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Paul A. Noreen and Jay M. Hughes* 

Study in Brief 
Aspen a Vast Reservoir of Wood and Fiber 

All availabl e data point to vast amounts of aspen 
timber availab le for use. Whethe r th is potential for 
great ly expanded pr oduction will ever be realized de
pends largely upon developing new mark ets . 

A Variety of Product Possibilities 
Aspen has long yielded man y products from firewood, 

fence posts, and pulp to boards, boxes, and veneer. Ve
neer seems especially promising as plywood markets ex
pand. 

Conversion Return Analysis Provides Benchmarks 
for Best Economic Utilization 

One way to measure the economic opportunity for 
expanded aspen utilization is to estimate its relative pr o
fitability in alternative uses. Conversion return analy s~s 
enables bu yers and sellers to make the best econormc 
use of aspen logs. 

Pulpwood Generally a low-Valued Use of Aspen 
when Other Markets Exist 

App arently when good markets for aspen lumber and 
plywood exist, pulpwood is a relatively low valued pr od
uct, especially from the larger logs. In any event, con
version return analysis helps determine wh ich altern a
t ive use will yield the grea test profit to buyers and sellers 
of aspen logs. 

Aspen Highlights 
Aspen ( Populus tremuloides and Populus grandi deti

tata ) trees and stands are familiar components of th e 
forested landscape in Minnesota and th e northern half 
of the United States and Canad a. Th e gold fall foliage 
of aspen is the subj ect of pri ze winning ph otographs. It s 
shoots and bark are stapl es in th e diets of wild life. It 
provides she lter for domestic livestock and a ? leasant 
backdrop for picnickers. It is also a resourc e WIth com
mercial capabilities for the manufacture of a variety of 
wood products. This study is concerne d with the alloca
tion of aspen logs among these commercial product al
ternat ives. 

Aspen Resource 
Consolidated data for th e nation's aspen resourc es 

are not readily availabl e. However, of the 508.8 million 
acres of commercial forest land in the United States, 
about 8 percent are classified as aspen and relat ed species 
forest types.P These forest types, as well as others 
with minor amounts of aspen, contain over 16 billion 
cubic feet of aspen and cottonwood. Nearly ha lf of this 
amount is concentrated in th e Lake States. 

Th e aspen resour ce is particul arly prominent in Min
nesota wh ere nearly a third of th e commercial forest land 
area, 5.4 million acres, is in th e aspen forest type." 
Moreove r, the 3.0 bill ion cubic feet of aspen growing 

o Research assistant and associate professor, Schoo l of Forestry, 
respectively. 

stock is nearly a third of th e growing stock volume in all 
of Minn esota's forests. 

Product Capabilities of Aspen 
A variety of products can be manufactured from 

aspen . It is of increas ing importance for pulp manufac
ture. It s ease of workability makes it desirable for vari
ous lumber products. It is readily made into veneer. Its 
light color, light weight and relati ve freedom from taste 
and odor make aspen desirable as a packaging material. 
Excelsior has long been manufactured from aspen. In 
short, where great streng th is not desired in the end 
product aspen has a very wide range of use possibiliti es. 

Development Possibilities 
Th e Minnesota situa tion is representati ve of the Cin

derella role whi ch may be played by aspen. Originall y 
considered a "weed tree," aspen has now become an im
port ant raw material for Minn esota's woodusing indus
tri es. In 1966 aspen accounted for 53 percent (612 thou
sand cords) of th e total pulpwood harvest. I In 1965 it 
amounted to 25 percent (25 million board feet ) of th e 
total lumber production in Minn esota." Although aspen 
makes up an increasingly large portion of th e state's in
du str ial roundwood consumption, the actual cut in 1960 
was less th an one-third of th e desired cut. Even when 
considering only the material of sawlog size, the actual 
cut is slightly less th an one-half the desired cut." The re
sult of these relat ively low cutting levels is a growin g re
serve of aspen timber. Minn esota, therefore, appears to 
have a sufficient aspen resour ce to support additiona l 
ind ustr y. 

Veneer and plywood manufacture offer interesting 
pro spects for aspen. The production and marketin g of 
aspen plywood by Canadian firms has aroused interest in 
Minn esota and other sta tes where aspen is abundant. Th e 
market position for aspen venee r and plywood will likely 
be strengthened by the followin g trends: (a) increasing 
number of famili es cau sing increased housing demand, 
(b ) increasing demand for second hom es, (c) decreasing 
supply of "fine"" hardwood veneer timber, ( d ) increas
ing pr ices of Douglas fir veneer logs, and (e ) incr easing 
compe tition for stumpage in the Southern States. How
ever, before this use of aspen can be consid ered seriousl y, 
th e plywood profitability must be compared with th e 
profit abilities of othe r uses. This study helps to answer 
this question . 

Conversion Return Analysis 
Log bu yers and log sellers need to know how much 

the logs th ey bu y or sell are "worth." Th e worth or valu e 
of logs, especially to the bu yer, vari es according to the 
costs of processing them into subsequent products, the 
pri ce of these products, and the amount of saleabl e 
pro du cts obtained from the logs. Th is value or worth 
mayor may not be closely related to pri ces paid for the 
logs. Log price paid will depend on the willin gness of 

... "Fine" hardwoods are th e higher valued h ardwood species 
which have tradi tionally been used in veneer ma nufacture, e.g., 
black walnut, red and white oak, bi rch , maple, etc. 



both the buyer and seller to buy and sell, as well as pre
cise levels of costs. 

What is Conversion Return? 
Two related measures of worth or valu e of a log are 

"conve rsion surplus" and "conversion return." These ha ve 
become traditional value measurements in forestry and 
have been differentiated by Duerr." Figure 1 provides a 
useful guide to th e general relationships involved. 

Fi gure 1 shows that conversion surplus is the larger 
of the two concepts. It is derived by subtracting total 
variable costs from total revenue. At output level X, 
total conversion surplus would equal $350 minus $150, 
or $200. Variable costs in Figure 1 are those costs whi ch 
chang e, in tota l, as output level changes. These costs are 
associated with numerous inputs such as labor, power, 
and fuel; transportation; materials and supplies incor 
porated in or dir ectl y used in the manufacture of the 
product; and selling. The important characteristic is, 
however, th at these costs in total must increase or de
crease as th e amount of production changes. In a sense 
these are the directly-associated costs which mu st be in
curre d in order to turn a wheel or produce and sell any
thing. Plan t and equipment may exist; but without labor 
and materials no product is produced. 

Con version surplus is thus a residual from which a 
log buyer pays for such items as his own labor or man
agement (profit) and for services rendered by govern
ment (taxes) and by lenders (loan repayments). This 
surplus must also pa y any other expenses which do not 
vary, in tot al, as a result of changes in output. These 
costs are therefore called "fixed" and are incurred wheth
er or not any production occurs. These can include de
preciation, insurance, rent, and "overhead" to the extent 
that these, again, do not change with changes in out
put.... We th erefore can identify two general components 
of the conversion surplus package: (1) profit and risk, 
and (2 ) fixed costs. 

Total Revenue 

CS 

Total Variable 
Costs 

I'-__,M;;;;;~-----+-------Total Fixed Costs 

01£:. --1. Product Output 

Figure 1. General relationship between conversion return and 
conversion surplus. 

... Ec onomically spea king th ese are "short run " concepts. In 
the long run, changes in investment levels eliminate absolute fixed 
costs. However, th e an alysis is relevant for most cases whic h deal 
with existing plant or "average" short run alternatives. 

The terms "profit" and "risk" are subject to some de
bate in economics and business literature. Generally the 
term "profit" refers to an accounting difference between 
sales receipts and costs incurred for all purchased or 
hired factors of production and overhead . It will also 
exclude depreciation. It thus represents a residual share 
to be claimed by the owners of a business from which 
they pay themselves for all services and goods not else
where accounted for, and which they have contributed 
to the business. Accounting profit in this sense can also 
be thought of as the imputed value of wages, interest, 
and rent payable to the owners of a business; and in this 
sense "pure profit" may not exist. The present study 
adopts the simple residual or accounting profit concept 
subject to the definitions of cost employed. Profit thus 
becomes generally analogous to conversion return which 
is discussed below. 

