operation.. If, as assumed in both cases I and II, the operation

has suffecient acreage to cut for 30 years then cutting to the 16

inch limit means a 30 year cutting cycle and just fits the property.

If, however, the company has only enough land to clear cut for 15

years and adopts the 16 inch limit cutting the same acreage,t the

area will be cut over in 15 years.. At this point the decision must

be made to: 1) acquire more land to fill out the area or 2) clear

cut back over the area (which still has 15 years to grow to return

to its original volume). It can be seen that in planning for select-

ive logging, such factors as size of property, available timber of

the required size to fill out a management unit, and length of cut-

ting cycle must be considered as well as the financial returns and

the necessity of meeting a given level or production.



The second cut ----Disadvantages. Obtaining a second out means

retaining partially stocked lands in ownership for the period of

each cutting cycle before profits can. ,be obtained from them. GArry-

ing charges on these lands are often considered prohibitive. Taxes

are an example; however, they are incurred on a yearly basis and

are thus naturally suited to be rated against each year's production.

Handled in this manner, they do not constitute a separate- earrying

charge. In the Lake States, public forces responsible for fire pro-

tection have relieved forest owners from all but a small fire loss

yearly and fire protection is not normally a great expense. Pro-

tection is not treated as a seperate item in this paper. Where the

cost is large, it becomes an important carrying charge.

Operation on a long time basis involves waiting a period of

years for the returns on any one acre of property. The risks nat-

urally encountered in the lumber industry are multiplied several

fold and for that reason a selective loggong plan must assure

considerably greater profits than clear cutting. The greater risk

involved with selective logging would tend to nullify the slight

increase in profits per M for case I ; making the superiority of this

case doubtful at.least in the short-run.

The most of logging cull trees that would be left in the woods

under a clear cut plan has not been cumputed in this paper because

in the Lake States many operators turn out such logs for the chem.

ical wood market. Ouch trees would return a profit assuming reason-

able utilization practices.



Th second cut -- Advantages. As mentioned previously in

Section II, the second cut should return a product of higher quality

(less cull, more logs per tree, and less logs per M). Value returns

would increase and variable costs of production would decrease. In

addition, road costs should decrease, especially when working inithe

shorter cutting cycles. Main haul roads (although in this paper the

charge was only against the first cut) might be built to a better

service stan.ard, treated as a capital cost, and depreciated over

their probable life against later cuts, Secondary roads are charge

ed against the first cut.. They should cost only about one half to

re-build for the second cut.

Proper accounting procedures require that stumpage be set up

on the books as an asset. At *8.50 per M the stumpage account re-

presents a debit balance of *70.50 per acre.. On the first cut the

depletion charge per M is the same whether clear cutting or select-

ive logging. The stumpage account after the first cut retains a_

debit balance directly proportional to the residual volume per acre.

Stumpage is replenisned in the case of clear cutting by new purch-

ases and in the case of selective logging by growth. The cut after

the property has been worked oier once must - in the case of clear

cutting - bear a charge of *8.50 per M (providing the cost has not

changed). In the case of selective logging, second and later cuts

would bear charges as follows; depending upon the volume cut per

acre. After the original stumpage is depleted there would be no

stumpage charge.
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TABLE XXIX

Stumpage Depletion-

DBH: Volume Per:.Percent: Stumpage: Stumpage: Second 0at : Third Cut
: Ac.D & UP :of Vol.: Account :Charge :Stumpage : Stumpage
: Log "Sdage : D_& Up :# Per Ac:FirstCut:Ad.c t :Oharge: Ac't :Gharge:

10 8,302 100% *70.50 *8.50 #70.50 $8.50 #70.50 #8.50

16 6,593 78.5 15.15 2.30 0 0
18 5,540 66 24.00 4.34 0 0
20 4,117 49 35.25 8.50 0 0
22 1,812 34 46.50 8.50 22.50 7.95

In cutting at all limits up to 22 inches the original cost.of

stumpage is depleted during the second cut..Growth, then, wipes

out the stumpage depletion charge(which is no small point in favor-

of sustained yield);. and the cost of growing timber replaces the

cost of buying timber.

As a tract is cut clear the owner is required to make a'new

investment in timber and possibly mill.. Virgin timber is becoming

more scarce every year and many owners are finding no- more available

timber within economic hauling distance of their mill. Profits

from clear cutting, thus, cannot be considered as net earnings un-

til a portion is set aside to cover the cost of a new investment in

property and mill. This has not been done in this paper.

