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Recent developments in econometrics have engendered a broad

interest in the use of mathematical models to explain and predict

market behavior. This thesis is concerned with the construction of

econometric models to highlight the relationships which determine

prices, production, and new orders in the markets for sanded and

unsanded Douglas fir plywood.

The primary flow of plywood production is from mills (which

may vary from small, independent firms to manufacturing branches

of large vertically - integrated corporations) to wholesalers (either

independent or captive jobbers with warehouses) to retail lumber

dealers and final consumers. Although the composition of consump-

tion varies by grade and type of product, the bulk of both sanded and

unsanded types of plywood is consumed as a construction material.

To abstract the fundamental market structures, 'two five-

equation models were empirically derived to represent the sanded



and uxsanded plywood markets respectively.> In both models, quar-

terly plywood price, production, new orders, unfilled orders, and

wholesale inventories can be forecast one quarter into the future,

and the first three of these variables are determined simultaneously

by the systems of equations. Estimates of the structural parameters

of the models were obtained by the Theil-Basmann ( or two-rounds

least squares) method.

N For both models, clas sical negatively - sloping demand curves

and positively-sloping supply curves were obtained with the mill

price of plywood as the dependent variable. . The level of whole-

sale inventories was found to be a significant factor in the demand

for both sanded and unsanded types.> Total construction put-in-place

in the preceding quarter was shown to have almost the same effect on

the demand for sanded plywood as residential construction put-in-

place had on the demand for unsanded plywood. >On the supply side,

the productivity of labor appeared as an important factor in the sup-

ply of both products, and lumber was shown to be a competitive

product in the sanded plywood market. N

Comparison of various calculated elasticities from the two

models indicated some differences in the structures of the two mar-

kets. While supply elasticities were estimated to be of greater:mag-

nitude than demand elasticities in both case s, the elasticities of

price with respect to production and new orders indicated price to be



slightly more sensitive to buyers' actions than to sellers' in the

sanded plywood market but the opposite case in the unsanded plywood

market.

Forecasts for the year 1961 (the first year outside of the 1950-

1960 sample period) approximated real values extremely well. In

the case of sanded plywood, reduced form estimates correctly mdi-

cated the direction price, production, and new orders would move in

each quarter of that year. Ethtimation errors for this price index

never exceeded three percent of real values during 1961. Reduced

form forecasts for 1961 of unsanded plywood variables correctly in-

dicated the direction of change in the real variables eight out of

twelve times. In two instances prices estimation errors were six

percent of real values, and in two instances, less than two percent

of real values

It is felt that the overall results of the analysis compelled ten-

tative acceptance of th.e hypothesis that the economic models for

sanded and unsanded plywood markets, developed in this thesis, are

generally consistent with the true market structure of the industry

and are useful for economic analysis and forecasting.
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AN ECONOMETRIC ANALYSIS OF DEMAND AND SUPPLY
RELATIONSHIPS IN THE DOUGLAS FIR PLYWOOD INDUSTRY

CHAPTER I

INTRODUCTION

Despite the fact that the Egyptians are known to have laminated

layers of wood together (using animal glue) as early as 1500 B. C.,

and despite the fact that the Romannaturallst., Pliny, wrote a "text

book" around 65-70 A. D. onthe art of veneering wood,theproduction
'-of plywood in the United States presents a rather short history.

Although the American hardwood plywood industry is Ider,

the softwood plywood industry originated in the Pacific Northwest in

1905 Product improvement has since been effected so that today's

product line bears only an elemental definitional resemblance to the

animal-glued products of a scarce four decades ago.
In recent years, softwood plywood manufacturing has expanded

rapidly. From 1947 to 1961 the number of plants increased about

three and one-half times from 43 to 145. Output, however, in-

creased five-fold from 1. 7 billion square feet to 8. 4 billion square

feet (66, p.
1) All historical notes are taken from R. H. Buskirk, (11, Chapter 1)Buskirk cites C. G. Ceram, Gods, Gr,ves, and Scholars, New York,
Alfred A. Knopf, 1952. 418 p.
2/ Feet refers to the standard industry measure of one square foot
of 3/8 inch, unsanded, three-ply plywood. All quantity data referred
to in this thesis have been converted to this standard.
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Douglas fir plywood production in the United States is confined

to one geographical area, the Pacific Northwest. In 1961, Oregon

was the leading producing state, accounting for 65 percent of total pro-

duction. Washington and California ranked second and third with pro-

duction of 19 percent and 14 percent of total production, respective-.

ly. Idaho and Montana accounted for the remaining 2 percent of total

production (66, p. 1). At present, as in the past, Douglas fir ply-

wood is not encountering severe competition from other softwood

plywoods. However, one industry spokesman has indicated that,

within the next five years, a considerable inland and southern ply-.

wood sheathing industry could be developed (10, p. 35). This pro-

duction may become a significant competitive factor in the industry

at a future date.

With the bulk of the plywood industry centered in Oregon,

and because of its importance to thestate's economy, it is under-

standable that Oregon State University would undertake some basic

research in an effort to find solutions to some of the problems of

this industry. Many of the industry's problems are economic in

character and thus an econometric study was undertaken to discover

the underlying economic structure of the industry. This structure

is best described by demand, supply and other market relationships

which simultaneously determine price, quantity of production,
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quantity of new orders and other market variables.

/ Thus the objectives o this thesis are primarily empirical in

nature. The approach to model specification, the estimation proce-

dures employed, the evaluation techniques utilized - - all are related

to the primary objectives of: (1) discovering and analyzing the ef-

fects of important factors influencing market demand and supply at

the primary or mill level in the Douglas fir plywood industry and

(2) making predictions about market behavior.

In the course of attempting to achieve these objectives it will

be necessary to gain some understanding of the production and mar-

ket relationships extant in the industry. 'That is, in attempting to

formulate the relevant economic relationships in terms of mathe-

matical equations, it will be useful to know such things as dominant

industry marketing channels, the identity of competing products,

grades and types of plywood, and associated end-use relationships.

Foztunately, such descriptive information had already been

accumulated and was available to the researcher at the initiation of

this study (1; 10; 11; 54).!'For this reason, only a small portion of

this thesis is taken up with re-presenting the most important of

these product and market characterisçics. All such material is

presented in Chapter I.

!' Up to date information concerning market characteristics was
provided by Arthur Jones of the DFPA and other industry spokesmen.
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In Chapter II this information will be integrated with economic

concepts in the specification of a general model of the fir plywood in-

dustry. Chapter III outlines research procedures. The results of

aria.lysis are given in Chapters IV and V for sanded and unsanded

types of plywood, respectively. A final chapter summarizes and

points to important implications of the study.

Douglas Fir Plywood Production

Quantitative industry statistics concerning Douglas fir plywood

production are maintained and published by the producers' trade or-

ganization, the Douglas Fir PlywoodAssociation (DFPA), in Tacoma,

Washington. In addition, the DFPA stamp appears on all plywood

graded in accordance with the performance standards of the DFPA

and the industry commercial standards. This amounts to virtually

all Douglas fir plywood produced.

Buskirk (11, p. 349) gives (a portion of) the commercial stand-

ard CS 45-48 for fir plywood:

Douglas fir plywoodis a built up board of laminated
veneers in which the grain of each piece is at right
angles to the one adjacent to it. The kiln dried
veneer is united under high pressure with a bonding
agent, making the joints as strong as or stronger
than the wood itself.

Since 1958, industry statistics have been published on the
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basis of sanded and unsanded types of plywood.--1 Some mills are

engaged exclusively in the production of unsanded, while mills that

can produce sanded plywood have the added flexibility of producing

either type, depending upon market conditions.

While the production and consumption of all types of plywood

has increased, the unsanded grade-types have (collectively) enjoyed

a much greater relative increase in recent years than have the

sanded types. In 1950, estimates show sanded plywood types corn-

prised 85 percent of total plywood production. In1961, however,

the figure was down to only 57 percent.

Production costs vary between mills on the basis of size and

efficiency and by type of product produced. Sanding adds to produc-

tion costs and exterior types require a more costly bonding agent..

However, by ar the most costly input in plywood production is the

raw material, 1oSs.

Historically, plywood mills have depended heavily upon peeler
logs as a primary input.0 At the beginning of the sample period

!/ Technically, utypehl of plywood refers to the type of glue bond
used between theplys;exterior types utilize waterproof glue and in-terior types use moisture resistant, but not waterproof, glue. How-ever, reference ill:be mad& to sanded and unsanded types of ply-wood in this thesis.
2/ Plywood producers are made up of both small, independent firms
andlarge, vertically-integrated firms with captive warehouses and/
or marketing systems.
3/ Peeler logs are old-growth Douglas fir logs whose large sizes
permit relatively long, continuous lathe runs, which also result in
a higher proportion of top quality veneer.



(1950-1960) it is estimated that log consumption in the industry was

80 percent peeler grades and 20 percent sawlogs (11, p. 50-59). In

1954, Buskirk (11) estimated that the cost of peeler logs represented

more than 50 percent of total production costs. At present, log con-

sumption is estimated to be approximately 56 percent peeler grades

and 44 percent sawlogs, and the average cost of logs about 42 per-

cent of total production costs.!' The indicated shift toward utiliza-

tion of sawlogs in plywood manufacturing is undoubtedly due to the

decreasing supply of peeler logs (and their considerably higher

costs) as well as technological improvements which have made pos-

sible more efficient utilization of sawlogs.

Figure 1 shows the trend of log prices since 1950:1 Prices

appeared to level off in 1955 and to fluctuate around that level

through 1961.

The open market for logs does not constitute the only source of

supply. In 1951, for example, 48 percent of the logs utilized in ply-

woodmanufacture were purchased on the openmarket, while 37 per-

cent were being withdrawn from company owned timber stands (1-i, p.

50-5 Since firms owning timber stands must consider the

1 / Current cost information was made available by the Douglas Fir
Plywood As sociation.
2/ Prices are a weighted average (see Appendix-Definitions. . )of peel-r and sawlog market prices. The composition of the index remained
relatively constant during the period (approximately 1 / 3 peelergrades, and 2/3 sawlogs.
3/ The remaining 18 percent were obtainedthroughgovernment sales.



Dollars per
niil.board feet

Years
Fig. 1. -, Average quarterly log prices for number 2 and

3 peeler logs and number 2 sawlogs for Columbia
River, Gray' s Harbor and Puget Sound logging,
companies, 1950-1961.

opportunity costs of selling logs on the open market, it is the latter

prices that are relevant to this analysis.

The second major cost in the production of plywood is that of

labor. Technological improvement and the substitution of capital



for labor reduced the number of factory man-hours required to pro-

duce 1,000 feet of plywood from 15. 1 in 1935 to 11.8 man-hours in

1946 (74, p. 71). There is every reason to believe that this trend

has continued since 1946, as per hour labor costs have risen as in-

dicated in Figure 2.

Glue, sanding, patching and other costs, together with fixed

costs, make up the remainder of total production costs for the van-

ous types and grades of fir plywood. None of these appear to be ma-

jor costs, taken individually, and their effects will not be investi-

gated in this analysis.

Veneer Plants

It should also be pointed out that a sizeable annual quantity

of veneer is furnished directly to the mills to be processed into ply-

wood. In 1961, 82 veneer plants produced 1, 262, 490, 000 square

feet (1" basis), of plywood veneer, most of which (1, 205, 312, 000

square feet) was consumed in the same year by plywood plants. Of

this (latter) amount, however, only 688, 827, 000 square feet were

purchased from plants not owned or controlled by the consuming

company (66, p. 3). This represents only about 18 percent of the

total quantity of veneer consumed in the (plywood) industry in that

year and, consequently, this supply relationship will not affect the
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1

1

1

1

1950 '51 '52 '53 '54 '55 '56 '57 '58 '59 '60 '61
Years

Fig! 2. - Quarterly index of average hourly earnings - -
sawmill employees in Douglas fir region of
Western Oregon and Washington, 1950-1961
(1949 average = 100)

specification of economic models for the industry as a whole.

Marketing of Douglas Fir Plywood

A, complex system of rnarketchanneis exists ilithe fir plywood in-

dustry. Notonly doesaproliferation of types of 'middlemen' exist,

but their very categorization depends upon subjective definitions

which are not generally known or established in the industry.

! To illüstratethis cQmplèxity, interviewers àf one study found that
mill men were not always able to distinguish between, for example,
"sales companies" and "captive jobbers with warehouses" because
of the similarity of their operations (54, p. 7).
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However, in econometric analysis it is usually feasible to ab-

stract only principal market relationships and product (i. e., owner-

ship) flows in the form of mathematical equations. Hence, what fol-

lows will be an attempt to identify the most important channels

through which the bu11 of plywood production moves. Because we

wish to characterize the plywood market in recent times, yet still

refer to the sample period, the following presentation will be based

on the P. M. I. Market Guidebook analysis of market structure for

th year 1959.

Primary Markets

In 1959 nearly half (47. 3 percent) of the mill sales of plywood

was through (or to) sales companies and/or captive jobbers with
warehouses.V Independent jobbers with warehouses took nearly

1/ Information in the Marketing Guidebook (54, p. 1-6 1) is based on:
ti) jute rviëw s with executives of 87 plywood manufacturing companies
and 11 plywoQd sales companies in Washington, Oregon and Califor-
nia (2) interviews with 69 jobbers and 76 retailers and (3) mailed
questionnaires to plywood jobbers and retail lumber dealers. Total
production of softwood plywood by participating mills in 1959 was
5,932,000,000 squarefeet,.over78percentdLtheDFPA estimate of to-
tal industry production for that year.
21 Sales companies are independent or integrated businesses which
specialize in the sale of plywood but may also sell other forest prod-
ucts. They may handle part of all of the output of one or more ply-
wood mills, frequently on a contractural basis. They may or may
not operate warehouses. Captive jobbers with warehouses are es-
serztia.11y manufacturers' sales branches. Thus, integrated sales
companies with warehouses are also considered captive jobbers with
warehouses. The larger companies (jobbers) may have sales capac-
ity in excess of production capacity and may thus handle sales for
"outside producers". Independent jobbers (not owned by manufac-
turers) perform all of the wholesale marketing and sales functions.



Fig. 3. - Sales outlets used by fir plywood mills, 1959
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one-third (32 percent)of mill sales. Thus, at the primary market

level,, only two sources purchased nearly four-fifths of total mill

sales of plywood. Other sales outlets are included in Figure 3.

The role of independent jobbers with warehouses was much

larger, however, than would be supposed at first glance. Not only

d.d they take one-third of the direct mill sales but, in addition, they

eventually took 41.7 percent.ófthe sales of sales companies and cap-

tive jobbers. So, in point of fact, approximately 51 percent of

total industry production passed through the warehouses (not
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1 lumber dealers

distributors

outlets

actors and
rs

:rial consumers

Fig. 4. - Fir plywood distributors' sales outlets, 1959

necessarily in a physical sense) of independent jobbers in 1959.

Secondary Markets

In Figure 4 it is seen that 56.4 percent of distributors'(jobbers

with warehouse) sales went to retail lumber dealers. In addition,

retail lumber dealers purchased substantial quantities of plywood di-

rectly from mills and from sales companies so that, in 1959, they

also received approximately 50 percent of total industry production.

Thus, the retail lumber dealer must also be singled out as a
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Fig. 5. - Retail lumber dealers fir plywood sales outlets, 1959

primary factor in the marketplace.

An extension of this analysis to the sales outlets of retail lum-

ber dealers is needed to identify the principal consumers of plywood.

The principal market for retail plywood sales was the construc-

tion market (Figure 5). Contractors and builders took 58. 3 percent

of retailers' plywood sales, while "captive" builders took an addi-

tional 8. 8 percent in 1959. