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The number of sawmills In the coastal lumber-producing area

of British Columbia diminished from 364 In 1955 to 162 in 1968. In

the interior of the province the reduction in plant numbers was from

2125 to 740. Over the same period lumber production In the province

Increased from 4.9 billion to 7.8 billion board feet, so the trend

was to fewer plants of larger capacity per plant. When sawmills were

grouped into eight-hour capacity classes, an application of the

survivor principle, and the Kolmogorov-Smirnov, two-sample statistical

test, indicated that there was a significant (p = .05) difference in

the distribution of sawmills on the coast for the years 1955 and 1968.

In the interior of the province the difference in the distribution of

sawmills for those two years was highly significant (p = .01). The

inference is that in both regions some plants were more economically

viable than others over that period of time. The greatest reduction

in plant numbers on the coast occurred in capacities of 50 thousand

board feet and less per eight hours, whereas the number of sawmills



over 90 thousand board feet per eight hours increased, despite a drop

of over 200 in total number of mills on the coast. In the interior,

the greatest reduction in plant numbers was in the 20 thousand board

feet and less per eight hours class. The most efficient plant sizes

in the interior, on the basis of survival criteria, encompassed a wide

range of capacities In excess of 40 thousand board feet per eight hours.

In 25 of 27 sawmills studied there was a statistically

significant relationship between productivity and log size. The

relationship was variable, but, in most cases, productivity increased

as log size increased. Therefore sawmill capacity, when defined as

lumber output per unit time, is a function of log size. Because of

this, and the fact that not all sawmills can process all log sizes, the

sawmills studied were divided into three groups, with a distinct log

population for each group, for analysis of short-- and long-run cost

curves. The available evidence on costs of labour, power and materials

and supplies indicates that the short-run cost curves for these plants

diminish to plant capacity, If log costs are constant and decreases in

power costs per unit for two-and-three shift operations are greater

than increases in labour costs per unit. Evidence on costs of

management and fixed plant further Indicates that the long-run cost

curve diminishes with Increasing plant scale over the range of scale

studied in each group of plants.

Although increasing economies of production occurred with

Increasing plant scale for the groups of mills studied, factors

affecting the sawmill Investment decision may be associated with some

uncertainty. The theory of decision-making under uncertainty provides

a framework for analysing such investment problems. The application of



this theory to the small-log mill group studied indicated that the

optimum strategy, based on return on investment criteria, depended on

the probable supply of small logs to be expected over the life of the

investment. The methodology of modern decision-making theory

facilitates investment analysis where there are several chance events

which may affect the decision; thus it is suggested that this method-

ology he more widely used in sawmill investment analysis.
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ECONOMIES OF SCALE IN SAWMILLING IN BRITISH COLUMBIA

I The Importance of Sawmilling in B.C.

The sawmilling industry has long been the most important

manufacturing industry in the province of British Columbia. Despite

this fact there is no evidence of any attempt to derive the shape of

the short-run average cost curve for the firm or the long-run average

cost curve for the industry. Both of these have implications for

optimum output for a given plant and optimum scale of plant for a

given output. In the belief that an analysis of economies of scale

will be useful to the industry for planning investment spending, it is

proposed here to investigate the nature of the planning curve for saw-

mills in B.C. Prior to embarking on the analysis, however, some

perspective on the industry in B.C. would be advantageous.

Table 1 gives statistics on the acreage of the province.

Fifty-nine percent of the total area of BC. is forest land; of this,

46 percent is in mature timber and 45 percent in immature. The B.C.

Forest Service manages 95 percent of the total forest area in the

province with the remainder held privately or by the Federal govern-

ment. The B.C. Forest Service disposes of mature timber on areas

controlled by it through the medium of tree farm licences, timber

sales, or leases of one kind or another. Stumpage is assessed on the

basis of current market value for logs on the coast or of end product

in the interior. Table 2 shows the distribution of forest land

between the coast and the interior and the classification of forest

acreage in both regions. Table 3 shows the distribution of mature



TABLE 1 Area Statistics for British Columbia1

Forest Land: Area in Acres

Cover Type

Mature 63,031,061

Immature 62,275,206

Residual 419,931

N.S.R.2 9,347,549

3,293,754

Total Forest Land 138,367,501

Non-Forest Land 95,760,697

TOTAL AREA 234,128,198 acres

Source: Forest Inventory Statistics of British Columbia. British
Columbia Forest Service, Victoria. 1967.

Not Satisfactorily Restocked.

Non-Commercial Cover.

2



TABLE 2 Distribution and Classification of
Forest Land in British Columbia1

1.
Source: Forest Inventory Statistics of British Columbia.
1967.

3

Coast Interior Total

Cover Type Areas in thousands of acres

Mature 13,452 49,579 63,031

Immature 4,402 57,873 62,275

Residual 22 398 420

N.S.R. 933 8,415 9,348

N.C. 527 2,766 3,293

TOTAL 19,336 119,031 138,367



TABLE 3 Distribution of Mature Volume by Species -
Province of British Columbia1

(volumes 7.l"+ dbh)

1.
Source: Forest Inventory Statistics of British Columbia. 1967.

4

Conifers

Coast

Volumes

Interior

Cubic

Province

261,312.7

10,651.7

45,771.8
24,136.4
20,530.2
6,077.1
4,075.6

589.3
289.9

0.6
-

in Million feet

112,122.6

8,490.6

13,562.9
4,601.6

27,691.2
59,051.7

80

34,075.0
711.8
347.4
649.9

149,190.1

19,142.3

59,334.7
28,738.0
48,221.4
65,128.8
4,083.6

34,664.3
1,001.7

348.0
649.9

Douglas-fir
Wes tern

hemlock
Red cedar
Balsam
Spruce
Yellow cedar
Lodgepole

pine
White pine
Yellow pine
Larch

Sub-Total

Broad-Leaved

286.8
225.6
40.4
16.5
3.8

6.7
1,818.2

-
643.6

4,280.3

293.5
2,043.8

40.4
660.1

4,284.1

Alder
Cottonwood
Maple
Birch
Aspen

Sub-Total 573.1 6,748.8 7,321.9

TOTAL 112,695.7 155,938.9 268,634.6
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volumes by species for the two regions and for the province.

Possible allowable annual cuts, as given in the 167 Forest

Inventory of B.C. by the B.C. Forest Service, together with the actual

cut in 1968 are showr in Table 4. As is evident, the actual Cut ffl

1968 was approximately half the possible allowable for the province as

a whole. The coast cut was 80 and the interior cut 34 percent of their

respective possible allowable. Table 5 is of interest in that it shows

Douglas-fir is being cut proportionately more than other species

relative to inventory. The predominance of hemlock on the coast and

spruce in the interior in the 1968 cut shows these to he the two most

important commercial species.

Table 6 shows the production of the major forest products in

B.C. from 1952 to 1968, while Table 7 shows the growth rate for these

products over the period 1954 to 1968. Lumber production grew at a

rate of four percent per annum over the 15 years from 1954-68, six

percent per annum from 1959-68, and at only two percent per annum from

1964-68. Plywood has also slowed in growth from averages of eight and

seven percent per annum in the 15- and 10-year periods, respectively,

to four percent per annum in the five years from 1964-68. Pulp and

paper have both been fairly consistent with growth rates around nine

and five percent per annum, respectively, for the last 15 years.

Despite its slower growth, however, lumber is still the

number one industry in the province. It ranks first among foreign

exports from B.C., as may be seen in Table 8. In 1969 the value of

lumber exports was 1.5 times that of pulp, 3.1 times that of newsprint



TABLE 4 Possible Allowable Annual Cut to 6-inch
Top Diameter and Actual Cut in 1968 for

British Columbia

Possible Allowable Actual Cut Actual as

Cut
1

1968
2

Percent of
NM. Cu. ft. NM. cu.ft. Possible

Coast 1,230.6 984.8 80

Interior 2,135.6 717.6 34

Province 3,366.2 1,702.4 51

Source: Forest Inventory Statistics of British Columbia. 1967.

Source: British Columbia Forest Service Annual Report. 1968.

6



TABLE 5 Comparison of Composition of 1967 B.C.F.S.
Inventory Volumes1 to Composition of 1968

Cut for Selected Species in B.C.2

Source: Forest Inventory Statistics of British Columbia. 1967.

2.
Source: British Columbia Forest Service Annual Report. 1968.

7

Coast Interior Province

Percent
of

Inventory

Percent
of

1968 Cut

Percent
of

Inventory

Percent
of

1968 Cut

Percent
of

Inventory

Percent
of

1968 Cut

Douglas-
fir 9.5 21.5 5.4 22.3 7.1 21.9

Wes tern

hemlock 40.6 36.7 8.7 7.0 22.1 24.2

Red cedar 21.4 19.8 3.0 4.7 11.0 13.4

Balsam 18.2 14.7 17.8 5.8 18.5 11.0

Spruce 5.4 4.4 37.9 40.9 24.9 19.8

Yellow
cedar 3.6 1.4 - - - 0.8

Lodgepole
pine - - 21.9 15.8 13.3 6.7



TABLE 6 British Columbia Major Forest Products 1952_19681

Source: British Columbia Financial and Economic Review, July, 1969.
Dept. of Finance, Victoria, B.C.

Conversion Factors: Coast 6 board feet = 1 cubic foot.

Interior 5.75 board feet = 1 cubic foot.

Preliminary.

8

Timber
Scaled

2
(MM. fbm.)

Lumber
Production
(MM. fbm.)

Plywood
Production
(NM. sq.ft.
3/8")

Pulp
Production
(1,000 Tons)

Paper
Production
(1,000 Tons)

1952 4938.0 3696.6 368 915 540

1953 5291.6 4045.7 496 1071 633

1954 5567.4 4378.7 570 1277 683

1955 6109.2 4914.3 755 1364 725

1956 6307.3 4735.0 853 1424 750

1957 5661.8 4412.4 810 1376 742

1958 4349.5 4849.9 983 1454 829

1959 6176.2 4948.6 956 1927 1048

1960 7074.5 5305.1 1056 2124 1150

1961 6875.2 5619.7 1215 2256 1136

1962 7917.7 6003.9 1292 2411 1201

1963 8675.8 6734.1 1345 2501 1240

1964 8916.0 7095.3 1516 2827 1352

1965 9030.0 7449.0 1615 3275 1539

1966 9441.5 7319.1 1629 3669 1688

1967 9267.4 7312.0 1716 3842 1651

1968 10035.3 7846.6 1847 4289 1705



TABLE 7 Rate of Growth (Average Percent per Annum) for
Major FbrestPrOdtrnts inB.C,l954to 1968

Product

Period Lumber Plywood Pulp Paper

Average Growth Rate Percent per Year

9

1964-1968 2 4 3 5

1959-1968 6 7 9 5

1954-1968 4 8 8 6



TABLE 8 Foreign Exports of Principal British
Colunthia Products, 1969

Source: British Columbia Financial and Economic Review. Dept. of
Finance, Victoria, B.C. 1970.

10

Product Value
(Millions of

Dollars)

Percent of
Total Value
of Exports

Lumber 552.7 27.9

Pulp 364.2 18.4
Newsprint 178.5 9.0
Aluminum ingots 132.5 6.7

Copper in ores and concentrates 96.0 4.8
Fish products 68.6 3.5
Zinc ores and ingots 46.9 2.4

Molybdenum concentrates 46.8 2.4

Cedar shingles and shakes 45.6 2.3

Fir plywood 42.9 2.2

Natural gas 40.1 2.0

Chemical fertilizers 28.4 1.4

Lead ores and ingots 26.3 1.3
Asbestos 21.0 1.1
Iron ore and concentrates 18.6 0.9

Logs, poles, and pulpwood 16.8 0.8
Crude petroleum 14.5 0.7
Apples 8.9 0.4

Pulpwood chips 5.2 0.3
All other products 226.8 11.5

TOTAL 1,981.3
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and 12.9 times that of fir plywood, as shown in Table 9. Six in every

ten export dollars are generated by forest products and three in every

ten by lumber alone. The selling value of factory shipments in B.C. in

1967 was 3,202 million dollars or 47 percent of the gross provincial

product in that year. Of the above 3,202 million dollars in factory

shipments, wood manufacture ranked first, accounting for 900 million

dollars or 28 percent of the total. It exceeded food and beverages

which ranked second and paper and allied products which ranked third,

by 325 and 340 million dollars respectively. An estimate by the

Dominion Bureau of Statistics (Cat. No. 61-205, 1969) was for a capital

and repair expenditure of 108.3 million dollars in the wood manu-

facturing industry for 1969 alone. This represents an annual rate of

increase of 26 percent since 1967 and 26 percent of estimated total

manufacturing capital and repair spending in 1969. In addition, lumber

production in B.C. currently accounts for between 70 and 80 percent of

total production of lumber in Canada.