The Economic Limit

A comparison of costs and values shows that -for this stand -

the smallest tree to make a profit is the 14 inch class; trees of

this size- returning a profit of approximately 30.70 per M. When

clear cutting his timber an operator must pay - from the profits

of the larger trees for the privilege of cutting trees 10 andl2

inches in diameter. Logging selectively, these same trees are

left in the woods until they can be cut at a profit.. From this

standpoint, cutting to the 14 inch limit takes 100 per cent of the

valUe per-acre. 5'



The Effect of High Costs

It is especially significant to note the effect of changes in

costs upon a selective logging operation., Variable costa normally

retain their proportions from one class to the next and. so higher

costs accentuate the dollar difference between classes, thus favor-

ing selective logging.. Higher lumber prices, of course have the

same effect.. For example, if the piece rate for felling and buck-

ing were reduced to 0.03 per lineal foot for birch and maple and

$0.025 for hemlock the total variable cost per M (logging) for

each limit would be as indicated in column A 'below. The margin

DBH ' AA-B

10 #7.30 *5.80

16 6.70 6.12
18 6.46 5.49
20 6.20 2.97
22 5.86 -3.01

for profit and risk then becomes as shown in column B.(for case I)-.

Al originally computed, cutting at the 16 inch limit returned 41.0&

more per M than clearcutting.. With this reduction-:in costs the dif-

ference is only$o.32.. Az increase in, fixed costs would have the

same effect.. It can be seen that the common belief that high costa

(variable) impose conditions contrary to partial cutting is based

on a fallacy.

CONCLUSION

From a study of the data presented here it appears that the

items of fixed cost exert the most important influence upon select

ive logging. Upon comparing the results of the two cases it seems

imperative that the selective logging operation be carefully planned

in an effort to lower fixed costs. If a new operation, the plan-

ning becomes relatively easy. If an organization has been logging,

and milling for some years it may be necessary to completely re-
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organize - depending upon the extent to which production ia lowered.

If available timber is so limited as to preclude an increase in the

acreage cut annually /under selective logging,, the scope of the op-

eration is measurably reduced and those functions .and expenses

contributing to costs fixed per acre or fixed in total could in many

instances (and should) be reduced accordingly. This means reorg-

anization ,of management, items of overhead, -and administration where

possible, planning supervision.and general expense to conform to

production, and changing the aspects of depreciationiand depletion.

If, however, timber is available, the operation can be carried on

at a higher level of production by increasing the acreage cut per

year; and (as in case II) these critical costs-do not bevome pro-

hibitive..

One of the hardest conditions to meet is the mill owners common,

stipulation that production muss be sustained at mill capacity. The

trend toward smaller mills (quite common in the Lake States) solves

this problem to some extent. Reducing production necessarily re-

sults in gn increaser in, those costs fixed in total; however, it must

be remembered that profits from other portions of the operation-

rise with selective logging and it is safe to lower^ production to

the break-even point where the loss nullifies gain* Such an approach

would establish a definite limit to which production can be lowered

and might prove to mill owners that mill capacity Jis not as import-

ant consideration as many seem to believe. For example, in case I

reducing production rrom lg,UuUM tu 15,000 M still nets the same

yearly profit and down to 12,000 M still nets a greater profit per

M. In case II, reducing production from 19,000 M down to 15,000 M

still nets a much greater yearly profit and down to 10,000 M still
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nets a greater profit per M.. Ittmigat be wise to appruacn this prob-

lem from another angle; why not adjust the mill capaoity to :it

woods production. This could be accomplished by converting a porw

tion of the mill facilities to quality production (rather than

concentrate on quantity) by improved utilization:-practices such as

turning out small dimension stock from low grade lumber, slabs, and

edgings or carrying the manufacturing process one step farther by

turning out finished or semi-finished products such as maple floor-

ing, special stock for furniture plants, or similar products.

In final analysis, the answer of hether to cut clear or

partially lies in the conditions existing on the individual oper-

ation and- their adaptability to new plans. Some, not subject to

change (either because of natural causes or because impractical

in the eyes of the owner), can preclude the possibilities of any-

thing but clear cutting. The problem presented here has been an

attempt, not to prove one system superior to the other, but to

present an analysis of the conditions peculiar to the operation of

either system and also to develop a method of analysis by which the

advisability of selective logging can be determined for a given op-

eration.
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