There are elements of uncertainty in any enterprise. 
Resource availability uncertainties, market uncertainties, 
political un certainties all influence the business decisions 
of ente rprise owners (or potential enterprise owners ). 
Owners can reduce the impact of these uncertainties by 
adding a "safety margin" to estimates of net return or 
"profit" as a premium for assuming the burden of un
certainty. This "risk premium" is great or small enough, 
in the judgment of the businessman, to recover losses 
which may occur. Exactly how this is to be done is a mat
ter of debate also. As a practical matter, the risk margin 
may be added to costs, thus reducing estimates of net 
profit or conversion return. Payment of the risk premium 
thus is assigned a higher priority call on revenues than 
is profit. This study assumes such a margin, whether 
specified separately or not, is accounted for in the esti
mation of "profit" or conversion return. 

Conversion return, simply put, is conversion surplus 
shorn of fixed costs. It is this amount that log buyers and 
sellers will most stro ngly wish to maximize. In Figure 1, 
conversion return at output level X is $350 minus $250 or 
$100. Thus, in this example, the amount remaining to 
pay profits and any non-variable (in the sense above) 
expenses left after paying fixed costs is $100.... 

Both conversion surplus and conversion return can be 
used for comparative valuation purposes. It can be ar
gued that conversion surplus is a less cumbersom e-i.e., 
simpler-measure for comparison purposes because it 
does not require estimation of fixed costs and may there
fore be preferred. However, since conversion return is 
th e measure which more nearly represents the business

... Duerr's (3) distinction betw een "conversion surplus" and 
"conversion return" is somewhat ambivalent inasmuch as conver
sion return is stated to be less than conversion surplus by the 
amount of "fixed costs" (s ee p . 383) ; yet it also includes a 'profit 
aJl~wance" which in turn includes interest on borrowed capital. 
If mt~rest costs ?o not y,ary \~,ith production levels, they are ap
propn ately considered fixed . However, int erest payments in 
practice may, like wages and oth er var iable costs, have a first 
claim on revenues with payments to principal classed as "fixed." 
For convenience in . economic analysis , interest and principal pay
ments are customanly tak en together as a fixed cost. Thi s conven
tion is foJlowed in this study. 
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man's ob jective and since fixed costs may be no more dif
ficult to estimate than variable costs, the conversion re
turn approa ch is taken in thi s study. 

Buyer's vs. Seller's Conversion Return for Logs 
The conversion return value of logs to a buyer is esti

mated by subtracting ai l associated fixed and variable 
costs as described ab ove 'from the value of the final prod
ucts sold from the logs by the buyer. The point of esti
mate may be the standing tree, the road side log deck, 
or the mill yar d. 

In any case, the conversion return so calculated is 
not a net "profit" unl ess th e logs are obtained free of 
charge; for any price paid by the buyer f or the logs (as
suming the log price has not been incl uded in variable 
costs ) will detract from conversion return . The more the 
buyer mu st pay for th e logs, th e less of the $100 in Fig
ure 1 is retained for profit an d risk. 

A log seller has a different view of the value of the 
logs and a more diffi cult problem estimating conversion 
ret urn . If no pri ce has been esta blished for logs, the 
seller has no direct starting point for estimating his con
version return. In such a case, he mus t assume -a reas
onable price and gross receip ts figure or he mus t estimate 
conversion return followin g th e bu yer's procedure. By 
estimating conversion return of the finished logs at th e 
point of delivery to the buyer , the seller has determined a 
po tential range of gross receip ts . In Figure 1, for ex
ample, the potent ial range of gross receipts is from $0 
to $100 at ou tput level X. 

To determine a basis for log price negotiat ion within 
the potential range of gross rece ipts, the seller will want 
to estima te his own fixed and variable costs incurred in 
making the logs and bringing them to th e poin t of sale 
to the buyer. Th e sum of those costs must be subtracted 
from the estimate of buyer conve rsion return at the point 
of delivery. The resu lt, of cours e, is a total conversion 
re turn for the logs which will be divid ed between th e 
buyer and the seller by nego tiation at th e po int of de
livery. If, for examp le, log makin g ( including stumpage 
costs as a variable cost) and delivery costs were $70 in 
the case portra yed in Figure 1, the conversion return 
( the amount remaining for profit and risk for both buyer 
and seller ) would be $30. Thus, if the log buyer paid 
$80 for th ese logs his conversion re turn would be $20 
and the log seller would obtain a $10 convers ion return . 

In the pr esent study conversion returns are estimated 
at the poin t of delivery of logs to the bu yer. This is, 
therefore, a log buyer's conve rsion re turn . It also is the 
potential range of gross receipts for the seller. 

A word of caution is needed . Th e above discussion 
assumes that estimated conversion return sets the limits 
for gross receip ts and subsequent price negotiation . 
Whether or not this assumption is valid will depend on 
the needs and willingness to buy and sell of buyers and 
sellers. If the seller, for instance, is in a weak bargaining 
position he may be willing to sell at a pri ce which yields 
him a zero or negative conve rsion return. If, in th e case 
above, the seller accepted $70 for his logs, he would 
realize $0 conversion return. In thi s case he ha s lost his 

estimated profit and risk margin; however , he has re
covered all of his fixed and variable costs . Assuming that 
of his $70 total costs, $50 were variable costs and $20 
were fixed costs; it might be economica lly ra tional for a 
shor t time to accept gross revenue as low as $51. Th e 
reason is that as long as the price received will cover 
variable costs plus at least a token amount of fixed costs 
it "pays" to continu e to operate-for a short time-hopin g 
that future price increases will make up the deficit. If 
the seller did not operate at all he would still incur all 
of the fixed costs. His loss would thus be equal to all of 
fixed cost rather th an just a portion of it. 

Conversion Return for Individual Logs 
of Different Diameters 

The preceding discussion has outlined the basic ideas 
of conversion retu rn analysis. Th e discussion has been 
in terms of logs as groups; but it also applies and perh aps 
is more frequently used to evaluate profitability of an 
individual log or to compa re grou ps of logs whose av
erage sizes differ. 

Size of log measured by diameter, with all other 
qu alit y characteristics held constant, is generally used 
to sepa ra te logs on the basis of value . Th e larger the log, 
genera lly, the grea ter the valu e. Larger logs yield more 
saleable products compared with small logs; and th e 
handling time and cost per unit of produc t is lower with 
larger logs. Moreover, log diameter is one of the easiest 
cha racte ristics to identify . For these reasons, log di
ame ter is frequently used to sort logs into value classes 
and to choose among alternative -product possibilities. 

Figure 2 shows the expected general relationships of 
costs and returns whe n log size is varied. Again, conver
sion ..re turn is measured as the difference between total 
costs ' and total revenue. Variable costs are those which 
in total change as log diameter changes; and fixed costs 
ar e those which do not cha nge in tota l as log size is 
var ied. It is also important to realize that the curves in 
Figure 2 are generalized and somewhat theoretica l. Nev
ertheless, there are good reasons for expecting these 

Dollors 
.. .... ..... . . . . . . .. . . . . . . . . . . . . . . . . . . .. .. . . .. Totol� 

•••••• Revenue 

.'.' 

/ ..•....... 

...' 
Toto l 

Co sts ... ... 
... Toto l 

... 
Vori obl e 

Costs 
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Cos ts 

o 
Log Dio mete r 

Figure 2.� Expected general relat ionships between log diameter 
and costs and reven ues. 



genera l relati onships to hold for any situation in which 
given kinds and amo unts of capital equip ment and plant 
are held constant. 

Best Log Utilization 
Fi gure 2 lends itself to severa l kinds of analyses when 

diameter of logs is varied. For example, for any given 
end product such as lumber , th e relation ships of Fi gure 
2 suggest the most profitabl e log size; i.e., the diameter 
at which the difference between total rev enue and total 
cost is greatest. Th is, in turn , suggests th e most profitable 
size to which trees should be grown and is the general 
basis for "financial maturity" evaluations_in timb er pro
duction.' 

Figure 2 relationships may also be used to alloca te 
logs of a given diameter to alterna tive product possi
bilities. Each product alternative like lumber , plywood , 
or pulpwood will. lave a unique.set of curv es as in F ig
ure 2. Th us, it is possible to estimate conversion return 
for any log size for any given produ ct alt ernative. A 
ration al log buyer (or seller ) will tend to allocate any 
given log ( of a given size ) to that alterna tive which 
yields the greatest conversion return . Fi gur es 3 and 4 
depict a genera lized comparison of costs, revenues, and 
result ant conversion returns for a range of log dia meters 

Figure 3.� Tota l cost s and total revenues for a range of log 
diame ters and three product alternatives. 
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Figu re 4.� Conversion return for a range of log diameters and 
three product alternatives. 

and three product alternatives. Accordi ng to Figure 4, 
in this hypoth etical case, logs less than about 11 inches 
in diameter earn their highest conversion return as pulp
wood. From 11 to 17 inches in diameter, lumber is th e 
most profitab le use. Plywood is th e most profitabl e use 
for logs larger than 17 inches in diameter. 

The ab ove discussion has illustr ated the general idea 
of conversion return ana lysis. This meth od of analysis is 
employed in the followin g discussion of the best eco
nomic use of aspen logs. 

Study Methods 

The objective of th is study is to determine the con
version return of var ious aspen log sizes, for the alterna
tive product uses of: (l ) plywood , (2 ) graded lumber, 
(3 ) ungraded lumber , and (4) pu lpwood. Th e relative 
profitability of these various uses can be determined by 
comp aring th ese conversion returns. 

Severa l data sources are used . Pulpwood log volumes 
by log size were developed from wood yard data sup
plied by the Mando Division of the Boise Cascade Cor 
porat ion . Much of th e informati on used in the develop
ment of plywood costs and values was obtained from 
Canadian plywood mills as compiled by the Canadi an 
Dep art ment of Industry.!" Aspen veneer log yields were 
obta ined from United States Forest Products Laboratory 
data." A time study of aspe n log turning was conducted 
at an integrated hardwood veneer, plywood, and sawmill 
to develop costs by log size . 

Throughout the study, it is assumed that log lengths 
are 100 inches and log diameters are measur ed at the 
small end of the log. No attempt has been made to dis
tinguish among log grades. Consequently, the analysis 
may be considered to represent "average" qu ality aspen 
logs. . 

All conversion re turn calculations in this study are 
estimated at the point of log delivery to the mill yard. 

Pulpwood Logs 
Conversion return for aspe n logs used for pulp and 

pap er manufacture presum abl y should begin with the 
pri ce of pap er or pulp £.o.b . the mill and all paper or 
pulp manufacturing costs. Th is was imp ossible in the 
present study . Consequently, an adjusted mill yard pri ce 
of rough pulpwoo d was used . Average current delivered 
rough pulpwood prices were increased by an amoun t 
equivalent to estima ted risk and "profit" margins re
quired as payment for services performed by the owners 
of the bu siness. This was necessary to make this con
version re turn compa rable with that calculated for lum 
ber and plywood . In th e latt er two cases, no estimate of 
risk and pro fit margins were available. Thus the conver 
sion retu rn resulting from subtracting costs from rev
enues includes the profit and risk margin . In the case 
of un adjusted rough pulpwood pri ces, it is assumed that 
th e risk and profit margins have been deducted as well 
as fixed and variable cost. 

7 



For the purposes of this study a margin of 9 percent, 
in accord with Segur's discussion ," was used to obtain 
an adjusted market valu e for rou gh pulpwood deli vered 
to the mill of $16.35 pe r cord. 

Using data from a wood yard study conducted by 
the Mando Division of th e Boise Cascade Corp., the 
cubic foot volumes of various sized aspen logs were de
termined. These 1,339 logs were 100 inches long and 
varied from 8 to 16 inches in small-end diameter . They 
represented a good cross-section of the aspen-producing 
area of northern Minnesota. 

From the same data, cubic foot volum e per cord was 
determined. Since there was no apparent corre lation be
tween average diam ete r per cord and cubic foot volume 
per cord, an avera ge volum e per cord was used. Using 
the adju sted market value and th e average cubic foot 
volume per cord for aspen pulpwood, a market value 
per cubic foot was calculated . This figure was in turn 
multiplied by th e cubic foot volum e per log to obtain 
pulpwood value per log by log size (Table 1 ). 

Table 1. Value of aspen pulpwood logs 

(1) (2) (3)� 
Diameter Volum e/Stick Value /Stick'� 

inches cu. ft. 
8 3.192 $0. 66 
9 . 3.9 15 0.81 

10 4.976 1.03 
11 . 5.979 1.24 
12 7.188 1.49 
13 8.208 1.71 
14 9.93 5 2.07� 
15 11.036 2.29� 
16 12.799 2.66� 

' Figures in th is column are comput ed by multipl yi ng col 
umn 2 t im es t he market value per cub ic foot of $0 .208 per 
cubi c foot (78.64 cub ic feet per cord) . 

Table 2. Aspen plywood production costs per 
thousand square feet 

Cost Cost Cost ' 
Listed' adjusted adjusted adjusted to 

Factor cost to 0/8" to U.S. $ May 1967 

Variable costs per 
un it output: 

Direct labor . . . . . $7. 20 $8. 64 $7 .95 $8.28 
Indirect labor . . . 0.85 1.02 0.94 0.98 
Fixed cost s" . . .. 7.50 9.00 8.28 8.27 
Power .. . . . .. . . 2.00 2.40 2.21 2.2 2� 

Total Variable Cost: $19.75 

Constant cost s per 
un it out put : 

Supplies . . . . . . . $1. 50 $1.80 $1.66 $1.66 
Glue .. . . . . . . .. . 4 .00 4 .80 1.42 4.33� 

Tot al Const ant Cost: $5 .99 

1 These costs were t aken from Sudburg 's study (10) and 
were given on a 5/16·inch basis. 

, Costs were adjusted for price chan ges from th e ti me of 
Sudburg's study to May 1967. 

a Fixed costs include dep reciat ion, insurance, inventory 
charges. and rent. 

8 

Veneer Logs 
Production Costs-Veneer Logs: Because aspen ply

wood is presently produced in Canad a, much of the da ta 
used was obtained from Canadian sources. From a sur
vey of several aspen veneer and plywood mills, Sudburg-" 
developed avera ge production costs per thousand 
square feet (5/ 16-inch ba sis). These were adjusted to a 
%-inch basis, and then converted to United States dol
lars using a conversion ratio of 0.92 United States dol
lars per Canadian doll ar. Finally, th e costs were con
verted to May 1967 doll ars using : (1 ) the all com
modities wh olesale pr ice index for fixed costs and sup
p lies; (2) th e electrical wholesale pri ce index for power ; 
(3) the syntheti c resin wholesale price index for glue; 
and (4) th e ratio of May 1967 avera ge vene er and ply
wood industry wages to th e average 1966 veneer and ply
wood industry labor costs (Table 2 ). 

Costs are grouped into two categories: (1 ) costs per 
unit output which change as output level is changed 
and (2 ) costs per unit output which are const ant as out
put level changes. Th ese classes are not analogous to 
variable costs and fixed costs previously discussed. The 
earlier classification is based on variability or fixity of 
total costs while the present classification is based on the 
variability or fixity of per unit costs. Th erefore, although 
the fixed costs referred to under "variable" costs in Ta
ble 2 are constant in tot al ( i.e., true fixed costs ) they do 
not represent constant per unit costs. Similarly, the "con
stant" costs referred to in Tabl e 2 are variable in total 
(Le., true variable costs ) but represent a constant per 
unit cost. This somewh at confusing classification is nec
essary to compute produ ction costs in Table 4. 

To generate costs by log size, a time study was con
ducted on a lathe producing aspen veneer. Th is study 
was made at a hardwood veneer mill in Wisconsin which 
used a lathe equipped with retractable chucks and a 
ba ckup role. Turning tim e consisted of th e period from 
the beginning of turning to the rejection of the core. 
Loading tim e was defined as the period between the re
jecti on of the pr evious core to the beginning of turning 
of the present log. Tim es were recorded to the nearest 
one-hundredth of a minute on 94 logs ran ging from 9 
to 16 inches in diameter. 

Although loadi ng time proved to increase significantly 
with log diameter, it is assum ed that loading time would 
be independent of log diameter in an operation equipped 
with a mecha nical lathe charger. Therefore, only turn
ing tim e was used for calculating purposes. 

The following formula was calculated for estimating 
turning tim e by log size : 

Y = 1.2443 - 0.13654X + 0.0l0.782X2 

wh ere: 

Y = turning tim e in minutes, and� 
X = log diameter in inches (small end) .� 

This equation proved highly significant at the 5 percent 
level and had an "r" valu e of 0.726. Figure 5 contains a 
graphic representation of this equation. 



Table 3. Development of hourly production rate for aspen plywood 

(I) 
Diameter 

8 
9 .. . 

10 
11 
12 
13 .. . 
14 . . 
15 

. , . . .. . . . . . . .. . . . 1.903 1.722 69.7 118.8 8,277� 16 . . . . . . . . . . . . . . , . . ·� 
1 Taken from Figure 5 plus 0.083 minute s of loading time per log . 
2 Column 2 adjusted to production rat e in Sudburg's study, using an adjustment factor of 0.9050. 
360 minute s d iv ided by colum n 3. This was th en doubled t o obtain product ion per hour for two lathes, since the typical mill in 

Sudburg' s st udy had tw o lath es. 
• Taken from Figure 6. 
o Column 4 t imes colum n 5. 
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. . . .. 0.972 0.880 136.4 32.4 4 ,420 

. . .. 1.040 0.941 127.5 41.6 5,304 
1.130 1.023 117.3 56.1 6,583 

.. 1.241 1.123 106.8 76.0 8,120 
1.374 1.243 96.5 95.9 9,254 

. .� . . 1.529 1.384 86.7 106.8 9,261 
. . 1.745 1.579 76.0 113.6 8,632 

, , . , , . 
I I 12 13 14 15 16 

Dia met er (inches) 

of lathe turning t ime to diameter of 

Using these turning tim es, it was possible to convert 
the average costs from Tabl e 2 to costs by log size." Ac
cording to Sudburg's study, avera ge production with 
12-inch logs was 4,060 squa re feet (%-inch basi s ) per 
hour per lathe. By using tim e for 12-inch logs from Fi g

o It mu st be remembered th at the costs in Tabl e 2 are costs 
pe r thousand sq . ft . for th e average log size of Sudburg's study , 
and thu s do not represent production costs for logs eith er larger 
or smaller th an th e avera ge log diameter. The calculating pro
cedure develops produ ction costs for each log size, using turning 
time from th e time study and average output and average produc
tion costs from Sudburg's study. 

ure 5, plus a loading time of 0.083 minutes per log, and 
th e veneer yield for 12-inch logs from Figur e 6, an hourly 
production rat e of 3,674 square feet (%-inch basis) was 
computed." Thi s computed production rate assumes that 
th e mill is equipped with a mechanical lathe char ger. 

The ra tio of the computed production rate to the pro
duction rate of Canadi an mills per lathe, was used to ad
just the pr odu ction time of column 2 of Table 3. Th ese 
adjusted production times were converted to logs pro
cessed per hour, using two lathes, and multiplied times 
the veneer yield per log to obtain pr odu ction per hour by 
log size for the typ ical Canadian mill as described by 
Sudburg. 

Th e next step was to convert production ra tes to 
costs. By multiplying the average variabl e costs per 
thousand square feet from Table 2 tim es the average pro 
du ction rate of Canadi an mills ( in tho usands of square 
feet per hour ) , average variable costs per hour are ob
tained. This figur e was then divided by production rates 
for logs of various sizes (Table 3) to obtain var iable 
costs per thousand squa re feet , by log size. Total cost per 
thousand square feet is simply the sum of the calcu
lat ed variable costs (Ta ble 4 ) and constant costs (Ta
ble 2) . 

A weighted average gross value of aspen plywood was 
developed from inform ation from Canadi an aspen ply
wood mills . Total cost per thousand square feet was 
deducted from the gross value f.o.b, mill to obtain net 
return per thousand square feet. This net return was 
then multiplied by plywood yield per log to generate 
the conversion return of aspen veneer logs, by log size 
(Ta ble 4). Plywood yield was developed by deducting 
8 percent from the venee r yields of Figure 6. Th is de
duction includes shri nkage and trim loss, but does not 
include sanding loss, since shea thing grades are generally 
not sanded.'! 

o Turning time for a 12-inch log ( Fig . 5) was divided into 60 
to calculate logs pro cessed per hour . Th is figure was then mult i
plied by the veneer yield for a 12-inch log ( Fig. 6 ) to compute 
hourl y pro du ction. 
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Table 4.� Development of the conversion return of aspen veneer logs 

(1)� (2) (3) (4) (5) (6) (7) 
"Variable" Total cost" Net return' Plywood ' 

Production' cost per per per yield per log Conversion' 
Diameter 

inches 
8 . . . ..... . . ... ... ... . . . .� 
9 . . . . . . . - . . . . . . . . . . . . . . . . . . . . . .� 

10 . . .. . . . . . . . . . . ... . . . . . .. .� 
11 . . . . . . . . . . , . . . . . . . . . . .� 
12 .. . ... . . . . . . . . . . . . . . . .� 
13 . . . . . .. . .. . .. . ..... .. .. . . . .� 
14 . .. . . . .. . . . . . . . . .. . .. . .. . . .. ..� 
15 ... . .. . . . . . . . . . . . . . . . . . . . . .. . .� 
16 . ... . .. . ... . . . . .. . . .. . . . ... . . .� 

' Taken fr om column 6 of Table 3. 

per hour M sq. ft. M sq. ft. M sq. ft. (sq. ft.) return 

M sq. ft .� sq. ft. 
3.584 $44.75 $50.74 $16.19 23.0 $0 .372 
4.420 36.28 42 .27 24.66 29 .8 0.735 
5.304 30 .24 36 .23 30 .70 38.3 1.176 
6.583 24.36 30 .35 36.58 51.6 1.888 
8.120 19.75 25.74 4 1.19 69 .9 2.879 
9.254 17.33 23.32 43.61 88.2 3.846 
9.261 17.32 23.31 43.62 98.3 4.288 
8.632 18.58 24.57 42 .36 104.5 4.427 
8.277 19.38 25.37 41. 56 109.3 4.543 

' Tot al variab le cost s/M sq. ft . (Tabl e 2) times the average hourly product ion rat e of Canadian mills (e.g., 8.1 20 M sq.ft./ hr. 
times $19.75 / M sq. / ft.) divided by column 2. 

3 Column 3 plus the constant costs from Table 2. 
' Value f .o.b. mill of aspen plywood (e.g. $66.93/M sq. ft.) minus column 4. 
3 From f igure 6 less 8 % waste for con version of veneer to plywood. 
e Column 5 t imes column 6 d ivided by 1000 . 
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Figure 6.� Relationship of veneer yield to diameter of aspen 
logs. 

Residue Value: Because of recent developments in 
the utilization of resid ues, it seemed desirable to consider 
the value of cores, turnings, and trim as a source of pulp. 
Since the production of venee r requires debark ed logs, 
no debarkin g costs are allocated to the production of 
residu es. It is assumed th at residue handling costs ar e the 
same wh ether or not the residue is sold , and th at the ply
wood mill is on the same site as a pulp mill so that res idue 
tr ansportation costs are negligibl e. ( Of course, tr anspor

10 

tati on costs can be dedu cted from gross residu e value 
when these costs are known. ) In addition, by assuming 
the value of residue to be equa l to that of peeled aspen 
pulpwood, chipping costs and the value of chips can be 
disregarded. Thus, under th e above assumptions, the 
costs of utilizing the residue for pulp become zero, and 
th e gross and net values are equivalent. 

In veneer production only two pr odu cts are produced 
by the lathe - veneer and residue in the form of turnings 
and cores. Since sheathing grades are not sanded, nearly 
all of th e waste in aspen plywood production is chip
pable. Therefore, the residu e volume is the total volum e 
of a log less the volume of plywood pr oduced . The resi
du e value is residu e volume tim es the value of peeled 
aspen pu lpwood. However , as in the case of pulpwood 
value calculations, it was necessary to include a mar gin 
for risk and profit. Using a market value for peeled 
aspen pulpwood delivered to the mill of $18.50 per cord, 
a margin for risk and profit of nine percent , and a solid 
cubic foot volume per cord of 88.8," a value of 22.9¢ 
per cubic foot was developed . Thi s figure was then used 
in the calculation of residue values shown in Tabl e 5. 

Because fine residues (e.g., turnings) may have little 
utility in a pulpmill th at uses chips from roundwood 
sources, the value of coarse residues (e.g., cores) has been 
pr esent ed separately in Tabl e 6. Th is tabl e shows three 
conversion retu rn values of aspen logs. ( 1) first with out 
residue values; th en (2) with the residue value of only 
th e core; and (3) with the total residue value. Core 
residu e value was calculated assuming a 3.75-inch core 
diameter and using th e residu e value per cubic foot 
from Table 5. Total residue value was tak en from Table 
5. It is assumed that the unit value of fine residues is 
equal to th at of coarse residu es. 

" 88.08 cub ic feet per cord of peeled aspen was calculated 
from data collected in a study by the Manda Division of Boise 
Cascade Corp. 



Table 5. Value of plywood residue 

(1) (2) 
Log 

(3) 
Veneer 

(4) 
Residue 

(5) 
Residue 

Diameter volume' yield' volume' value' 

inches cu. ft. cu. ft. cu. ft. 
8 . . . . . . .. . .. . . 3.1 92 0.719 2.473 $0.566 
9 .. . . . . .. . . . . . 3.915 0.931 2.984 0.683 

10 . . . . . . . . . . . . 4.976 1.197 3.779 0.865 
11 5.979 1.612 4.367 1.000 
12 . . . . . . . . . 7.188 2.184 5.004 1.146 
13 . . . , . . . . . . . . . 8.208 2.756 5.452 1.249 
14 . . . . . . . . . . .. . 9.935 3.072 6.863 1.572 
15 . . . . . . . . . . . . 11.036 3.266 7.770 1.779 
16 . . . . . . . . . . .. . 12.79 9 3.416 9.383 2.149 

, Taken fro m Table 1.� 
'Column 6, Table 4 converted t o cubic feet.� 
3 Colu mn 2 minus column 3 .� 
' Colum n 4 times the value of peeled aspen pulpwood in� 

cubic feet. (e.g., $20.16 /cord divided by 88.08 cu. ft. / cord 
equal s 22.9 1fi / cu. ft. ) 

Table 6. Conversion return of aspen veneer logs, with 
and without residue values 

(1)� (2) (3) (4) 
Value Core Value 

without residue with total 
Diameter residue' onl y' residue' 

inch es 
8 .. .... . . . . . $0.37 $0.52 $0 .94 
9 ... .. .. . 0.73 0.88 1.42 

10 . . . . .. . . . . ... 1.18 1.32 2.04� 
11� 1.89 2.03 2.89 
12� 2.88 3.03 4.03 
13� 3.85 3.99 5.10 
14� . . . . . . . . . . . . . . . . 4.29 4.43 5.86� 
15� 4.43 4.5 7 6.2 1 
16 . . . . . . . . . . . . . . 4 .54 4.69 6.69� 

i Taken from Table 4 . 
z Column 2 plus residu e value of core (14.6 1fi ) 
3 Colu mn 2 plus colu mn 5 of Tabl e 5. 

Sawlogs 
Production Costs-ungraded lumber: The costs and 

values used in this section are based on the production 
of one-inch mat erial on a conventional headri g. The hour
ly cost data pr esent ed in Table 7 ar e bas ed on a study 
by Mischen and Smith." The sawmill was equipped 
with a circular insert headsaw, an edger, and a trim 
saw. Thi s mill is mor e or less representative of Minn e
sota's sawmills. Fuel, oil, and grease costs wer e adjusted 
to May 1967 usin g th e wholesale price ind ex for refined 
petr oleum. The "all-commodities" wholesale price index 
was used to adjust office, overh ead, and miscellan eous 
costs. 

As in the case of veneer logs, it was necessary to de
velop costs by log size. To derive these costs, data from 
a time study conducted at the Red Lake In dian sawmill 
by the U.S. Forest Service, Northeast Fo rest Exp erim ent 
Station, were used ." Sawing tim e was recorded to th e 
nearest second for 77 eight-foot logs ra nging from 8 to 
16 inches in diameter . Mulitiple regression analysis of 

" Unpublished da ta. On file at Northeast Forest Experim ent 
Station, Upper Darby, Penn . 

Table 7. Sawmill costs per hour 

Item Cost 

Labor (6 men @ $2.00/hr.) 
Mill repair 
Fuel, grease, and oil 
Off ice and overhead 
Miscellaneous 

. 
. 

. . . . . . . . . . . . . 

. 

. . 
. 
. 

$12.00 
0.45 
2.61' 
3.06' 
2.03' 

Total cost 
Total cost 

per hour . . . 
per minute 

. . . . . . . . . . . . . $20.15 
$ 0.336 

'Based on Mischen and Smith (6), adjusted to May 1967 
pri ce level s. 

Table 8. Costs per log for ungraded aspen lumber pro
duction 

(1)� (2) (3) (4) 
Sawing time' Sawing time' 
without delay with delay Cost 

Diameter time time per log" 

inches� minutes minutes 
8� 1.907 2.190 $0.735 
9� 2.070 2.378 0.798 

10� 2.252 2.586 0.868 
11� 2.453 2.818 0.946 
12� 2.675 3.072 1.032 
13� 2.91 5 3.348 1.124 
14� 3.17 5 3.647 1.225 
15� 3.175 3.966 1.332 
16� 3.752 4.309 1.447 

, Figure 7 converted to minutes.� 
2 Column 2 adjusted to includ e delay ti me (delay t ime of� 

14.9 percent of actual production� time was used). 
a Column 3 costs per min ute from Table 7. 

the dat a proved to be no more accurate than simple re
gression analysis. Thus, for the sake of simplicity, the 
following simple regr ession equation was used to predict 
sawing tim e: 

Y= 77.454 + O.5766X2 
where: 
Y = sawing time in seconds, and 
X = log diameter in inches (small end ) . 

The equation proved highly significant at the 5 percent 
level, and had an "r" value of 0.679. Figure 7 present s 
the equation graphically. 

Th ese sawing tim es were converted to minutes and 
adjusted for nonscheduled delay time of 14.9 percent 
of sawing time." The adjusted sawing time (Table 8 ) 
was multiplied by costs per minute (Ta ble 7) to obtain 
costs per log, by log size. 

Lumber Yield: Aspen sawlog yields are based on 
Wallin's study.':' Data from 436 eight-foot logs, ran g
ing from 8 to 16 inches in diameter, were analyzed using 
multiple regression techniqu es. Th e resulting equation 
was: 

Y = 5.583 - 1.768X + 0.4241X2 
where, 
Y = board foot yield , and 
X = log diameter in inches (small end ) . 

This equation proved to be highly significant at the 5 
percent level, and had an "r" value of 0.928. The equation 
is presen ted graphically in Figure 8. 
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logs. 
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A survey of several of Minn esota's larger aspen lum
ber pro ducers provided a weighted average market 
value of rough dr y aspe n lumber, f.o.b. mill. Th is value 
times the board foot yields from Fi gur e 8 gives gross 
value by log size. Th e gross value less the produ ction 
costs (Table 8 ) gives the conversion return for asp en 
sawlogs when used for the production of ungraded 
lumb er (Table 9 ) . 

Residue Value: As with veneer log residues, sawlog 
residu e value was assumed to be equal to that of peeled 
aspen pulpwood . Volume of chippa ble residue (Ta ble 
10) was determ ined by calculating the cubic foot vol
ume of a squared cant, plus side lumber on larger di
ameters, and subtrac ting thi s volum e and an allowance 
for kerf from the log volumes show n in Tabl e 1. 

Volume of cull lumber was estimated using Wallin's 
data.!! By including cull lumber in the multiple regres
sion analysis, the following form ula was developed : 

Y = 8.551 - 1.918X + 0.4226X2 
where: 
Y = board foot yield including cull lumber, and 
X = log diameter in inches (sma ll end ). 

This equation pr oved highly significant at the 5 percent 
level, and had an "r" value of 0.931. The equa tion is 
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Figure 9.� Relat ionship of lumber yield , including cull lu mber, 
to d iameter of aspen logs. 



Table 9. Development of conversion return for aspen sawlogs 

(1)� (2) (3) 
Gross 

Yield per' converted' 
Diameter 

inches 
8 .. . ........ . ..... .... . . 
9 ... .. ..... . . .. 

10 .. ......... .. . . . . .. . . . 
11 . . . . . . . . . . . . .� 
12 .. . . . . . . . . . . . . . . . . . .� 
13 .. . . . . . . . . . . . . . , .� 
14 . . .. . . . . . . . ... .. . . . . .. ... ..� 
15 . . . . . . . . . . . . . . . . . . . . . . . .� 
16 ... . . . . . . .. . .. . . . . . . . . . . .. . . .� 

] Taken from Figure 8. 

log value per log 

bd. ft. 
18.6 $1.170 
24.0 1.513 
30.3 1.910 
37.4 2.3 59 
45.4 2.863 
54.3 3.419 
64.0 4.029 
74. 5 4.693 
85.9 5.409 

2 Column 2 times f.o.b. mill val ue of ungraded aspen lumber� 
3 From Table 8.� 
, Diff erence between column 3 and column 4.� 
• From Table 10.� 
e Sum of columns 5 and 6.� 

Table 10. Value of aspen lumber residue 

(1)� (2) 
Volume of slabs ' 

Diameter and edgings 

inches� cubic feet 
8� 0.5 11 
9� . 0.578 

10� . 0.67 1 
11� . 0.7 93 
12� . 0.934 
13� . 1.095 
14� 1.296 
15� 1.529 
16� 1.79 2 

] Volume calculated to allow for a sm all degree of wane. 
2 Figure 9 minus Figure 8, converted t o cubic feet. 
3 Sum of columns 2 and 3. 

when used for the production of ungraded lumber 

(4)� (5) (6) (7) 
Conversion" 

Production' Conversion' Residue ' return with 
cost return value residue 

$0.735 $0.435 $0.035 $0.47 
0.798 0.715 0.048 0.76 
0.86 8 1.041 0.065 1.11 
0.946 1.4 13 0.090 1.50 
1.032 1.831 0.11 9 1.95 
1.124 2.295 0.152 2.45 
1.225 2.804 0.194 3.00 
1.332 3.36 1 0.244 3.60 
1.44 7 3.962 0.301 4 .26 

($63.00/M bd. ft.) divided by 1000. 

(3) 
Volume of' 
cull lumber 

(4) 
Total chippable" 

residue 

(5) 
Residue ' 

value 

(6) 
Net ' 
value 

cu bic feet cubic feet 
0.1 39 0.650 $0.149 $0.035 
0.1 25 0.703 0.161 0.048 
0.110 0.781 0.179 0.065 
0.095 0.888 0.203 0.090 
0.079 1.0 13 0.232 0.119 
0.064 1.15 9 0.2 65 0.152 
0.048 1.344 0.308 0.194 
0.03 2 1.561 0.358 0.244 
0.016 1.808 0.414 0.301 

, Colum n 4 t imes the value of peeled aspen pulpwood (e. g., 22.9tf. per cubic foot ) . 
, Column 5 less th e debarking costs from Table 11. 

presented graphica lly in Fi gure 9. Cull lumber is simply 
the difference between th e yields given in Figure 9 and 
those given in Figur e 8. Th e board foot yield of cull 
lumber was converted to cubic foot volum e and is shown 
in Tabl e 10. Th e volum e of slabs, edgings, and cull 
lumber was multiplied by the residu e value used for 
veneer residu e to dete rmine gross residue value (Table 
10). 

Since lumber pro duction does not require debarked 
logs, it was nec essary to allocate deb arking costs to the 
prod uction of saleable residues. These costs are shown 
in Table 11. 

Using the adjusted sawing time for a 1O.9-inch log," 
number of logs processed per hour was calculated . Thi s 
figure was used to determine labor costs per log. Power 
costs and maintenance and repair costs wer e assumed 
to be equal to th e costs per ton of chips pr esent ed by 
Herr ick and Christensen ." Th ese costs were conve rted 

.. This is the average log size of the 436 logs studied by Wallin 
(14 ) . 

Table 11. Debarking costs per log 

Item Costs 

Labor (@ $2 .00/ hr.) . 9.325 tf. 
Power . 0.017 
Maintenance and repair . 0.02 2 
Deprec iation . 3.127 
Insurance and t axes . 0.485 

Gross costs 
Less: 

. 12.976€ 

Reduced saw maintenanc e . 1.635€ 

Net cost per log . 11.341 € 

to costs per log, usin g the residue yields from Ta ble 10, 
hour ly number of logs pro cessed , and a residue density 
of 31.5 pounds per cubic foot. " D epreciati on, taxes, and 
insura nce costs were converted to costs per log using 
the results of Herri ck and Chr istensen." Th ese costs 
were summed to obtained gross debarking costs per log. 

.. A moisture content of 50 percen t is as sume..xl. 

13 



Table 12. Costs of producing graded aspen lumber Because debarked logs are much cleaner than roug h 
logs, less saw maintenance is required. Thi s reduction in 

(1)� (2) (3) sawing costs is de ducted from deb arkin g costs to ob
Adjusted tain net debarking costs per log (Tab le 11 ). 

Diameter� sawing time' Cost per log ' 
This cost was used in Table 10 to develop net residue 

inches� minutes value. Th e net residue value was added to the conversion 
8� . 2.190 $0.808 return in Tabl e 9 to dev elop conversion return by log 9� . 2.378 0 .878 

10 . 2.586 0.955� size with saleable residue. 
11� . 2.818 1.040 
12� . 3.072 1.134 Production Costs-Graded Lumber: It is assumed 
13� . 3.348 1.236 that sawin g for grad e will not be practiced , and, there
14� . 3 .647 1.346 
15 . 3 .966 1.464� fore, sawing tim e is as pr esent ed in Tabl e 8. Production 
16� , . 4 .309 1. 59 1 costs will be increased by the addition of a grader. Thi s 

change in pro duction cost is reflected in Table 12. , From Table 8 .� 
e The sum of cost s per minute from Table 7 plus $ .0333� Lumber Value-Graded Lumber: By analyzing grade per m inute times column 2 for th e extra man requ ired to 

grade lumber. yield data for the 436 logs used in the development of 

Table 13. Gross value of graded aspen lumber 

(1)� (2) (3) (4) (5) (6) (7) (8) (9) 
Percent of Percent of Percent of ' Yield of 
yield of # 1 yield of yield of # 1 and Yield of ' Yield of 7 Gross ' 

Diameter Yield /log' and better # 2 # 3 better #2 # 3 value 

inches� bd. ft . percent percent perc ent bd. ft. bd. ft. bd. ft. 

8 . . . . . . 18.6 27.6 35.2 37.2 5.1 6 .5 6.9 $1.318� 
9 . . . ... .. .. 24. 0 3 0.7 36.2 33.2 7.4 8 .7 8.0 1.740� 

10 . . . . . . . . . . .. .. .. . . .. . . 30.3 34.7 36.3 29.0 10.5 11.0 8 .8 2.250� 
11 . . . . . . . . . . 37.4 39.7 35.6 24 .7 14 .8 13 .3 9 .3 2.8 6 1� 
12 . ... . . . . . . . . . . . . . 45.4 45.7 34 .2 20 .1 20 .8 15.5 9.1 3.590� 
13 . . . .. .... . . .. . ... 54.3 53 .1 3 1.8 15.1 28 .8 17.3 8 .2 4.454� 
14 .. . .. . . . . . . . . .. 64 .0 62.0 28 .6 9. 5 39 .6 18. 3 6.1 5.482� 
15 . . .. . ..... - 74. 5 72.6 24.3 3 .1 54 .1 18.1 2.3 6.712 
16 . . . . .. . . .. . . . . . . . . . . . . . . . 8 5.9 82.1 17. 9� 70.5 15 .4 8.048� 

, From Figure 8 .� 
, From Figure 10 .� 
a From Figure 10 .� 
, From Figure 10.� 
• Col. 2 t imes Col. 3 .� 
6 Col. 2 times Col. 4 .� 
7 Col. 2 t imes Col. 5.� 
8 The sum of Col. 6 times $100/M, Col. 7 times $65/ M, and Col. 8 t ime s $55 / M.� 

Table 14. Conversion return of aspen sawlogs when used for the production of graded lumber 

(1)� (2) (3) (4) (5) (6)
Gross value' Production' Conversion' Net value' Conversion return ' 

Diameter per log cost per log return per log of residue with residue 

inches 
8� $1.318 $0.808 $0.510 $0.035 $0.55 
9 1.740� 0.878 0 .862 0.048 0. 91 

10� 2.250 0 .955 1.295 0.065 1.36 
11� 2 .861 1.040 1.821 0.090 1.91 
12� 3 .590 1.134 2.455 0.119 2.57 
13� 4.454 1.236 3. 2 18 0. 152 3.3 7 
14� 5 .48 2 1.346 4 .136 0.1 94 4 .33 
15� 6.712 1.464 5.248 0.244 5.49 
16� . 8 .048 1.591 6.457 0.301 6.76 

r From Table 13 .� 
2 From Table 12.� 
3 Difference between column 2 and co lumn 3 .� 
, From Table 10 .� 
, Sum of colu mn s 4 and 5.� 
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Figur e 8, mul tiple regression equations were developed 
for : ( 1) percentage yield of lumber grade num ber 1 
and better, ( 2 ) percent age yield of grade number 2, 
and (3 ) percentage yield of gra de number 3. National 
Hardwood Lumber Grades were used in th e grading 
process. Th e following equations were develop ed: 

y = 2S.390 - 3.116X + 004077X2 
where : 
Y = percentage yield of grade number 1 and 

bett er, and 
X = log diameter in inches (small end ) . 

Th is equation was significant at the S percent level, and 
had an " 1''' va lue of 00423. 

Y = 23.9S0 + 11.847X - 0.S788X2 
where : 
Y = percentage yield of gra de number 2, and 
X = log d iameter in inches ( small end). 

Th is equation was significant at only the 10 percent 
level, and had an " 1''' value of 0.171. 

Y = 38.334 + 2.008X - 0.2909X2 
where : 
Y = percentage yield of grade number 3, and 
X = log diameter in inches (small end) . 

Th e equation for the pr edi ction of grade number 3 per
centage yield proved significant at th e 5 percent level, 

Grode #1 and bette r 

o8'---.----,,....---.------.---.------.---r--~ 
9 10 11 12 13 14 15 16 

Diameter (inches) 

Figure 10.� Relati onship of percentage grade yields to diamet er 
of aspen logs. 

and had an "r ' value of 0.330. A graphic presentation of 
these three equa tions is found in Fi gure 10. Since the 
results of the above equations do not sum to 100 per
cent, it was necessary to adjust the small differences by 
proportional allocation. Th ese adjusted pe rcentages are 
presented in Table 13. 

Grade yield percentages were multiplied by log yields 
to obtain boa rd foot yields by grade for each log size . 
The grade yields were converted to gross log value using 
market values of $100 per thousand board feet for grade 
number 1 and bett er, $65 per thousand board feet for 
grade nu mber 2, and $55 per thousand board feet for 
grade number 3 (Table 13 ). Production costs (Table 12 ) 
were deducted from these gross values to obtain the con
version return for aspen sawlogs when used in the pro
duction of graded lumber (Table 14) . Net value of th e 
chippable residu e (Table 10 ) was included to develop 
the conversion return for aspen sawlogs used for graded 
lum ber production when the residue was sold . 

Comparison of Various Uses 
of Aspen Logs 

Tabl e IS pr esents the conversion returns of the sev
eral uses of aspen which were considered in this report. 
Some discussion based on the tabl e is requir ed. First, 
plywood production, whe n all residu es are sold, yields 
the highest conversion return for all log sizes studied 
except 16-inch logs. In thi s case, graded lumb er pro
du ction yields the grea test conversion return. However , 
if only the core residu e from plywood production is sold, 
plywood production yields the largest conversion return 
for the log sizes 11 to 14 inches. For 9-, 10-, 15-, and 16
inch logs graded lumber pr odu ction yields the largest 
conversion re turn . Pulp production yields the greatest 
return for 8-inch logs. 

Conversion returns for pulp produ ction , ungraded 
lumber production, graded lumb er production, and ply
wood production are shown graphically in Figure 11. 
This shows th at whe n residues are not sold : ( 1) pulp 
production is the most pr ofitabl e use of 8-inch logs; (2 ) 
graded lumber production is the most profit able use of 
9-, 10-, 15-, and 16-inch logs; and (3) plywood produc
tion is the most profitable use of 11- to 14-inch logs. 

Figure 12 presents the conversion returns for the se
lect ed uses when residue values are includ ed ." This 
graph shows that the inclusion of core residu e values does 
not affect the most profitabl e use of any log size. 

One must realize that Table 15 and Figures 11 and 
12 are applicable only wh en the market pric es, produc
tion costs, and assumptions used in this study are fu l
filled . Since market prices and costs for the various uses 
change at different rates, it will be necessary to adjust 
the values in Tabl e 15 wh en these changes occur . To ac
complish this adjustment, the followin g formulas may be 

o The residue values for plywood in Figure 12 include only 
the core value . 
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Table 15. Conversion returns for selected uses of aspen logs by diameter class 

(I ) (2) (3) (4) (5) (6) (7) (8) (9) 
Ungraded" Ungraded" Graded' Graded' 

lumber lumber lumber lumber Plywood ' Plywood' 
without with without with without Plywood ' with all 

Diameter Pulpwood' residue residue residue residue residue with cores residues 

inch es 
8 . $0 .66 $0.44 $0.47 $0.51 $0. 55 $0 .37 $0.52 $0.94 
9 . 0.81 0.72 0.76 0.86 0.91 0.73 0.88 1.42 

10 . 1.03 1.04 1.11 1.30 1.36 1.18 1.32 2.04 
11 . 1.24 1.41 1.50 1.82 1.91 1.89 2.03 2.89 
12 1.49 1.83 1.95 2.46 2.57 2.88 3.03 4.03 
13 . 1.71 2.30 2.45 3.22 3.37 3.85 3.99 5.40 
14 . 2.07 2.80 3.00 4.14 4 .33 4.29 4.43 5.86 
15 . 2.29 3.36 3 .60 5.2 5 5.49 4.43 4.57 6.21 
16 . 2.66 3.96 4.26 6.46 6.76 4.54 4.69 6.69 

, From Tab le 1.� 
, From Table 9.� 
a From Table 14.� 
• From Table 6. 

7. 00 7.00 
I 

_ _ Pulp 
Pulpwood _.- - - - - Ungra ded lumbe r - Ungra ded lumber ".(, 

" I _._ ._.- Plywood 6.00 6. 00 Plywood with co re residue onl y " I»: I 
.. .. ...... ...nll. G raded lumber Gra ded lumber� .' I 

- I _. _. - Plywood wi th to ta l re sidue .' I 
.' I, I 

• I5.00 _ 5. 00 

E I I ,1111111,. .' -I.-., 
I ,....UIII II• - jE ... ,.." ' /,.' .•" ,It .9 ...........� 

e 4. 00 e 4. 00 
.9 ~. 

2 c 

.'. ..•..",, / , 
U ...' .......... ,� 

u 
~ o , ...., ,0 

3. 00 3. 00 ,. / ,' /,. ..".' ,,. •...•. ,,' /.,' , , 
2. 00 ", ...."',' / 

t ", 

2.00 

.' , . ./
.' ;##"'",., , 

I. 00 1.00 ." ,,"--"" 

o L..---r---r--"""T'"-----r--r--~---r--....., 
8 10 I I 12 13 14 15 16 10 I I 12 13 14 15 16 

Dia meter [Inches] Diam eter (i nches) 

Figure 11. Comparison of the conversion returns for selected Figure 12. Comparison of convers ion returns for selected 
uses of aspen logs excl uding residue values. uses of aspen logs including residue values . 

16 



used as general guides for calcul ating the conversion re
turns of the selected uses of a given aspen log : 

1. The conversion return for pulp production :� 

l IVI ( 1 + Mp )� 
G R.1 = VI 78.46 

where , 

C.R' I = conversion return of pul p production , 

VI = log volume in cubic feet (Table 1) , 

MV1 = market value of aspen pulpwood deliv
ere d to th e mill , 

Mp = margin for risk and pr ofit. 

II.� The conversion return for plyw ood product ion: 

AP x VCx PT 
C.R.2 = Y2 ( MV2 - FC ) - 60� 

where,� 

C.R.2 = conversion return of plywood pro duc
tion, 

Y2 = plywood yield in thousand square feet , 

MV2 = market value of aspen plywood f.o.b. 
mill 

FC = fixed cost pe r thousand square feet, 

AP = average hourly production of plywood 
in thousand square feet. 

VC = average variable costs per tho usand 
square feet. 

PT� = pro du ction time per log in minutes 
( Column 3, Tabl e 3 ) 

The above formula could be shortened to : 

C.R.2 =� Y2 ( MV2 - VC - FC ). 

III.� The conversion return for ungraded lumber pr o
duction: 

C.H.. 3 = 2 ( MV;{ x Y3 ) - (STx C3 )� 

where ,� 

C.R.3 = conversion return of ungraded lumber 
pr odu ction. 

MV3 = market value of ungraded rou gh dr y 
aspen lumber f.o.b, mill. 

Y3 = yield of aspen logs in thousand board 
feet ( Figure 11 ) . 

ST = sawing time per log (Table 8 ) . 

C3 = production costs per minute. 

IV. Th e conversion return for grade d lumber pro
duction: 

C.R'4 =Y4 ( MV4x P4 ) + ( MV"x P:; ) + 
( MVux Pu) - (ST x C4 ) 

where , 

C.R '4 = the con ersion return of graded lum
ber production. 

Y4 = yield of aspen logs in tho usand board 
feet ( Figure 4 ) . 

MV4 = market value of No. 1 and bett er aspen 
lumb er, f.o.h. mill. 

MV" = market value of No. 2 aspen lumber, 
f.o.b. mill. 

MVr, = market valu e of no. 3 aspen lumber, 
f.o.b. mill. 

PI = percentage of total yield which is 
grade No. 1 and better. 

P;-, = percent age of tot al yield which is 
grade No. 2. 

P,� = percentage of total yield which is 
grade no. 3. 

ST =� sawing time per log (Ta ble 8 ). 

C4 =� pro duct ion costs pe r minute. 

V. Th e value of residues: 

V1\ =V7 [ " 'IV7 ~~.~MP ) J _T _ C 
where, 

VR =� value of residu e. 

V7 =� volume of residue in cubic feet (Table 
10 for lumber and Tabl e 5 for ply
wood ). 

MV7 =� market value of peeled aspen pulp 
wood delivered to the mill. 

Mp =� margin for risk and profit. 

T =� cost of transporting the residu e to the 
pulp mills. 

C =� cost of debarking (Table 11 ) used only 
for sawlogs. 

It should be pointed out that these form ulas are 
simply a shorthand expression of the conversion return 
procedures and dat a discussed earlier in this report. Ap
pendix 1 contains a numeric al example of the use of 
these formulas to compare profitability of the various 
use . 
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Conclusion 

The analytical approach of thi s study may serve as a 
base for th e decisions of both log purchasers and log 
sellers. Coupled with knowledge of growth rates, harvest
ing costs, and other costs, th is study could provide th e 
timber grower with information necessary for decisions 
concerning rot ation, thinning, and sta nd conversion. 

It is interesting to note that for all diameters studied 
the conversion return was greater for gra ded lumber 
than for ungraded lumber. This agrees with the sugges
tion of Thompson and Rathbun ' " th at greater profits 
could be realized if graded lumber were sold rath er than 
mill-run lumber, as is now commonly done. 

Appendix 

Th e following hypothetical situation is used to illus
tra te how the adjustment pro cess, discussed on page 
17, is used. Th e following deviations from the values 
used in the study are assumed : ( 1 ) the market value 
of pulpwood is $0.50 per cord greater; (2) the fixed costs 
of plywood production are $0.50 per thou sand square 
feet less; (3 ) the pri ce for ungraded aspen lumber is 
$2.00 per thousand board feet greater; (4 ) the price for 
aspen No. 1 and better lumber is $10.00 per thousand 
board feet greater; and (5) th e costs of production for 
both graded and ungraded lumber is $1.00 per th ousand 
board feet greater. Th ese values and th e unchanged val
ues from the study are used to calculate the conversion 
return s for the various uses of lO-inch logs. 

I. Pulp production 
MVI (1 + Mp ) 

C.R'1 = VI 78.64 

_ 4 976 16.00 ( 1 + .09 ) 
- . 78.64 

= $1.10 

II .� Plywood production 
AP xVC xPTc.R. 2 = Y2 (:MV2 - Fe ) - 60 . 

8.12x 19.75 x.471 
= .0416 (66.93- 5.49) 60 

= 2.56 - 1.26 
= $1.30 

Residue valu e of plywood production 
MV. (1 + Mp ) 

RV = V7 88.08 

_ 3 676 19.00 (1 + .09) 
- . 88.08 

= $0.86 

From a broader point of view, th is analysis points 
out some rath er large differences in the conversion re
turns for various uses of aspen logs. Th ese differences 
indicate that making pulp from the larger sized logs may 
be a poor use when markets exist for other products. Log 
sorting by diameter offers a more effi cient use of the 
harvested aspen resour ce. Concentration yards or in
tegrated mills could help allocate the larger aspen logs 
to mor e profit able uses. This allocation process would 
likely result in higher returns per unit harvested, to the 
benefit of the timber industry and the entire economy of 
th e state. 

As new markets develop and new pro duction proc
esses evolve, conversion return analysis can help guide 
log allocation decisions, and , ultim ately, timber manage
ment decisions. 

Th erefore th e conversion return for aspen ply
wood is $2.16 when all residues are included 
and $1.45 when only the core residu e is in
cluded. 

III. Ungraded lumber production 

CRa = (M V:! X Ya ) - ( ST X Ca ) 

= (65.00 x .0303 ) - (2.586 x .352 ) 

= $1.06 

Residu e value of lumb er production 

VH =V- [MV. ( I + MP) ]_ 
, 88.08 C 

= 781 [ 19.00 ( 1 + .09 ) ] _ 
. 88.08 .11 

= $0.07 

Therefore, the conversion return when resi
du es are considered is $1.13 for ungraded 
lumber pr odu ction . 

IV. Graded lumber production 

CH4= Y4 ( MV4x P4) + ( MV~ x P~ ) + 
(M Vn xP6 ) - (STx C4 ) 

= .303 (110 x 34.7 ) + (65x 36.3) + 
(55 x 29.0) - (2 .586 x .386 ) 

= $1.35 

Including the residue values, the conversion 
return for graded lumb er production would 
be $1.42. 

By making calculations of this nature, the procedure 
developed in this study can be adapted to changing 
conditions as these conditions develop. 



Literature Cited 

1. Blyth , Jam es E . 1967.� Rising Pulpwood Prices Stimulate Larg
est Lake tates Pulpwood Harvest. U.S. Forest Service, North 
Central Forest Experiment Station Research Note C-31. 3 p . 

2.� Bulgrin, E. H., K. A. 1cDonald, and C. L. Vaugh am. 1966. 
V eneer Yields from Lake States Quaking Aspen. United States 
Forest Products Lab oratory Research Paper RPL -59. 8 p . 

3.� Du err , W. A. 1960. Fundamentals of Forestry Economics. 
New York, McGraw-Hill. 579 p . 

4.� Gutt enberg, Sam and W . A. Du err . 1949. A Guide to Profit
able Tree Utilization. U.S. Forest Service, Southern Forest Ex
periment Station Occasional Paper No. 114. 18 p . 

5 .� Herrick, O. W. and W. W. Christensen. 1967. A Cost An
alysis of Chip Manufacture at Hardwood Sawm ills. U.S. Forest 

ervice, Northeast Forest Experi ment Stat ion Research Paper 
NE-69. 14 p. 

6.� Mischen , R. ~ I. , and Rich ard mith. 1964. Sawm ill EtJlciency 
in the Eastern Ozark Region. Missouri Agriculture Experiment 

tat ion Bulletin No. 860. 31 p. 

7.� Hawie, C. D. and J. E. Blyth. 1967. Northern Minnesota Lum
ber Production Declining From 1960 to 1965. U.S. Forest 

Service, North Central Forest Experiment Station Research 
Note NC-30. 4 p. 

8.� Segur, John A. 1967. Protecting Our W ood Supply. Journa l 
of Forestry 65 (7) :458-4 63. 

9. Stone, Robert N. 1966. r\ Third Look at Minnesota's Timber. 
U.S. Forest Service, Nort h Central Forest Experim ent Station 
Resour ce Bulletin NC- 1. 64 p. 

10.� Sudburg, A. E. J. 1966. Poplar Veneer and Plywood Estimat ed 
Produ ction Costs, Septem ber 19, 1966. Canadian Department 
of Industry. Ottawa. 3 p. 

11. Sydn eysmith,� Sam and P. H. Pearse. 1966. Method for Allo
cating Logs Among Several Utilization Processes. Forest Prod 
ucts Journ al 16 ( 9 ):87-98. 

12.� Th ompson, R. D. and H. F. Rathbun. 1966. Markets Available 
for Minnesota Aspen Lumb er. Minnesota Forestry Notes No. 
172. 2 p . 

13.� U.S. Forest Service. 1966. Timber Trends in the United 
States. U.S.D .A., Forest Service, Forest Resource Report 17. 
235 p . 

14.� Wall in, Walter B. 1957. The Influence and Im portance of 
Def ects and Log Grades on Lu mber Grade Y ield from Aspen 
Logs. Ph .D . Thesis. University of Minnesota. 213 p. 

19 