Thus, given the importance of the industry to B.C. and Canada

and the fact that considerable sums of new capital are annually being

invested in the industry, I think it both timely and of practical value

to investigate economies of scale in sawmilling in B.C. The approach

is to review the accepted theory of economies of scale in Section II;

to apply the survivor technique for estimating optimum scale in Section

III; to present empirical evidence of productivity of plants of

different capacity based on current sawmilling techniques in Section IV;

to use these data in deriving short-run average cost curves for



TABLE 9 Foreign Exports of Forest Products
from British Columbia in 1969

12

Product Exports Percent of Total Forest

.($ ) Products Exports

Lumber 552.7 45.8

Pulp 364.2 30.2

Newsprint 178.5 14.8

Fir Plywood 42.9 3.6

Cedar Shingles and Shakes 45.6 3.8

Logs, Poles and Pulpwood 16.8 1.4

Pulpwood Chips 5.2 0.4

TOTAL .1,205.9
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diUeent scales of plant and thence the shape of the long-run average

cost curve for the industry in Section V; and finally, in Section VI,

to examine the factors surrounding the selection of optimum scale of

plant with special reference to conditions in B.C. Throughout, the

plant -- not the firm -- will be the object of analysis.



II Theory and Discussion of Economies of Scale

Economies of scale in economic theory is a long-run concept.

The long-run is considered to be that period of time sufficient to per-

mit adjustment of the scale of operation. Traditional treatment of

economies of scale in economic texts usually postulates a long-run

average cost (LRAC) curve convex to the scale axis as shown in Figure 1.

Reasons given for the negatively sloping portion of the curve include:

division and specialization of labor as plant size increases,

improved harmonization of specialized equipment as plant size

increases, (3) cost of purchase and installation of machinery increases

less in proportion to increase in machine capacity, (4) economies

associated with large-scale purchases, (5) qualitative as well as

quantitative improvement in output as plant scale increases, (6) lower

administrative, costs per unit of output as scale increases.

The theory tendered for the increasing portion of the LRAC

curve is that as the scale of plant expands beyond a certain size, top

management has to delegate authority to lower echelon employees. As a

result contact with the daily routine of operation tends to be lost,

efficiency of operation declines, and unit costs increase. This theory

has been criticized as surmise, unsupported by observation; others

claim that no limit is set on size of organization if correct principles

are followed by a manager in delegating control.

The LEAC curve is considered to be the envelope of many short-

run average cost (SRAC) curves, each one corresponding to a plant or

firm of different size. SRAC curves are intimately related to a firm's

14
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production function. Production functions relate output per unit of

time to input per unit of time. Assuming one variable input, a pro-

duction function with increasing and then decreasing average and

marginal product of the variable input yields the cost-output structure

of Figure 2. A production function with decreasing average and marginal

product of the variable factor gives the cost structure in Figure 3. A

third hypothesis about short-run production functions is that the

average and marginal product of a variable input is constant so that

cost curves are as depicted in Figure 4. Changes in variable input

costs per unit of output would affect the position and shape of the cost

curves, although the product curves would remain unchanged.

The traditional treatment emphasizes the SRAC curve of Figure

2 and the LRAC curve of Figure 1. In the long-run the entrepreneur is

able to vary the levels of his fixed inputs, and therefore is able to

select a particular short-run cost function from the LRAC or planning

curve. Ferguson (1966) has the following proposition:

"Long-run equilibrium for a firm in perfect compe-
tition occurs at the point where price equals
minimum long-run average cost. At this point
minimum short-run average total cost equals minimum
long-run average total cost, and the short- and
long-run marginal costs are equal. The position
of long-run equilibrium is characterized by a no
profit situation - the firms have neither a pure
profit or a pure loss, only an accounting profit
equal to the rate of return obtainable in other
perfectly competitive industries."

Assume that the three plants of Figure 5 represent firms in a

perfectly competitive industry. At price P1 the firms are making short-

run pure economic profits, which are considered as profits in excess of

some allowance for normal profit. In such a situation new firms are
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attracted to the industry. The industry supply curve moves to the right

and failing any change in the product demand schedule, price falls.

Thus if supply increases from S1 to S2 in Figure 5 and there is no

change in D, price will faIl from P1 to P2. Now these firms are

operating at a loss. This results in some firms leaving the industry,

such as that represented by SRAC1 producing quantity q1. The industry

supply schedule shifts from S2 to S3 and price rises to P3 barring any

shift in D. At output q3 for firms represented by SRAC3, price P3

equals minimum LRAC, minimum SRAC, and short- and long-run marginal

costs. There are no pure profits and no incentive to join the industry.

The requirements for long-run equilibrium in a perfectly competitive

industry are fulfilled at this point and the optimum size of firm is

that represented by SRAC3. So at long-run equilibrium all of the firms

in a perfectly competitive industry will be of this same size.

However, empirical observations of plant size in perfectly

competitive industries have prompted the hypothesis by several

economists that the LRAC curve is of the shape depicted in Figure 6.

Here there is no single scale of plant with minimum long-run average

costs. All of the economies of scale have been captured by SRAC3 and

are maintained over a range of possible plant sizes. Johnston (1960)

expertly summarized what he called the "main empirical studies of cost

functions made in the last 20 years". He included 31 studies of cost

functions and his conclusion was that the various short-run studies

more often than not indicated constant marginal cost and declining

average cost for the data analyzed. The L-shaped pattern of the
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long-run average cost was the preponderant shape to emerge.

ii extensive article by Walters (1963) cites some 345 works

related to theoretical and empirical studies of cost curves and scale.

A few studies of short-run cost curves of public utilities suggested

that short-run average cost decreases to capacity, and that over the

observed range of output, marginal cost is constant. The evidence for

constant marginal costs up to capacity for several industries was strong,

but, Walters suggested, not overwhelming. He also concluded that

declining long-run average costs as output increased is clearly

established only for public utilities. The evidence for economies of

large scale in manufacturing industries was inconclusive; and, although

in these industries "the U-shaped hypothesis does not inspire great

confidence...,.at least there is no body of data which convincingly

contradicts the hypothesis of a U-shaped long-run cost curve....t'.

One technique for analyzing economies of scale, which differs

from the method of cost comparisons based on engineering or cost

accounting data, is that used by Stigler (1958). This is known as the

survivor technique. Stigler pointed Out that there are a host of

valuation problems associated with cost comparison techniques,

accentuated by the variable role of capital markets in effecting

re-evaluations and by variable accounting practices. He then suggested

that the survivor technique of assessing economies of scale is best

because an optimum size that cannot survive in rivalry with other sizes

is a contradiction. The survivor technique consists in comparing

frequency distributions of number of firms or plants in various size
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classes at different periods of time and drawing conclusions about opti-

mum size based on growth of numbers within a size class.

Johnston (1960) believed the survivor technique was valid only

when firms in an industry are in effective competition within a single

market area, so that none can take refuge behind spatial or product

differentiation barriers. He stated that it also assumed that

efficiency in survival is directly correlated with long-run average

costs.

Thus some of the techniques that have been used to estimate

economies of scale for various industries include (1) cost analysis

based on cross-section comparisons of costs, (2) time series analysis of

costs, (3) questionnaires put to supposedly knowledgeable people in the

industry, (4) cost synthesis based on engineering data and (5) the

survivor technique. All have their shortcomings, and there is no con-

clusive evidence of the superiority of any one method over the others.

The pitfalls and difficulties connected with time-series and cross-

section analyses are well documented by Walters (1963), Johnston (1960)

and Hoch (1962). The questionnaire method has been little used and is

not considered to be of much value by many economists, who are of the

opinion that business men are not really too aware of the shape of their

objective cost functions. Engineering data have been used with some

success to obtain plant process functions and subsequently plant cost

functions. In my opinion engineering data offer one of the most fruit-

ful avenues for exploration of economies of scale in sawmilling.

Apart from any other reasons, time-series and cross-section

studies meet with difficulty in the sawmilling industry because log
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input is nonhomogeneous within a plant over time, and between plants at

a given time. Thus, even if the same lumber product were being produced,

it is extremely unlikely that similar log populations were used to

produce that product. If processing time per unit vlume of lumber is a

function of log size, as is normally assumed in the sawmilling industry,

then changes in log sizes would result in changes in processing times

and production costs per unit volume, all else being equal.

The survivor technique has merit, bearing in mind Johnston's

(1960) reservations about effective competition, and is easy to apply

if the data are available. However, the engineering data from which

process functions are derived appear to me to yield much more useful

information than does the survivor technique. Consequently, after

examining the implications of the survivor technique applied to B.C.

data, I shall investigate the implications of process functions derived

from sawmill engineering data.



III The Survivor Approach to Optimum Scale

Stigler (1958) stated:

"The survivor technique avoids both the problems
of valuation of resources and the hypothetical
nature of the technological studies. Its funda-
metital postulate is that competition of different
sizes of firms sifts out the more efficient
enterprises. In the words of Mill, who long ago
proposed the technique:

'Whether or not the advantages obtained by
operating on a large scale preponderate in any
particular case over the more watchful attention,
and greater regard to minor gains and losses
usually found in small establishments, can be
ascertained, in a state of free competition, by
an unfailing test....Wherever there are large
and small establishments in the same business,
that one of the two which in existing circum-
stances carries on the production at the greater
advantage will be able to undersell the other.' ".

Stigler further stated:

"Mill was wrong only in suggesting that the
technique was inapplicable under oligopoly, for
even under oligopoly the drive of maximum profits
will lead to the disappearance of relatively
inefficient sizes of firms."

Moroney (1969) stated:

the survivor technique involves the
comparison of the size distribution of plants (or
firms) in an industry at two or more points in
time. The underlying theory is that changes in
the distribution will indicate the optimum size
(or range of size) because existing plants and new
ones will tend toward that size (or range) having
minimum average costs."

As noted above, Stigler believes the survivor technique to be

applicable under perfectly competitive and oligopolistic industry

structures. An oligopolistic industry is usually defined as an industry

26
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with a few large sellers. Examples cited are the automobile industry,

the cigarette industry, the steel, industry and the oil industry.

Table 10 shows the distribution of lumber firms in B.C.

classified on the basis of 1969 lumber production. Ninety firms with

155 plants produced more than five million board feet of lumber each in

that year, for a total of 6745 million board feet. Considering that

there were around 900 enterprises in the business in 1969, there was

some degree of concentration in production, with the 18 largest firms

producing 59 percent of the total output.

However, B.C. is largely a lumber-exporting province, compet-

ing for orders in world markets. Table 11 shows the distribution of

B.C. lumber exports from 1950 to 1967. The U.S. was, and still is, the

chief market for B.C. lumber; but rarely does B.C. lumber imported to

the U.S. constitute more than ten percent of total U.S. softwood

production. In the U.K. and the E.C.M., B.C. competes with European

lumber producers such as Finland, Sweden, Russia, and Poland. In 1969

Canada ranked fourth behind Sweden, the U.S.S.R. and Finland in volume

of softwood lumber imported by the U.K. Twelve percent of the volume

imported by the U.K. from these four countries was supplied by Canada

(Timber Trades Journal, July 25, 1970, p. 42).

Most of waterborne sales from B.C. are conducted through the

major agencies of MacMillan Bloedel, Seaboard and Eacom. Much of the

selling in the interior is done through brokers. In both of the above

cases the sellers make no contact with the buyers and the buyers do not

know the individual sellers. In other words there is no advantage to



TABLE 10 Firms,Sawmilis and Outputin the B.C.
Lumber Industry in 19691

Sources: 1. Forest Industries 1970 Buyers' Guide
and yearbook.

British Columbia Forest Service Annual
Report, 1969.

Council of the Forest Industries of
British Columbia Annual Report, 1969.
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Firmst
Prodn.
Class
(MM fbm)

Number
of

Firms

Number
of

Sawmills

Total
Prodn.
(NNfbm)

100 + 18 68 4525
50-99 19 27 1145
25-49 18 25 661
10-24 22 22 320
5-9 13 13 94

Total with
prodn. of
5MN+ 90 155 6745

Total in B.C. N.A.
9742 7723



TABLE 11 Production and. Distribution of B.C. Lumber
for Selected Years 1950-1967

Year Production Destination
(i1M fbm)

'U.S. U.K. E.C.N. Japan Oceania Other Canada

Export

Distribution as Percentage of Production

Source: Selected Forest Industry Statistics of British Columbia
1950-1967. Dept. of Industrial Development, Trade and
Commerce, Victoria, B.C.
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1950 3509 70.7 4.7 0.3 * 2.8 3.6 17.9

1955 4914 57.2 12.9 0.3 * 3,4 5.2 21.0

1960 5305 56.4 10.3 0.8 * 2.6 4.3 25.6

1965 7448 53.6 9.7 2.2 2.6 1.9 3.2 26.8

1966 7443 51.2 7.7 2.2 3.7 1.8 2.0 31.4

1967 7152 55.3 9.7 2.3 6.8 2.1 2.2 216
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individual sellers in the. above situation. There are. firms which do

some or all of their own marketing and some which specialize in limited

markets. There may be advantages to individual sellers in the short-run

in these situations but by far the bulk of the lumber produced in B.C.

is sold in commodity markets where there are a great number of buyers

and sellers. In my opinion the action of any one firm in these major

markets would have no discernible effect on market price.

In short, I think the lumber industry inB.C. approaches the

concept of a purely competitive industry more closely than it does any

other industry structure, and I am not aware of any constraints that

preclude analysis of economies of scale using the survivor technique.

There is little published work available on economies of scale

in the lumber industry in North Aanerica and none available for B.C.

Taken in chronological order, Zaremba (1963) noted that there was a trend

away from both large and small mills to medium size mills in the United

States. Based on the opinions of industry representatives he indicated

"optimum units" as being between 80 to 120 N board feet of production

daily in the West and between 15 to 20 H in the East. Pedkiw (1964)

showed that mills of capacity from 80 to 119 H per day in the Douglas-

fir subregion (Western Washington and Western Oregon) showed an increase

in percent of regional capacity from 1951 to 1960. He noted that mills

in this class seem to have been well adapted to economic conditions in

the postwar period in that area of the U.S. Head (1966) used the

survivor technique, personal interviews with consulting engineers, what

he calls a deductive approach, and a cost estimation approach to come
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to the conclusion that the medium and medium-large range is optimal.

This range, he stated, varies from 60,000 to 140,000 board feet per

eight-hour capacity. Re noted that very small mills (less than 40,000

feet per eight-hour capacity) are not effective competitors and that

very large plants appear to be inefficient. His analysis was for the

Douglas-fir lumber industry.

Zaremba and Fedkiw intimate that per unit costs of production

are lowest in sawmills with capacities from 80 to 120 H fbm lumber daily.

Head's lowest per unit costs are for capacities from 60 to 140 H fbm

per eight-hours. Thus all three suggest a long-run average cost curve

that is flat over their optimum ranges and rises on either side of the

optimum, such as was shown in Figure 6.

Table 12 lists the number of sawmills in B.C. from 1945 to

1968 (B.C.F.S. Annual Reports). The post World War II years saw a

tremendous growth in sawmill numbers as the suppressed demand of the

war years for consumer goods was unleashed. Many new firms entered the

sawmilling industry until in 1955 there was a maximum number of 2489

sawmills operating in the province. After 1955, however, the trend

reversed, until in 1968 there were 902 operating sawmills in B.C. This

decrease in the number of operating sawmills was negatively correlated

with increases in lumber production in B.C., 4.9 billion board feet in

1955 to 7.8 billion in 1968. Thus fewer sawmills were producing more

lumber, which implies a change in the size distribution of sawmills

since 1955.



TABLE 12 Numberof Operating Sawmills in British
umbiaroml945 to 19681
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Year Number of Yar Number of
SawxnillsSamtfls

1945 931 1957 2255

1946 1228 1958 2010

1947 1634 1959 2005

1948 1671 1960 1938
149 1671 1961 1778
1950 1826 1962 1627
1951 2100 1963 1541
1952 2223 1964 1417

1953 2413 1965 1191
154 2346: 1966 1116

1955 2489 1967 931
1956 2435 1968 902

1. Source: B.C.F.S. Annual Reports.
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The province is composed of five Forest Districts for admini-

strative purposes. The Vancouver Forest District and part of the Prince

Rupert Forest District comprise the coastal timber producing area. The

remainder of the Prince Rupert District, plus the Kamloops, Prince

George and Nelson Forest Districts comprise the interior producing area.

Table 13 shows luther production for selected years from 1955 to 1968

for the B.C. coast and interior. Average annual growth in output was

approximately three percent on the coast and four percent in the

interior. Generally speaking, coastal lumber markets are the U.S.

Atlantic seaboard and overseas shipments, whereas the interior supplies

mostly the Canadian prairies and the U.S. mid-west. Thus, on this

basis, plus the fact that species mix and average tree sizes are

different, it would be logical to treat the coast and the interior

separately for analysis of scale using the survivor technique.

B.C.F.S. Forest District data on number of mills and eight-

hour capacities give the distribution of mills by 10 N fbm capacity

classes for 1955 and 1968, shown in Tables 14, 15 and 16 for the coast,

the interior and all of B.C. respectively. Casual inspection of these

tables indicates there has been a change in the distribution of sawmills,

with. a movement from th.e lower capacities to the medium and upper

capacities.

It is possible to test statistically the hypothesis that the

distribution of mills in 1955 is the same as that for 1968. The test

is known as the Kolinogorov-Smirnov two-sample test (Siegel, 1956,

127-36):



TABLE 13 Lumber Production for British Columbia
Coastand- Interior Producing Areas for

Yeats I955l968

Year Production fbm Lumber

1. Source: Council of Forest Industries of B.C.
Annual Report 1968.
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Coast Interior

1955 2756 2158

1960 2850 2455

1965 3649 3799

1966 3681 3762

1967 3913 3239

1968 4144 3702



TABLE 14 Distribution of Sawmills by Capacity Divisions
of 1OM fbm Lumber per Eight-Hours for B.C

Coast 1955 and 1968

1955 1968

Capacity No. Per- Gum. No. Per- Cum.
M fbm lbr. Mills cent Per- Mills cent Per-
per 8 hrs. Total .cent Total cent
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0-10 239 65.66 65.66 102 62.96 62.96

11-20 39 10.71 76.37 7 4.32 67.28

21-30 18 4.94 81.31 5 3.09 70.37

31-40 14 3.85 85.16 5 3.09 73.46

41-50 19 5.22 90.38 3 1.85 75.31

51-60 4 1.10 91.48 3 1.85 77.16

61-70 2 .55 92.03 3 1.85 79.01

71-80 2 .55 92.58 2 1.23 80.24

81-90 92.58 80.24

91-100 3 .82 93.40 5 3.09 83.33

101-110 1 .27 93.67 3 1.85 85.18

111-120 2 .55 94.22 2 1.24 86.42

121-130 1 .28 94.50 2 1.23 87.65

131-140 94.50 2 1.24 88.89

141-150 5 1.37 95.87 2 1.23 90.12

151-160 1 .27 96.14 90.12

161-170 1 .28 96.42 90.12

171-180 3 .83 97.25 1 .62 90.74

181-190 1 .27 97.52 90.74

191-200 2 .55 98.07 2 1.24 91.98
200+ 7 1.93 100.00 13 8.02 100.00

Total 364 162



TABLE 15 Distribution of Sawmills by Capacity Divisions
of 1QM.fbm.Lumber per. Eight Hours for B.C

InterIor 1955 and 1968

1955 1968

Capacity No. Per- Cum. No. Per- Cum.
N fbm lbr. Mills cent Per- Mills cent Per-
per. 8.hrs. ........... Total. cent ..... Total cent
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0-10 1710 80.47 80.47 491 66.35 66.35
11-20 329 15.48 95.95 102 13.78 80.13
21-30 42 1.98 97.93 44 5.95 86.08
31-40 26 1.22 99.15 30 4.05 90.13
41-50 10 .47 99.62 23 3.11 93.24
51-60 5 .23 99.85 13 1.76 95.00
61-70 1 .05 99.90 10 1.35 96.35
71-80 99.90 10 1.35 97.70
81-90 1 .05 99.95 2 .27 97.97
91-100 1 .05 100.00 6 .81 98.78

101-110 1 .13 98.91
111-120 1 .14 99.05
121-130 2 .27 99.32
131-140 2 .27 99.59
141-150 2 .27 99.86
151-160
161-170 1 .14 100.00
171-180
181-190
191-200

Total 2125 740



TABLE 16 Distribution ofSawmills by Capacity Divisions
of 10M..fbniLumberperEight Hours for All

of B.C. 1955 and1968

I955 1968

Capacity No. Per- Curn. No. Per- Cum.

M fbm lbr. Mills cent Per- Mills cent Per-

per 8hrs. -Total--cent Total cent

37

0-10 1949 78.30 78.30 593 65.74 65.74

11-20 368 14.79 93.09 109 12.08 77.82

21-30 60 2.42 95.51 49 5.43 83.25

31-40 40 1.61 97c12 35 3.88 87.13

41-50 29 1.16 98.28 26 2.88 90.01

51-60 9 .36 98.64 16 1.77 91.78

61-70 3 .12 98.76 13 1.44 93.22

71-80 2 .08 98.84 12 1.33 94.55

81-90 1 .04 98.88 2 .22 94.77

91-100 4 .16 99.04 11 1.22 95.99

101-110 1 .04 99.08 4 .45 96.44

111-120 2 .08 99.16 3 .33 96.77

121-130 1 .04 99.20 4 .45 97.22

131-140 99.20 4 .45 97.67

141-150 5 .20 99.40 4 .45 98.12

151-160 1 .04 99.44 98.12

161-170 1 .04 99.48 1 .11 98.23

171-180 3 .12 99.60 1 .11 98.34

181-190 1 .04 99.64 98.34

191-200 2 .08 99.72 2 .22 98.56

200+ 7 .28 100.00 13 1.44 100.00

Total 2489 902



"To apply this test a cumulative frequency
distribution is calculated for each sample
of observations, using the same intervals
for both distributions. For each interval
one step function is subtracted from the
other. The test focuses on the largest of
these observed deviations. Let Sn (x) =
the observed cumulative step funcdon of
one of the samples, that is Sn1(x) = K/n1
where K = the number of scores equal to or
less than x. And let Sn (x) = the cumu-
lative step function of he other sample,
that is Sn2(x) = K/n2. Now the Kolniogorov-
Smirnov two-sample test focuses on
B = maximum

I
Sn1(x) - Sn2(x) for a two-

tailed test".

The sampling distribution of B is known and the null

hypothesis is that B max. < B critical at a predetermined probability

level. The results of the test applied to the data of Tables 14, 15

and 16 are shown in Table 17. The null hypothesis is that there is no

significant statistical difference in the distribution of sawmills from

1955 to 1968.

The null hypothesis was rejected for the coast at p .05,

indicating that the distribution of sawmills on the coast in 1968 was

significantly different statistically from what it was in 155. Table

14 shows that the loss in sawmill numbers on the coast occurred in the

under 90 thousand board feet per eight hour classes, with the over 90's

experiencing an increase in numbers despite the overall decrease of

202 mills in total. The implication from the survivor principle is

that the larger capacity mills were more efficient in that period on

the coast.

The null hypothesis was rejected for the interior and for the
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total mills in B.C. at p = .01. Table 15 shows that all of the losses



TABLE 17 Results of Kolmogorov-Smirnov Test Applied to Sawmill
Populations Divided by iON fbm Lumber per Eight-Hour

Capacity Classes, 1955 and 1968

Coast Interior B.C.

Maximum P' .1507 .1582 .1527

Critical D2 (p = .01) .1549 .0685 .0636

Critical D3 (p = .05) .1285

Null Hypothesis4 Not Rejected Rejected

at p = .01 Rejected

p = .05 Rejected

Maximum D = Maximum I Sn(x) - Sn2(x)

where Sn1(x) = K/n1

Sn2(x) K/n2

K = number of scores < x

= number of observations 1955

number of observations 1968

Critical 1) (p = .01) = 1.63 i(n1 + n,) / (n1n2)]5

Critical D (p = .05) = 1.36 [(n1 + n2) / (n1n2)]'5

Ho: Rejected if maximum D > critical D

Not rejected if maximum D < critical D

39
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in sawmill numbers in the interior were experienced in the 20 N fbin and

under capacities. The greatest increase in numbers was in the over

40 N capacity classes and maximum capacity increased from 100 N in 1955

to 170 N in 1968. Thus, on the basis of survival criteria, the most

efficient sawmill sizes in the interior encompassed a wide range of

capacities in excess of 40 N fbm per eight hours.

Table 16 shows that -- despite the decrease in total number

of mills in B.C. from 1955 to 1968, the number in excess of 50 N

capacity per eight hours more than doubled -- from 43 in 1955 to 90 in

1968.



IV Sawmill Productivity and Capacity

Published research results usually indicate that sawing time

per log increases with log diameter and length, and sawing time per M

fbm lumber decreases as diameter and length increase. Such trends were

shown by Matson (1952), Lodewick (1941) and Bruce (1961) for band saw-

mills. Walters (1960) showed lumber production per hour to increase

with diameter in two of three band mills studied. In the third, pro-

duction was relatively constant as diameter increased. McBride (1949)

and Rapraeger (1932) showed that for circular sawmills saw time per M

fbin lumber decreased as diameter and length increased.

Few sawmill studies to date have incorporated tests of

significance to indicate the importance of log population parameters in

rate of production. The study by Bruce is the only one of the above

which did, and he indicated a significant positive correlation between

log diameter and production per hour. Published information on the

capabilities of the various mill types in British Columbia is sparse.

Production data are necessary for assessment of economies of scale.

Accordingly, I conducted a series of studies of the production

characteristics of various types of sawmill under the auspices of the

Vancouver Forest Products Laboratory.

Some of the mills studied were located on the BC. coast, the

remainder were in the interior. Those on the coast were producing

mostly dimension lumber (2-inch nominal) from western hemlock (T$uga

heterophylla (Raf.) Sarg.). The mills in the interior were also

producing mainly dimension, the majority from Douglas-fir (Pseudotsuga
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meniesii (Mirb.) Franco), with some from western white spruce (Picea

glauca (Moench) Voss var. czibertiana (S. Brown) Sang.), lodgepole pine

(Pinus contorta Dougl. var. latifolia Engeim.) and alpine fir (Abies

lasiocarpa (Hook.) Nutt.)

Each log sampled was scaled according to the B.C. cubic scale

which estimates cubic volume using the Smalian formula

V = 0.5 (A1 + A2) L,

where V is volume in cubic feet,

L is log length in feet, and

A1 and A2 are end surface areas in square feet.

The sample logs were timed through the headrig with the number of turns

on the carriage and passes through the headsaw being recorded where

applicable. The complexity of the lumber flow in some of the sawmills

made it impossible to tally the lumber from individual logs. In others

the lumber was tallied, and based on these and other yield data

presented in the literature, estimates of lumber yield were made for

each sawmill type; these are discussed later.

Factors that affect the processing time per lineal foot of

log in conventional band and circular mills are numerous. mong them

are the number of turns of the log on the carriage and the number of

passes through the headsaw. It is usually necessary that both these

variables be increased with log diameter. Thus time per lineal foot of

log at the headrig also usually increases with log diameter. Average

depth of cut normally increases as diameter increases and carriage feed

speed decreases as depth of cut increases, further contributing to an

increase in saw time per lineal foot of log as diameter increases.
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A typical set of values of feed speed and depth of cut related to log

diameter is shown for a band sawmill in Figure 7.

Variability in processing time for logs of a given size

within and between mills can be caused by variability in the above-

mentioned factors. Number of turns and cuts at the headrig depend

partially on log characteristics, instructions to the sawyer, supple-

mentary conversion equipment and probably even the mood of the sawyer

on that particular day. Table 18 shows a comparison of number of turns

and cuts per log for two sawmills and indicates why there would be

variability in processing time within log sizes within and between

sawmills. The averages in Table 18 indicate that, given the same rate

of feed, processing time per log of a given size would be less in mill

3 than in mill 14. Both average turns and cuts are less in each

diameter class in the former. The ranges shown in Table 18 indicate

also that a certain amount of variability is to be expected within

diameter classes in either of these sawmills.

Figures 8 and 9 show the variability in processing rate

within diameter classes for two band and two circular mills respective-

ly. In the band mills there seems to be no definite trend between log

diameter and processing rate. This is confirmed by a look at the

partial correlation coefficients of Table 19. None of the partials

between diameter and processing rate was significant for any of the

band mills, indicating that processing rate in cubic feet of log per

minute was independent of log diameter in each of these mills. The

partial coefficients for circular mills 13 and 14 were significant, but
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TABLE 18 Average and Range of Turns and Cuts per Log
Related. to Log Top Diameter for

Two Sawmills

Miii #3 Miii #14

45

Log Top
Diameter
(in.)

No. Turns
Av. Range

No. Cuts
Av. Rarge

No. Turns
Av. Range

No. Cuts
Av. Range

9 0.4 0-1 1.3 1-2
12 1.0 - 2.0 - 1.6 1-2 2.7 2-3
15 1.0 - 3.3 2-5 1.8 1-2 3.8 3-6
18 1.1 1-2 3.8 3-5 2.2 1-4 4.9 2-7
21 1.6 1-3 5.2 3-9 2.1 2-3 5.8 4-8
24 2.0 1-3 6.6 4-9 3.0 2-4 7.9 6-9
27 2.1 1-3 7.3 6-11 3.4 3-4 10.6 8-16
30 2.7 2-3 10.0 7-12 4.7 3-6 13.5 12-15
33 2.9 2-3 10.9 9-13
36 3.5 3-4 12.0 - 4.0 - 16.0 -
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top diameter for two circular mills in British Columbia.
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TABLE 19 Partial CorrelatIon Coefficients1 Between Log Processing
Rate in Cubic Feet Per Minute and Log Diameter (r12 3)

and Log Length. r132) for Sawmills on the B.C. Coast

L r123 = (r12 - r13 r23) / [(1 - r132) (1 - r232)]5

** Significant at p = .01
* Significant at p = .05
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Mill
No.

Mill
Type

No.

Logs

Partial Coefficients
r12.3 r13.2

3 Band 128 .020 .101

4 99 -120 .101

5 " 107 -.067 .169

7 " 110 - .105 .308**

9
" 109 .152 .492**

10 Circular 80 -.040 475**

11 " 100 .251* .564**

13 " 99 .411** .562**

14 H 100 _.410** .228*

15 " 99 .161 .200*

6 Log Gang 102 .666** .073

8
" 83 549** .361**

12 " 91 .798** .210*
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one was positive and one negative, indicating opposite trends between

diameter and processing rate in these two mills. Figure 9 does show

what could be construed as a slight trend in opposite directions for the

two mills. The partial correlation coefficients between processing rate

and log length, shown in Table 19, were consistent in sign for both

band and circular mills, although not significant for three of the band

mills. In the other band and circular mills it may be concluded that

processing rate, in cubic feet per minute, increases significantly with

log length.

In the three log gang mills studied there was significant

correlation between processing rate and log diameter. In log gang mills

feed speed decreases with depth of cut and depth of cut increases with

log diameter. Figure 10 shows feed rate in lineal feet per minute

related to log top diameter for three gang mills studied. Feed rate

per lineal foot decreases as log diameter increases, but cubic feet per

lineal foot increases with log diameter. The result is the quadratic

relationship between processing rate and log diameter shown in Figure

11, which was typical of the gang mills studied.

The partial correlation coefficients between processing rate

in cubic feet per minute and log diameter and length are given in

Table 20 for sawmills in the B.C. interior. The coefficients shown for

diameter are all significant and all positive. Only three of the

partials for length were not significant. Log processing in scrag mills

is normally a continuous one-pass operation, as opposed to the multi-

pass operation of the carriage-type sawmills. Feed rate declines as
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TABLE 20 Partial Correlation Coefficients Between Log Processing
Rate in Cubic Feet per Minute and Log Diameter (r123)

andLóg Length. (r132) for Sawmills in the B.C. Interior

** Significant at p = .01
* Significant at p = .05
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Mill
No.

Mill
Type

No.
Logs

Partial Coefficients

.r12.3 ..rj3

1 Circular 400 .679** .326**
30 68 .656** .301*
31 112 747** .440**
32 140 545** .4l9**
22 46 .751** .160

17 Scrag 102 .716** .470**
20 101 .958** .386**
25 60 945** .030

16 Chipper- 75 .787** 495**
18 Headrig 61 .884** .700**
19 106 .917** .429**
21 116 973** .104
23 184 .958** .276**
24 125 .852** 544**
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diameter increases, as shown in Figure 12. However, in the mills

studied the increase in cubic feet per lineal foot of log as diameter

increased was such as to render a positive relationship between cubic

feet per minute processed and log diameter. Chipper headrigs are also

one pass operations with a constant feed rate. With the feed rate

constant, there must then be an increase in cubic feet per minute

processed as log diameter increases.

The dependent variable in regression equations tested was

rate of lumber production. If lumber yield per unit log volume were

constant with changes in diameter, then the conclusions drawn regarding

log processing rates, diameter and length would be valid for rate of

lumber production, diameter and length. However there is evidence that

lumber yield per cubic foot of log (the lumber recovery factor) varies

with log diameter in some types of sawmill. The results of lumber

yield studies in band, circular and log gang mills are shown in Table

21. These data are reproduced from the literature indicated, or are

calculated from data presented on luniber recovery factors. They show

variability within and between mill types but are fairly consistent in

indicating that percentage yield of lumber increases with log diameter,

at first fairly rapidly and then at a reduced rate.

There is not much evidence as to the effect of log length on

the percentage of log cubic volume recovered as lumber. Dobie and

McBride (1964) showed that the lumber recovery factor did not vary in

log lengths from 12 to 20 feet. McBride (1949) stated that the lumber

recovery ratio decreases with log length. Calvert and Johnston (1967)

were inconclusive on this matter. In sawmills where it is the practice



TABLE 21 Relationship BetweenMillType,Product, Log Diameter andPercentageof Log
Cubic Volume Input Recovered as Lumber

(a)1
Band Mill 6.

Band & Cant Gang 7.

Band & Band Resaw
Circular Mill ' 'l.

Circular & Cant Gang 2.

3.

Circular &
Round Log

2" Lumber
2" Lumber
Decking

Band Resaw (c)

Gang-Mill
2.

and Timbers
5

Walters (1959)
McBride (1963)
Kerbes (1969)
Dobie (1963)

1. Calvert & Johnston (1967)
Dobie & Parry (1967)
Dobie (1968)
Worthington (1955)
Pfeiffer (1958)
Ker (1959)

Mill Type( 1 12 3 3 4 5 6 5 6 4 7 7 7 7 7

Major Product i 1 1 1 3 2 1 1 1 2 1 1 1 1 1 1

Ày. Log Length (ft.) 16 16 16 16 16 32 16 16 16 32 16 16 16 16 16 16

ource(c) 1 2 3 4 4 5 4 3 6 7 1 8 9 2 10 10

Mill No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Log Top Diam. (in.) Band Mills Circular Mills Log Gang Mills

6 43 6.2 57 43 42 47 44 53 41 64 56 45 45

8 63 62 47 74 72 47 48 58 51 56 56 39 53 57 48 49

10 69 64 56 70 72 54 54 55 57 58 60 62 58 57 51 53

12 71 66 59 76 71 56 58 59 61 60 62 59 56 56 53 56

14 70 67 58 84 71 58 56 63 64 61 64 65 58 56 54 57

16 69 62 81 60 60 59 66 62 64 61 55 53 58

18 70 61 74 62 68 67 63 67 59 60 51 58

20 71 62 75 63 60 68 63 49 58

22 72 60 76 63 68 64

24 72 64 68 65

26 65 68 65
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to attempt to recover all available lumber from slabs, I would expect

there to be no significant influence of length on lumber recovery

factor. In others, where heavy slabbing takes place with no subsequent

attempt at recovery from slabs, I would expect then that the recovery

ratio would decrease with length. In the absence of evidence as to the

most coimnon practice, I shall take the average yields shown in Table 22

as representative for the mill types indicated.1

Percentage lumber yield obtained in studies of scrag mills is

shown in Table 23. The average indicates there is no welldefined

trend with log diameter, consequently a constant 54 percent, as shown

in Table 24, will be taken as the lumber yield for scrag mills. Chipper

headrigs are the most recent innovation to the lumber industry in the

primary conversion area, and they are revolutionizing the processing of

small logs. Dobie et al. (1967) reported on six of these and indicated

there was no evidence of any marked increase in percentage lumber yield

with log diameter. The range of recovery factors for two chipper

headrigs is shown in Figure 13. It is obvious from the figure that

there is no significant relationship between lumber yield and log

diameter and equally obvious that considerable improvement could be

made in the average yield obtained using these machines. A constant 54

percent is taken here as the average lumber yields for chipper

headrigs.

The purpose of ascertaining the lumber yields of the various

1.
The lumber yields shown in this section are estimated percentages of
the maximum possible yield of 12 board feet per cubic foot of log.



TABLE 22 Estimates of ProductYield inPercetages ofLog Cubic Volume
from Three Mill Types (bj

Band Mills Circular Mills Log Gang Mills
Log Top

Diam (in ) Lbr Sawdust Solid Lbr Sawdust Solid Lbr Sawdust Solid

6 50 12 38 50 14 36 50 11 39

8 54 12 34 53 14 33 53 11 36

10 58 12 30 56 14 30 55 11 34

12 61 12 27 58 14 28 57 11 32

14 64 12 24 60 14 26 59 11 30

16 66 12 22 62 14 24 60 11 29

18 68 12 20 64 14 22 61 11 28

20 70 12 18 65 14 21 62 11 27

22 70 12 18 65 14 21 62 11 27

24 70 12 18 65 14 21 62 11 27

26 70 12 18 65 14 21 62 11 27

28 70 12 18 65 14 21 62 11 27

30 70 12 18 65 14 21 62 11 27

(a) Product taken to be approximately 10 percent one-inch lumber with the remainder two-inch or
two-inch plus small timbers.

Band mills and circular mills considered to have cant gangs and resaws as remanufacturing Ui
equipment.



TABLE 23 Percent Yield of Dimension Lumber from Scrag Mills

Sourcec 11 1 2 3 33 Av.

Log Top

Diam. (!in.)

5 49 50 61 53

6 39 50 45 50 45 47 46

7 43 44 42 48 42 41 49 51

8 45 49 47 49 44 51 55 49

9 51 46 57 51 48 57 56 55 53

10 49 44 51 50 51 56 55 55 51

11 54 49 54 48 50 55 56 55 53

12 54 54 52 50 55 56 55 54

13 54 53 54 53 51 53 55 53

14 53 55 54 51 57 54 55 54

15 58 54 58 53 55 56

16 55 56 58 52 55

(a)
Unpublished data, Vancouver Forest Products Laboratory

2. McBride (1963)

3. Walters (1960)



TABLE 24 Product Yield as Percentage of Log Cubic Volume for
Chipper Headrigs and Scrag Mills

Pulp Chips or
Lumber Sawdust Solid Residue

59

Chipper Headrigs 54 5 41

Scrag Mills 54 22 25
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sawmills is to relate lumber production to log input. In order to

derive cost curves per unit of output for a sawmill it is necessary to

know how much lumber is produced in a given time. If rate of lumber

production is influenced by diameter and/or length, then it is necessary

to qualify production data by reference to a specific log population.

Statistically, 73 Out of 81 equations tested (three each for

27 sawmills) were significant. Many of the significant equations,

however, contained components that did not add significantly to the sum

of squares removed by regression. In other words, the t-value for the

partial regression coefficient was not significant at the required

probability level, (p = .01); consequently only the "best" of the

equations in which each independent variable was significant have been

selected for the appropriate sawmills and are shown in Tables 25 and 26.

"Best" here is used in the sense of accounting for a higher proportion

of the total sum of squares than any other equation with a full

complement of significant partial regression coefficients.

Only two sawmills of the 27 tested did not have at least one

significant regression equation for predicting rate of lumber production

from the log parameters of diameter and length. The nature of the

significant equations vary from the linear to the cubic term in

diameter and have interesting implications about optimum log sizes.

For example, some of the selected equations included diameter and the

square of diameter as significant variables. This is the general

quadratic form

Y = c + bX + aX2,



Mill
No.

5

7

9

10

11

13

Mill
Type

Band

H

'I

Circular
I,

I,

2153.54 +

110.985 +

653.812 +

948.241 +

8.825 +

193.741 +

Y = - 167.611 +

Y = - 294.080 +

Y = - 317.732 +

Regression EquatiOiis

392.012 X1 + 9.921 X2 - 20.451 X12 + .341 X13

31.854 X1 + 5.782 X2 - .687
2

70.038 + 10 .589 X2 - 1.263

Y is lumber production in board feet per minute
is log top diameter in inches

is log length in feet

Multiple correlation coefficients all significant at p = .01

133.224 X1 + 19.774 - 5.242 + .064

4.402 X1 + 9.925

27.080 + 9.571 X2 -

47.149 X1 -

56 .941 X1 +

55.128 +.

.498 x12

.563

.607

.729

TABLE 25 Regression Equations.for.B.C. Coastal Sawmills Expressing Lumber Production
per Minute as a Function of Log Parameters

14
'I

Y = 1279.41 - 151.229 + 4.659 + 7.131 - .108 .490

15
H Y = 77.071 + 9.364 X1 + 6.921 .360

1.263 X

3.972 X2 - 1.815 x1
1

2

2

.3.043.X2 .- 1.490 x12

6 Log Gang

8
H

12 I,

R
(2)

.372

.445

.559

.795

.728

.911



TABLE 26 Regression Equations for B.C. Interior Sawmills Expressing Lumber Production
per Minute as a Function of Log Parameters

Mill Mill
l' 2)

No. Type Regression Equations' / R

1 Circular Y = - 88.289 + 16.579 X1 + 3.349 - .380 X12. .811

30 Y = 2.010 + 1.895 X2 + .316 - .0084 .786

31 Y = - 30.721 + 3.295 X2 + .531 X12 - .0146 X13 .840

32 Y = - 4.770 + 2.960 X1 + 2.403 .741

22 Y = 220.494 - 52.636 X1 + 4.459 X12 - .106 X13 .934

17 Scrag Y = (- 14.377 + 2.213 X1 + .688 X2) 6.5 .786

20 Y = (- 6.407 + 2.996 + .387 + .0058 X13) 6.5 .965

25 Y = ( 24.841 - 2.195 X1 + .234 X12) 6.5 .960

16 Chipper- Y = (- 17.505 + 2.910 X1 + .547 ) 6.5 .829

18 Headrig Y = (- 16.498 + 2.124 + .691 X2 ) 6.5 .904

19 Y = (- 37.511 + 8.038 + .958 X2 ) 6.5 .937

21
'I

Y = ( 4.633 + .298 ) 6.5 .980

23 H
Y = (- 2.479 + .288 + .291 X12) 6.5 .966

24.
H (-.31.813 + 3.048X2 + .454 X12) 6.5 .865

Y is lumber production in board feet per minute
X1 is log top diameter in inches

is log length in feet

Multiple correlation coefficients all significant at p .01
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where Y is the dependent variable,

X is the independent variable, and

a, b, and c are regression constants.

A quadratic function is concave to the X-axis if the coefficient a < 0

and convex if a > 0. The stationary point in a quadratic function is

obtained by setting the first derivative of the function with regard

to the relevant variable equal to zero and solving. Taking an example

from mill 7, we have

Y = 110.985 + 31.854 + 5.782 - .687

thus = 31.854 - 1.374 X1.

Setting aY/X1 = 0,

then X1 = 31.854/1.374

= 23.2 inches

This function is convex throughout a region and has a single stationary

point, so that point is a maximum in that region. In other words, the

maximum rate of lumber production for all the diameters sampled in this

mill is obtained from a log of 23.2 inches. The function for this

mill is shown in Figure 14.

The general form of the cubic polynomial is

Y = d cx + bx2 + ax3.

The first derivative is

= c + 2bx + 3ax2,

and when Y/X = 0

then X = E- 2b ± (4bh - l2ac 2]/6a.
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Thcre may be two, one or zero stationary points depending on whether

4b2 is greater than, equal to or less than l2ac. The function with two

stationary points and the constant a > 0 is shown in Figure 15 for mill

5. A local maximum rate of production precedes a local minimum when

a > 0 and the reverse is true when a < 0

For mill 5 the equation is

y = 2153.54 + 392 .012 X1 + 9.921 X2 - 20 .451 + .341 X13,

and Yf ax1 = 392.012 - 40.902 + 1.023 X12;

so when aY/aX1 0,

x1 = E40.902 ± (40.9022 - 4(392.012)(1.023))l'2]/2.046,

so X1 = 24.048 or 15.93.

Now a/ax1 = -40,802 + 2.046 x1.

At X1 = 15.93,

a2y/ax12 < 0,

and at X1 = 24.048,

> 0.

So at = 16 inches, production is a local maximum,

and at = 24 inches, production is a local minimum.

For mill 14 (see Figure 16), the regression equation

Y = 1279.41 - 151.229 + 4.659 + 7.131 - .108

so ay/ax1 = -151.229 + 14.262 x1 - .324

but = 0 at stationary points,

so solving for

= 17.8 or 26.2

at the stationary points.
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Now the second derivative of Y with respect to X1 is

= 14.262 - .648 x1,

so when X1 = 17.8

2Y/xl2 < 0,

and when x1 = 26.2

> 0.

So production rate is at a local minimum when

X1 = 18 inches

and at a local maximum when

= 26 inches

It is apparent from Figures 14 to 16 and from the equations in

Tables 25 and 26 that there is no one curve form which adequately

describes the relationship between lumber production rate and log

diameter. The variety o curves indicated include linear, second

degree, cubic, quadratic polynomial and cubic polynomial, all in dia-

meter. Obviously then diameter and some of its transformations have

considerable influence on lumber production rate and consequently on

sawmill capacity. Equally obviously there exists an opportunity to

analyse sawmill productivity by examination of the productivity curve,

which in turn may bring about improvements in productivity. For

example, in the cubic polynomials there is a local maximum and minimum.

Reasons for the differences in rate of production that result in these

local maxima and minima might well be investigated for the purpose of

increasing the productive rate for the minima and thereby increasing

overall rate of production.
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In analysis of economies of scale in sawmilling the log input

to the sawmills should, as far as possible, be homogeneous for all

mills. That is, all mills should be working on the same log population.

However, some mills are incapable of processing logs of certain

dimensions due to the physical characteristics of the mill. Therefore,

to make valid comparisons of sawmill scale, I have divided the study

sawmills into three groups-- based on log sizes--as follows:

Sawmill Sawmill type Diameter Length

group limits limits
(in.) (ft.)

Each of the sawmills within a group are capable of processing

logs of the diameter and length limits indicated. Also, the sawmills

within each group were processing the same species or species mixture

at the time of the studies. The coastal sawmills were processing

hemlock, the interior sawmills Douglas-fir, and the small log mills a

mixture of spruce, lodgepole pine and alpine fir.

The proportions of logs processed in diameter and length

categories for each of the above sawmill groups are shown in Tables 27,

28 and 29. These statistics are based on the logs sampled at each of

the study sawmills. Lumber productivity for each sawmill can be calcu-

lated using the regression equations in Tables 25 and 26. The outcome

for sawmill number 5 is shown in Table 30. Now the production data in

each diameter and length cell of Table 30, multiplied by the

I coastal sawmills 10-24 10-24

II interior sawmills 6-23 12-20

III small log sawmills 4-12 12-20



TABLE 27 Distribution of Input by Diameter and Length forLog

1. Based on aggregate data from 13 coastal sawmills

71

B.C. Coast Stt1dySinil1s

Log Top Log Length (ft.)
Diameter 10 12 14 16 18 20 22 24

(in.) Percentage of Log Input

10 .38 .77 .89 1.28 1.02 .38 .77
11 .26 .38 2.43 1.15 .89 .64 .89
12 - .13 1.40 3.19 .89 1.92 .64 1.53
13 - .77 .38 3.07 1.40 1.66 .64 .89
14 - - 1.15 2.43 .77 1.15 ..26 .64
15 .51 .89 .77 3.07 .77 1.15 .26 1.15
16 - .89 .89 3.83 .89 1.66 .64 .89
17 - .38 .64 2.43 1.02 2.17 .64 .64
18 - .26 - 1.53 .26 1.28 .64 ..51
19 - .38 .64 2.17 .89 1.40 .38 .38
20 - .13 1.02 1.15 1.15 1.66 .26 .89
21 - .51 .38 1.53 1.15 2.04 .89 .13
22 - .13 .26 .64 .64 2.17 .51 .51
23 - .13 .38 1.40 .26 1.53 .51 .26
24 - .13 .38 .77 .64 1.28 .38 .26



TABLE 28 Distribution of Log Input byDiameterand Length
for B.C. Interior Study Sawmills1

1. Based on aggregate data from five interior sawmills.
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Log Top
Diameter

(in.)

12

Log Length (ft.)
14 16 18

Percentage of Log Input
20

6 .07 .15 .37 .23 .18

7 .17 .37 .92 .57 .44

8 .18 .37 .93 .58 .44

9 .29 .61 1.52 .94 .74

10 .25 .54 1.33 .83 .65

11 .39 .84 2.07 1.29 1.01

12 .53 1.13 281 1.75 1.37

13 .60 1.28 3.18 1.98 1.55

14 .82 1.75 4.33 2.69 2.11

15 1.13 2.50 5.99 3.73 2.92

16 .43 .91 2.26 1.40 1.10

17 .31 1.52 3.77 2.35 1.84

18 .36 .77 1.89 1.17 .92

19 .29 .61 1.52 .94 .74

20 .29 .61 1.52 .94 .75

21 .18 .37 .93 .57 .44

22 .17 .37 .92 .58 .44

23 .14 .30 .74 .46 .36



TABLE 29 Distribution of Log Input by Diameter and Length
B.C. Small Log Sawmills1

1. Based on aggregate data from 9 small log sawmills
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Log Top
Diameter
(in.)

12

Log Length (ft.)
14 16 18

Percentage of Log Input
20

4 .02 .14 .69 .13 .02

5 .09 .63 3.10 .59 .09
6 .16 1.12 5.52 1.04 .16

7 .22 1.54 7.59 1.43 .22

8 .84 5.88 28.98 5.46 .84

9 .35 2.45 12.08 2.28 .35
10 .20 1.40 6.90 1.30 .20
11 .07 .49 2.41 .45 .07
12 .05 .35 1.73 .32 .05



TABLE 30 Lumber Productivity Related to Log Parameters
for aB.C. Coastal Band Mill .......

Log Top Length (ft.)Log

1. Y = -2153.54 + 392.012 X1 + 9.921 X2 - 20.451 X12 + .341 X13

where Y is lumber production in board feet per minute,
is log top diameter in inches,

is log length in feet

74

Diameter 10 12 14 16 18 20 22 24

(in.) Lumber Production -- Board Feet per Minute'

10 162 182 202 222 242 262 282 302

11 237 257 277 297 317 337 357 377
12 294 314 334 354 374 394 414 434

13 335 335 375 395 415 435 455 475

14 361 381 401 421 441 461 481 501
15 375 395 415 435 455 475 495 515

16 379 399 419 439 459 479 499 519

17 375 395 415 435 455 475 495 515

18 364 384 404 424 444 464 484 504
19 350 370 390 410 430 450 470 490

20 334 354 374 394 414 434 454 474
21 317 337 357 377 397 417 437 457
22 303 323 343 363 383 403 423 443
23 292 312 332 352 372 392 412 432
24 288 308 328 348 368 388 408 428
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appropriate percentage in the same cell of Table 27, gives the average

lumber production per minute for sawmill number 5 for the log input

specified. Lumber productivity for the other sawmills is obtained in

the same way. Productivity per hour is shown for the study sawmills in

Table 31.



TABLE 31 Productivity of Study Sawmills

Sawmill Group

Mill Lbr. Prodn. Mill Lbr. Prodn. Mill Lbr. Prodn.

No. per Hour No. per Hour No. per Hour

Mfbm Mfbm Mfbm
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3 49.6 1 8.2 16 5.9

4 34.4 22 4.7 17 5.5

5 24.2 30 4.9 18 4.4

6 14.7 31 6.0 19 16.3

7 32.7 32 5.2 20 10.4

8 11.8 21 9.4

9 19.4 23 8.3

10 26.0 24 18.4

11 14.4 25 8.8

12 13.0

13 16.7

14 21.2

15 21.6



V Short- and Long-Run Average Cost Curves

The average cost curve is derived from the production function.

The production function relates inputs employed by the entrepreneur to

the outputs produced. The short- run is defined by Henderson and Quandt

(1958) as being that period of time

"sufficiently short so that the entrpreneur is
unable to alter the level of his fixed inputs,
sufficiently short so that the shape of the
production function is not altered by techno-
logical improvements and sufficiently long to
allow completion of the necessary technical
process".

In a sawmill in the short-run, variable inputs are logs,

labor, power, and the other services required to produce lumber. Plant

is fixed and I shall consider management fixed also in the short-run.

That is:

Q = f(x1, x2, x3, x

77

where Q is lumber output,

x1 is log input,

x2 is labor input,

x3 is power input,

is other variable supplies,

x5 is fixed plant,

and
6

is fixed management.
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A sawmill is a collection of machinery required for converting

logs into lumber. The number and type of machines vary among mills,

but one feature common to all sawmills is that the variable inputs are

combined in fixed proportions to produce lumber. The technical process

requires that there be a certain amount of labor operating the fixed

equipment, which is capable of processing a certain volume of logs using

a certain quantity of power.

There is no substitution between variable inputs in the short-

run. Logs can not be substituted for labor, nor for power.

In the previous section I showed that rate of lumber pro-

duction in some sawmills is affected by log size. Assuming a log popu-

lation which. is constant in the short-run for those mills, then logs,

labor, power and other variable inputs can be combined in fixed pro-

portions to produce a given lumber product. If the lumber product

changes, there is a new processing technique and a new production

function. If a machine is replaced by another more productive, there

is a new technical process.

Combining inputs in fixed proportions means that lumber out-

turn can be expressed as a function of one variable input, such as logs,

with all of the other variable services implicit in log input.

Specifically

Q = bx1,

where Q is lumber output in board feet,

x1 is log input in cubic feet,

and b is the constant coefficient relating board feet of lumber to

log cubic volume for a given product and technical process.
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This function is linear with constant marginal product (MP)

Q/x1 = b

and constant average product (AP)

Q/x1 b.

Returns to scale are constant. That is, if log input and all of the

variable services combined in fixed proportions with log input are

doubled, lumber outturn will also be doubled. The function is there-

fore homogeneous of degree one. For a production function homogeneous

of any degree, the expansion path is a straight line emanating from

the origin. n example of a straight line expansion path for a two

variable service input with no substitutability between inputs is given

in Figure 17. Increasing the input of one variable service while

holding the other constant results in a movement along the vertical or

horizontal arm of an isoquant Qi). There is no increase in output. In

a production process where variable inputs should be combined in fixed

proportions, such as in sawmilling, it is therefore irrational to

increase the input of one variable factor (say, labor) without also

increasing the input of the others.

If service price per unit of output does not vary with output,

then for a function with constant marginal productivity, the marginal

cost (MC) will also be constant and equal to the average variable cost

(AVC). Specifically, if Q = bx1, where x1 is log input, then the

variable cost per unit of Q equals the sum of the costs of the variable

inputs necessary to produce one unit of Q. Suppose output is rough,

unseasoned lumber, then variable costs would be the sum of log costs

and sawmill costs.



EXPANSION PATH

Figure 17. Expansion path and isoquants (Qi) for two variable

services (Xi) combined in fixed proportions.
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Thus, total variable cost is

TVC = Q twn + Qp +Qc + Qi

where Q is lumber production in thousands of board feet,

t is production rate in hours per thousand board feet of

lumber,

w is the wage rate per man-hour,

n is the number of men involved,

p is the power cost per thousand board feet of lumber,

c is the maintenance and repair cost per thousand board feet

of lumber,

and 1 is the log cost per thousand board feet of lumber.

So TVC=Q (twn+p+c+l)

= Qk

where k =twn+p+c+l.

Now marginal cost is

MC = TVC/Q =

and average variable cost is

AVC = Qk/Q = k.

Total cost is

TC =TVC+a

where a is fixed cost.

So average total cost is

ATC = AVC + a/Q

= k + a/Q.
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Therefore as output increases average total cost diminishes and, under

the assumption of constant variable service cost per unit of output,

will diminish till plant capacity is reached; capacity being defined as

the maximum attainable output per period of time given the log input,

the technical process and the product. This system of cost curves is

shown in Figure 18.

If the cost of any of the variable services is a function of

the quantity of that service used, then average variable and marginal

costs will vary with output. Borrowing from Carlson (1956) and changing

the symbols we have variable cost (VC) as follows:

VC = MC.E.Q - A

where E is the elasticity of production,

and A = E XiPiAi

where X is variable service,

P is service price per unit,

and 1 is price flexibility of the service.

Price flexibility is

I = (dPi/Pi)/(dXi/Xi),

which is the ratio of the fractional change in price to the fractional

change in quantity used. If service price is an increasing function

of quantity of service used then

I > 0,

and A>0,

so NC.E.Q > VC.

Now AVC = VC/Q,

so MC.E > AVC.



Figure 18. Average costs per unit related to output for constant
variable service costs per unit of production.
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But in sawmills the elasticity of production, E, is equal to

one. It has been stated that returns to scale are constant in sawmills

so that increases in service input occasion proportionate increases in

output. Now the elasticity of production

E = (dQ/Q)/(dXi/Xi)

= 1 for equiproportionate increases in Q and Xi.

Therefore, when service price is an increasing function of

quantity used

MC > AVC,

conversely when service price is a decreasing function of quantity used

MC <AVC.

Now when

MC < AVC

average variable cost is decreasing and will do so till sawmill

capacity is reached. In this situation average total cost will also

decrease till sawmill capacity is reached. This series of curves is

shown in Figure 19. However when

MC > AVC,

average variable cost is increasing and will do so till mill capacity

is reached. The average total cost will decrease as long as the change

in the average fixed cost per unit of output is greater than the change

in the average variable cost per unit of output. This can be shown as

follows:

TC = FC + VC

and ATC = AFC + AVC.



Figure 19. Average costs per unit related to output for decreasing
variable service costs per unit of production.



Nowi.f AVG is increasing with output then

AVG > 0,

and if A1C is decreasing with output then

ATC < 0.

Now

ATC = AFC + AVC,

ATC < 0,

AVC >0,

AFC
I

> ix AVC.

So average total cost will diminish to the point where

ix AFC = ix AVC,

and will increase where

ix AVC > ix AFC I.

Thus if variable costs are an increasing function of quantity

purchased, average total costs per unit will decrease till

lix AFC H ix AVG

and thereafter increase. It may be in some sawmills that the point

where ix AVG > ix AFC is not reached, so that even if variable service

costs are an increasing function of quantity purchased, the average

total cost curve for the sawmill will diminish to capacity.

Components of sawmill costs by sawmill size are extremely

difficult to obtain. Two situations prevail: either the company does

not know the cost components, or knows them but will not divulge them,

and if

and

then

8
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which is understandable as costs are a very confidential matter. How-

ever, sufficient for the purpose at hand are the relative costs of

manufacturing rough lumber in the various sizes of sawmill under

analysis, and these can be obtained by cost synthesis.

The four main components of variable cost in the equation

TVC=Q (twn+p+c+l)

are labor, power, repairs and maintenance, and log costs. If w, p, c,

and 1 were constant for sawmills within the groups previously formu-

lated, differences in variable costs per unit of output are then

attributable to the product tn, which is man-hours per M fbm of lumber

produced. This product is shown for the study sawmills in Table 32.

Wage rates (w) in sawmills depend on the category of employee. An

index of wages is shown for several categories in Table 33. Using

these data and data collected on employee functions--an example of

which is shown in Table 34--relative wages per man-hour can be calcu-

lated for each sawmill. These are given in Table 35 with the resulting

relative production-labor costs per H fbm of lumber. These costs are

related to sawmill capacity in Figure 20 from which it is evident that

labor costs per M fbm of lumber production (twn) diminish as sawmill

capacity increases.

Power costs per N fbm (p) are more difficult to pinpoint.

Some mills generate their own power by burning their hog fuel, others

purchase their total power needs on the market, and yet others do some

of both. Power costs are confounded by power requirements for planer

mills and dry kilns. The relationship between power costs per unit of

production and plant size can only be inferred from the existing data.



TABLE 32 Production Man. Hours Required per Thousand
Board Fet of Lumber Output for Study Sawmills

Mill Capacity Hours No. of Man Hours

No. per Hour per M fbm Men per M fbm

(t) (n) (tn>

Group II 1 8.2 .1220 18 2.196
22 4.7 .2128 14 2.979
30 4.9 .2041 15 3.061
31 6.0 .1667 15 2.501
32 5.2 .1923 15 2.884

Group III 16 5.9 .1695 1 2.034
17 5.5 .1818 14 2.545
18 4.4 .2273 12 2.728
19 16.3 .0613 14 .858
20 10.4 .0962 13 1.251
21 9.4 .1064 14 1.490
23 8.3 .1205 13 1.567
24 18.4 .0543 19 1.032
25 8.8 .1136 13 1.477
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Group I 3 49.6 .0202 36 .727
4 34.4 .0291 32 .931
5 24.2 .0413 26 1.074
6 14.7 .0680 14 .952
7 32.7 .0306 29 .887
8 11.8 .0847 15 1.270
9 19.4 .0515 30 1.545

10 26.0 .0385 28 1.078
11 14.4 .0694 22 1.527
12 13.0 .0769 21 1.615
13 16.7 .0599 29 1.737
14 21.2 .0472 27 1.274
15 21.6 .0463 25 1.158



TABLE 33 Index of}lourlyWagesforSàwmill Personnel
in British Columbia

1. Based on 1967 I.W.A. wage rates in British Columbia.
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Employee
Category

Relative
Hourly Wages1-

Barker operator 69

Head sawyer 100

Tail sawyer 65

Edgerman 76

Tailing edger 63

Gang sawyer 73

Spare gang sawyer 63

Resawyer 68

Resaw sorter 63

Pony edgerman 64

Trim sawyer 72

Bull sawyer 64

Slasher sawyer 63

Lumber sorters 63

Green chain puller 63

Millwright 82

Millwrightts helper 64

Electrician 82

Electrician's helper 64

Saw filer 91

Filing room helper 65



TABLE 34 Production Workers by Occupational Category for
Three Sawmills in British Columbia

Employee Sawmill No.
Category 3 8 10

Barker operator 1 1 1

Head sawyer 1 1 1

Tail sawyer 1 1 1

Edgerman 1 1 1

Tailing edger
Gang sawyer 1 1

Spare gang sawyer 1

Resawyer 1 1

Resaw sorter 1 1

Pony edgerman 1 1

Trim sawyer 1 1 4

Bull sawyer
Slasher sawyer
Lumber sorters 3 1 2

Green chain puller 16 4 8

Millwright 1 1 1

Millwrights helper 2 1 1

Electrician 1 1 1

Electrician's helper 1 1

Saw filer 1 1 1

Filing room helper 1 1 1

Total man hours per hour 36 15 28

Index of wages per hour 2422 1081 2304

Index of wages per
man hour 67 72 82
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Group I

TABLE 35 Relative Production Wages per M fbm of Lumber
Related to Capacity for Study Sawmills

Mill Capacity Man Hours Ày. Wage Av. Wage

No. M fbm per M fbm Index per Index per

per Hour Man Hour M fbm

3 49.6 .727 67 49

4 34.4 .931 68 63

5 24.2 1.074 69 74

6 14.7 .952 71 68

7 32.7 .887 68 60

8 11.8 1.270 72 91

9 19.4 1.545 66 102

10 26.0 1.078 82 88

11 14.4 1.527 70 107

12 13.0 1.615 69 ill

13 16.7 1.737 69 120

14 21.2 1.274 68 87

15 21.6 1.158 70 81

Group II 1 8.2 2.196 72 158

22 4.7 2.979 73 217

30 4.9 3.061 73 223

31 6.0 2.501 73 183

32 5.2 2.884 73 211

Group III 16 5.9 2.034 73 148

17 5.5 2.545 73 186

18 4.4 2.728 73 199

19 16.3 .858 73 63

20 10.4 1.251 73 91

21 9.4 1.490 72 107

23 8.3 1.567 72 113

24 18.4 1.032 67 69

25 8.8 1.477 72 106
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Table 36 shows the results of an unpublished study conducted by the B.C.

Hydro in 1967. The averages shown are averages of groups of mills in

different Ranger Districts of the province. The simple correlation

coefficient between plant capacity and kilowatt-hours per N fbm of

lumber for these data is .388, which is not significant at the .05

probability level. Table 37 shows power costs per kilowatt-hour for

plants of different horsepower operating one, two or three shifts.

Economies of power costs are achieved in a given plant by operating a

longer period in a day. Larger plants have an advantage in costs per

kilowatt-hour over smaller plants (under 2000 kilowatts) because of the

different schedules us.ed for costing their power consumption. Thus, on

the basis of this evidence it appears that power costs per N fbm of

output are least in the largest plants (3000 hp and over).

Further information regarding power costs is available from

the Dominion Bureau of Statistics. Table 38 shows fuel and electricity

costs per dollar of shipments of goods of own manufacture for sawmills

in B.C. with shipments of $100,000 and over. This does not give costs

per N fbm of production, but, for the largest size group to have costs

per M fbm equivalent to those of the smallest size group, selling value

per N fb.m in the largest would have to be 5.1 times greater on the

average than that of the smallest in 1967, and 5.4 times greater in

1968. In both instances this is extremely unlikely, and the conclusion

from these data is that there are economies of power costs per N fbm of

production as sawmill size increases for sawmills in B.C.



TABLE 36 Kilowatt Hours per 4fbm. Lumber.Re1ated to
Sawmill Capacity for 'B.C. Sawmills

Source: B.C. Hydro & Power Authority. 1967. A study of
the wood products industry in B.C. as a market
for electric energy from B.C. Hydro with particu-
lar reference to the sawmill and plywood industries.
Unpublished report.
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Average
Capacity
H fbm

Average
KWH

per N fbm

Average
Capacity
M fbm

Average
KWH

per H fbm

18 39 18 64

60 46 32 59

97 129 37 67

11 107 16 75

20 55 12 84,

5 45 32 94

30 103 18 80

55 115 12 52

84 120 17 60

275 125 12 76,

95 130 15 84

49 64 15 72

133 45 20 40

16 113 19 75

26 93 18 40

12 114. 17 73

18 76 28 61



TABLE 37 Power.Costs perKiiowatt Hour .RelatedtoHorsepower
for Manufacturing Plants in B.C.

Source: Calculated on the basis of B.C. Hydro Schedule 1614
Industrial Service-Primary (2000 KW and over) and Schedule
1601, 1681 Industrial Service-Primary (200 hp and over) for

a peak billing demand of 65% of connected kilowatts.
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Horsepower 5000 4000 3000 2000 1000

Kilowatts 3730 2984 2238 1492 746

Kilowatt hours/month

1 shift 596800 477440 358080 23872Ô 119360

2 shift 1193600 954880 716160 477440 238720

3 shift 1790400 1432320 1074240 716160 358080

Total cost/month

1 shift 7179 5745 4309 3134 1567

2 shift 9268 7416 5562 4327 2164

3 shift 11357 9087 6815 5521 2760

Cost/kilowatt hour (cents)

1 shift 1.20 1.20 1.20 1.31 1.31

2 shifts .78 .78 .78 .91 .91

3 shifts .63 .63 .63 .77 .77



TABLE 38 Costs of Fuel and Electricity per Dollar of
Shipments of Goods of Own Manufacture

for Sawmills in B.C.

Value of Cost of Fuel and Electricity

Shipments
1967 1968

$ 100,000 - $ 199,999 .046 .049

200,000 - 499,999 .030 .035

500,000 - 999,999 .028 .024

1,000,000 - 4,999,999 .023 .019

5,000,000 - .009 .009

Source: Based on unpublished data obtained from Forestry
Statistics Section, Manufacturing and Primary
Industries Division, Dominion Bureau of Statistics,
Ottawa, Ontario.
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One of the remaining components of variable costs is cost of

maintenance and repairs (c). Data on this variable is extremely sparse.

The results of one study shown in Table 39, indicate that repair costs

per M fbm of lumber in mills producing over 25 fbm per annum

averaged $2.2O from 1963 to 1966, compared to $2.22 in mills producing

under 25 MN per annum, in northern B.C. On the basis of this evidence,

and lack of any other, I shall assume that repair and maintenace costs

per H fbm are constant over the range of plant sizes considered.

As the purpose here is to compare costs for different scales

of plant, the differences in costs to be considered should be those

attributable to plant scale. In British Columbia, 95 percent of the

timber is publicly-owned. This is sold to the forest industry on the

basis of stumpage which is derived from the selling price of logs in

the log market for the coast, and the selling price of lumber in the

interior. The ndividua1 entrepreneur's plant size does not enter into

the stumpage calculation. Where sawmilling costs are considered, as in

the interior, the costs used are estimated to be average for those

plants in a producing area. Thus, having assumed a homogeneous log

population for plants within a group, I shall also assume homogeneous

log costs within plant groupings.

On the basis of the variable costs considered--labor, power,

repairs and maintenance, and log costs--, the conclusion is that there

are economies of large scale operation in sawmilling in B.C. The

available evidence indicates that the average unit cost curve, based on

these variable costs, would be of the form shown in Figure 20.



TABLE 39 Comparison of Repair Costs for Sawmills
in Northern Interior B.C.

1963 $1.50 $2.02

1964 1.71 2.41

1965 2.87 2.13

1966 2.72 2.31

Average 2.20 2.22

Source: Northern Interior Lumbermen's Association, cost
and profit study 1963 to 1966. Price Waterhouse

& Co. 1967.
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Production Production
Greater than Less than

Year 25 mm/annum 25 mm/annum

Repair Costs $/M fbm
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Long-run average costs include fixed as well as variable costs.

Fixed costs were previously defined as plant and management costs. Again

data from the Dominion Bureau of Statistics is used to make inferences

about the costs of management. Salary costs per dollar of shipments of

goods of own manufacture are shown in Table 40 for mills shipping

$100,000 and over in lumber. Again, this does not give salary costs

per M fbm of production, but, for the costs of the largest size group

shown to be equivalent to those of the smallest size group, value per lvi

fbm of shipments for the largest would have to be 1.9 times higher then

that of the smallest in 1967, and 2.3 times higher in 1968. Again, I

consider this unlikely for the average of all production in each size

group and conclude that there are economies of management costs

associated with increasing scale of operation in sawmilling in B.C.

The remaining portion of fixed costs are plant costs per unit

of production. Chilton (1950) noted that for a large variety of

chemical and petroleum plants, doubling plant capacity increased costs

by a factor of 2.6, that is by about 1.52 times. It seems reasonable to

expect that this principle would also apply to sawmills; that plant costs

would increase less than in proportion to scale of plant for construc-

tion in a given location. Estimated capital costs--as reported in the

indicated trade magazine--for new sawmills of different capacity in B.C.,

are shown in Table 41. In a log-log regression with these data the

slope of the straight line is .73 r2 = .82). This indicates that the

cost at a second size X times the first may be obtained by multiplying

thc known cost by X°73. In other words, doubling capacity increases

0.73 . 0.73 or
the cost by 2 or 1.66, trebling capacity increases cost by 3



TABLE 40 Salaries per Dollar of Shipments of Goods of
Owi ManufactUre for Sawmills iii B.C.

Value of Salaries per Dollar of Shipments

Shipments
1967 1968

$ 100,000 - $ 199,999 $.054 $.055

200,000 - 499,999 .046 .055

500,000 - 999,999 .040 .036

1,000,000 - 4,999,999 .033 .032

5,000,000 - .028 .024

Source: Based on unpublished data obtained from Forestry
Statistics Section, Manufacturing and Primary Industries
Division, Dominion Bureau of Statistics, Ottawa, Ontario.
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TABLE 41 CapitaiCostsRelatedto Plant Capacity for
Sawmills. in British Columbia

Capacity Capital Source'

fbm Cost
per Annum ($'OOO)

1. BCL - British Columbia Lumberman, Southam Business
Publications, Vancouver, B.C.

CFI - Canadian Forest Industries, Southam Business
Publications, Toronto, Ontario.

Fl - Forest Industries, Miller Freeman Publications,
San Francisco, California.
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60 3000 BCL Deceniber 1969

60 5000 " October

35 3000 " August
48 2000 ' September "

70 9000 " February "

30 4500 " October 1968

8 300 CFI July 1969

50 3000 " April 1968

15 1500 " June

80 10000 t? August Vt

24 2000
60 6000 " September "

25 1500 " January 1970

30 2000 " November 1969

37 3000 " September "

50 2200

25 4000
20 1000 " August
15 1000

' July Vt

100 7000 " March
24 2000

Vt Vt Vt

15 1000 ' February tt

8 500 Fl January 1970

90 6700 BCL April



102

2.23. Thus, on the basis of these forecasts there are economies of

capital costs per unit associated with increasing capacity.

However, these are cost estimates, and no published data is

available indicating how good the estimates were or are likely to be.

Also, there is little information given as to what precisely is being

supplied for the estimated cost. However, when considering capital

expenditures related to capacity, the most one could reasonably expect

would be a doubling of costs for two units of identical design on the

same site. Even then there would probably be savings in engineering

expense for design work. One can also visualize costs being less than

doubled by designing a plant with two identical lines under one roof.

As. Chilton (1950) points out, "--- costs of building, piping, and other

facilities constitute a major fraction of the total plant cost. These

costs are proportionately greater for small plants than they are for

large plants".

In conclusion, the available evidence indicates that there

are economies of variable and fixed costs per unit output as sawmill

capacity increases in British Colunibia. The long-run average cost

curve diminishes over the range of sawmill scales examine.d with no

evidence of any increase in costs in the largest plants. Thus, the

planning curve is the L-shape indicated by Johnston (1960) as being the

preponderant shape found in the main empirical studies of cost functions

made in the last few decades.



VI Selecting the Optimum Scale of Plant

Although the foregoing analyses indicate that there are

economies inproduction costs associated with increasing scale of plant,

this does not necessarily hold for all production levels in different

scales of plant. For example, if the capital cost of a plant of

capacity of 100 million fbm per annum were K, then, from section V, the

estimated cost of a capacity of 200 million would be $2 or $l.66K,

and that of a capacity of 300 million would be $373K or $2.23K. If

each of these plants produced only 50 MM fbm per annum, then capital

cost per million fbm per year would be

$ (l/50)(K/n) for a capacity of 100 NM,

(1/50) (1.66K/n) for a capacity of 200 NM,

(1/50)(2.23K/n) for a capacity of 300 NM,

where a is the life of the investment. At an output of 50 NM fbm,

capital costs per unit are least in the smallest capacity plant. At

maximum capacity for each plant, capital costs per unit are least in

the largest plant.

In section V (Table 37) it was shown that power costs per unit

output for a three-shift operation in a 1,000 horsepower plant were

lower than those for one- or two-shift operations in plants ranging up

from 3,000 horsepower. However, three-shift operations in the bigger

plants provided the cheapest power per unit production. It was also

shown that labour costs per unit output were least in the larger plants.

Management costs per unit were also least in the larger plants, but if

total management costs are fixed for a given plant, and greater for
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large plants than for small, then at some output management costs per

unit will be less in the smaller plants.

The point is that even when there are indicated economies of

large scale production, these economies may be achieved only at certain

levels of output in the bigger plants. The total of all costs per unit

may be less in a smaller plant operating at full daily capacity, than

in a larger plant operating only one or two shifts per day. Thus,

consideration should be given to anticipated production, and factors

pertaining to the costs of that production in the various plant scales

available, prior to making the sawmill investment decision.

In British Columbia, the recent implementation of a close

utilization policy, where logs down to four inches in top diameter are

utilized for lumber manufacture, has resulted in a great deal of

interest in small-log processing equipment. Conventional sawmills are

not designed to handle logs of small dimension so much new capital is

being invested each year in small-log sawmills. One of the decision

problems most relevant to the sawmill industry at the present time is

the problem of choice among the many types and models of small-log

mills which have been introduced to the industry in recent years.

Logically, the choice among alternatives should be made on

the basis of some criterion suitable to the decision-maker. Suppose,

for example, a choice was to be made among the small-log mills. of Group

III, previously discussed. Tables 42 and 43 show the data required for

calculation of costs for these small-log sawmills. Manufacturing costs.

per unit are given in Table 44 for each sawmill at various levels of



From Table 31.
On the basis of
From Table 32.
On the basis of
as [(Xj/X:18)73]
sawmill capacity

TABLE 42 Statistics for Investment Analysis of
Small-Log Sawmills

Mill Production Capacity Man Hours Capital
No. per hr. per Year per N fbm3 Cost

Mfbm1 fbrn2 $4

3 shifts per day, 240 days per year.

$2,000,000 for Mill #18, and others calculated
$2,000,000 as in Section V, where X is
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16 5.9 34 2.034 2.504

17 5.5 32 2.545 2 .394

18 4.4 25 2.728 2.000

19 16.3 94 .858 5.260

20 10.4 60 1.251 3.790
21 9.4 54 1.490 3.510

23 8.3 48 1.567 3.220
24 18.4 106 1.032 5.742
25 8.8 51 1.477 3.366



1 8.13 1.05
16 2 8.34 .73

3 8.34 .62

1 10.18 1.05
17 2 10.43 .73

3 10.43 .62

1 10.91 1.05
18 2 11.18 .73

3 11.18 .62

1 3.43 .96

19 2 3.52 .60

3 3.52 .50

1 5.00 1.05
20 2 5.13 .73

3 5.13 .62

1 5.96 1.05
21 2 6.11 .73

3 6.11 .62

1 5.27 1.05
23 2 6.42 .73

3 6.42 .62

1 4.13 .96

24 2 4.23 .60

3 4.23 .50

1 5.91 105
25 2 6.06 .73

.6.06......62.

2.00 1.76 22.09 35.03

.88 11.05 23.00

.59 7.36 18.91

1.87 22.44 37.54

.94 11.22 25.32

.62 7.48 21.15

2.40 24.00 40.36

1.20 12.00 27.11

.80 8.00 22.60

.64 16.79 23.82

.32 8.40 14.84

.21 5.60 11.83

1.00 18.95 28.00

.50 9.47 17.83

.33 6.32 14.40

1.11 19.50 29.62

.56 9.75 19.15

.37 6.50 15.60

1.25 20.13 30.70

.63 10.07 19.85

.42 6.70 16.16

.57 16.25 23.91

.28 8.13 15.24

.19 5.42 12.34

1.18 19.80 29.94

.59 9.90 19.28

39 . . . 6.60 15.67

On the basis of man hours per M of Table 42, $4.00 average per man
hour and $.l0 differential for 2nd and 3rd shifts.
On the basis of 80 KWH per M (Table 36 average) and costs per KWH
of Table 37 (>2000 h.p. for mills 19, 24).
Constant for all mills.
On the basis of additional management cost of $20,000 per year.
Capital costs of Table 42 depreciated 10 years straight line.
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TABLE .43 Costs p Unit Output for Small-Log Sawmills

Mill Shifts Labor Power Repairs & Manage- Depreciation Total

No. per Day Cost Cost Maintenance ment Cost Cost Cost

2$/M.3.... 4



TABLE 44 Manufacturing Costs per M fbm of Lumber
for Small-Log Sawmills
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Mill Number

Annual 16 17 18 19 20 21 23 24 25

Production
fbm $/M fbm

10 36 40 36 61 40 37 38 66 37

20 25 27 25 34 28 28 27 39 27

30 20 22 25 21 22 21 27 21

40 21 18 18 17 22 18

50 18 16 16 19 16

60 15 14 17

70 13 15

80 12 14

90 11 13

100 12
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output. These costs are shown for those mills in Figure 21 to

illustrate previous statements about mill capacity, production levels

and costs. Mill 19 is capable of producing 90 million board feet on

a three shift basis and produces at least cost per unit for outputs of

68 million and over. But, if it were used to manufacture only 30

million, its costs per unit would be highest of those shown for that

output.

Table 44 shows that, if the criterion for choice was least

cost, there is a choice of plants for several production levels -- two

for 10 million, two for 20 million and three for 50 million. If the

decision-maker is fairly certain about anticipated annual production,

and a conflict exists at that production, he may invoke other criteria

or make the choice subjectively.

Two other criteria frequently used in investment analysis are

net discounted cash flow and discounted cash flow return on investment

(DCFROI). The DCFROI is the rate of interest which equates the stream

of returns over the life of the investment to the initial investment.

It can be calculated iteratively using the identity

INVESTMENT CF [(1 +
.)fl - i] / i(l + i)",

where CF is cash flow per annum,

i is the discount rate,

n is the life of investment.

Cash-flow per annum is calculated as follows:

CF = (TR - TC - D)(1 - t) + D,
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Figure 21. Production Cost Related to Sawmill Capacity
for Three Small-Log Sawmills
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where TR is. total revenue,

TC is total costs,

D is depreciation,

and t is the tax rate.

If it is assumed that unit log costs and unit lumber revenues

do not influence the choice among plants, the relevant costs are the

variable and fixed costs of Table 43, adjusted for the specific level of

output. Assuming a return to each mill of $30.00 per N fbm of lumber

(selling price minus non-sawmill costs), a tax rate of 55 percent, and

an investment life of ten years, the DCFROI for each level of output

to capacity is shown for each mill in Table 45.

In this case there is one plant which is best at each level

of output, so when it has been determined which level of output will

be required, the choice of plant can be made. The advantage of

utilizing manufacturing facilities to capacity is indicated by the

increase in ROl as production increases in each plant, as shown in

Table 45.

The choice among mills may on occasion be attended by a great

deal more uncertainty than has so far been indicated. If log costs and

lumber values per unit, with associated uncertainties are dismissed as

irrelevant to the choice among plants, remaining factors of relevance

are sawmill costs and small log supplies with their associated

uncertainties. Variation in unit costs at a given lumber price will

result in variations in the ROl at a given output. In British Columbia

there can also be considerable uncertainty associated with small log

supply. In addition to close utilization calculable volumes, there is



TABLE 45 Return Iivestmnt for Sawmillson Small-Log
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Production
NM fbm R.0.I. Percent

Mill Number

Annual 16 17 18 19 20 21 23 24 25

10 <1 <1 <1 <1 <1 <1 <1 <1 <1

20 3.4 2.5 3.7 <1 1.0 1.5 1.8 <1 1.8

30 9.4 7.3 2.2 5.5 6.4 6.5 1.6 6.5

40 6.1 9.3 10.0 11.3 4.5 10.5

50 9.3 13,0 13.5 6.3 14.5

60 12.0 16.6 10.0

70 15.0 12.5

80 17.5 15.0

90 20.0 17.5

100 20.0
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"third-band" wood. This "third-band" wood consists of smallwood not

presently being logged in public sustained yield units PSY1Js). The

allowable cut in PSYUs has been recalculated to close utilization

standards and it has been found that there is usually a considerably

greater volume of timber available than is being taken out on the basis

of the regular cut plus the additional one-third for close utilization.

"Third-band" wood is the difference between the allowable cut and the

recalculated close utilization inventories. B.C. Forest Service policy

at present is that this wood will be allocated on an annual basis and

will not become part of an operator's established quota. Thus there

can be considerable uncertainty attached to specific small log

supplies.

Modern decision theory provides a framework for systematically

appraising alternative choices under conditions of uncertainty. Halter

and Dean (1969) indicate the following to be the essential components of

a decision-making problem:

the available actions that can be taken,

the states of nature which could occur,

the consequences of eachcombination of action and state

of nature,

an experiment or other device for obtaining knowledge

about the states of nature,

the available strategy telling the decision-maker which

action to take in the event of a particular observation

from the experiment,
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the consequences of each strategy for each state of

nature, as determined by the action ptobabilities,

a choice criterion by which the decision-maker solves

the final problem of choice.

They also distinguish between the data and the no-data

problem. The former incorporates all seven stated components, the

latter omits (4), (5) and (6).

In a sawinilling context the actions are the purchase of any

one of the sawmills, the states of nature are production alternatives

and the consequences are the payoffs for each combination of action and

state of nature. Suppose, for example, the final decision rests among

three mills with the net-discounted cash flows of Table 46. The net

discounted cash flow is the cash flow discounted at a rate of interest

desired by the investor, minus the investment. The probabilities of

the states of nature in Table 45 are prior probabilities, based on the

decision-maker's subjective or objective knowledge of the decision-

making environment. Based on this prior probability distribution, the

expected value of the net cash flows is highest for mill 3, which would

be the choice in this, the no-data problem.

The data problem in decision-making theory is characterized

by some experiment or sampling to determine more positively what the

true state of nature is likely to be. Experiments or sampling can be

costly and the potential gain may not be large enough to warrant

expenditures for additional information. In this instance, let us

assume that sample plot data collected by the Forest Service Inventory

Division shows the data of Table 47 for the general area to be operated.



TABLE 46 Net Discounted Cash Flows for Three Sawmills
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Production
Possibility

(Si)

Miii 1 Mill 2 Mill 3
Net Cash Flow

($'000)

Production
Probability

P (s1)

S 8 20 80

S2 90 100 120 .4

S3 250 200 180 .3

Expected
Value
EP(S.) (NCF) 113.4 106.0 126.0



TABLE 47 Rypothetical Forest Sample Plot Data
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Stand
Type
(Z)

Indicated Occurrence
of Small Log Supply

Total

P1 20 30 50 100

FP1 20 20 10 50

SP1 20 30 10 60

S 20 15 5 40

Total 80 95 75 250
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This table indicates that of 100 plotà in lodgepôle pine type (P1), 50

indicated a small-log supply of S3 per annum, 30 a supply of S2 and 20

a supply of S1. Similarly for the other timber types. Assuming the

erequency of plots in timber types represents the occurrence of timber

types, the probability data of Table 48 can be calculated. The chance

of a supply S1 given timber type P1(S1/Z1) is .20. Similarly S2/Z1 is

.30, S3/Z1 is .50 and the probability of Z1 (P(Z1)) is .40. Applying

the probabilities of Table 48 to the discounted cash flows for each

sawmill in Table 46 results in the strategies of Table 49. The expected

value of the cash flow for mill 1, given the P1 type (Z1) is observed,

is 153.6. For the other three timber types the strategy would be to

purchase mill 3.

As has been said, sampling can be expensive, so the question

raised is how much can be afforded for the Z data. The value of the

experiment (Halter and Dean, 1969) is calculated as the sum of the

products of the probabilities of Z observations and the strategies for

these observations, less the expected value of the no-data problem.

The expected value of the data problem in this case would be (.40)

(153.6) + (.20) (116.0) + (.24) (117.0) + (.16) (107.5) = 129.92. The

expected value of the no-data problem was 126.0 so the value of the

experiment is $3.920, which is the most that could be paid for the

sample data. If the sample data were to cost more than this the logical

choice for the decision-maker would be to go ahead and make the decision

based on present information, despite the uncertainty.



TABLE 48 Probability of Specific Small-Log Supplies Given
Specific Stand Types

Log Stand Type
Supply P1 PP1 SF1 PS

(S1) (Z1) (z2) (Z3) (z4)

P (S/Z)

.20 .40 .33 .50

S2 .30 .40 .50 .375

S3 .50 .20 .17 .125

P (Z) .40 .20 .24 .16
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TABLE 49 Stratete9 for Data Problem

EV/Z.. Mill 1 Mill 2 Mill 3
1
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Expected Values ($'OOO)

EV/ Z1 153.6 134.0 142.0

EV/ Z2 89.2 88.0 116.0

EV/Z3 113.9 90.6 117.0

EV/Z4 69.0 72.5 107.5
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This illustration of decision making under uncertainty has

considered only one discrete chance event -- annual log supply. In

many practical cases, however, there are several chance. events with

continuous probability distributions over a range in values. Combina-

tions of these chance variables can result in a whole range of possible

outcomes of choice criteria for one alternative. Uncertainty connected

with several variables can be handled readily by Monte Carlo simulation

(McMillan and Gonzalez, 1968). The general procedure is to (1) estimate

the range of values for each of the key factors which will influence

the choice criterion, and within that range the likelihood of occurrence

of each value; (2) select at random individual values from each distri-

bution of key factors, combine the values and compute the choice

criterion; (3) reiterate many times in order to define and evaluate the

odds of the occurrence of each possible value of the choice criterion

for each alternative.

These procedures can produce valuable information about the

sensitivity of the possible outcomes to changes in the input factors.

No single value projection should be pinpointed unless it is a

certainty. The simulation approach requires only an extension of the

input estimates in terms of probabilities.

Explicit use of decision-making theory helps force a consid-

eration of alternatives, defines problems for investigation and

clarifies for the decision-maker the nature of the risks he faces and

the estimates he must make. The discipline of thinking through the

uncertainties should itself ensure improvement in making investment

choices.



VII CONCLUSIONS

Statistical analysis of sawmill populations on the B.C. coast

indicates that there was a significant change in the distribution of

sawmilisby eight-hour capacity classes from 1955 to 1968. on the basis

of survival criteria the most efficient sawmills on the coast were in

the over 90 N fbm per eight-hour capacity class. In the interior, the

change in distributions from 1955 to 1968 was highly significant. The

implications of survival criteria for this region are that the smallest

capacity mills were the least efficient with the most efficient encom-

passing a wide range of capacities in excess of 40 N fbm per eight

hours.

EmpIrical yield studies Indicate that rate of lumber produc-

tion is a function of log size in most sawmills. Therefore sawmill

capacity, when defined as output per period of time, is a function of

log size. Not all sawmills are capable of processing all log sizes, so

for a valid comparison of sawmill sizes, sawmills should be stratified

into groups having homogeneous log populations, and the comparison of

scale made within groups of sawmills. Mill capacity can be established

by quantifying the relationship between log size parameters and lumber

productivity. Por some mills in B.C., this relationship was expressed

by a quadratic or cubic polynomial in diameter, with small logs not

always the burden on productivity traditionally assumed.

120
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For a given log population, the process function fo a sawmill

is linear and homogeneous of degree one. Variable inputs are combined

in fixed proportion. to the fixed plant and management. If decreases in

power costs per unit output for two- and three-shift operations are

greater than increases in labour costs per unit, with log costs constant,

then average variable cost per unit diminishes to sawmill capacity. In

this situation, profit-maximizing output will be at mill capacity, if

we assume a horizontal demand curve to the entrepreneur with price

exceeding average total costs per unit. If increases in labor costs per

unit are greater than decreases in power costs per unit for two- and

three-shift operations, or if log costs are an increasing function of

log usage, profit-maximizing output may be at less than capacity

depending on the intersection of marginal cost and marginal revenue.

The addition of plant and management costs per unit to

variable costs for groups of sawmills, stratified by log population

criteria, indicates that the long-run average cost curve diminishes

over the range of capacities investigated. Therefore, there are

economies of production costs per unit associated with increasing plant

scale in sawmills in B.C.

However, the one scale of plant is likely not the optimum for

all situations. Investment analysis is usually attended by decisions

which must be made in the face of factors of uncertainty. Decision-

making theory provides a framework for analyzing alternatives under

conditions of uncertainty, and should be put to greater use in sawmill

investment analysis.
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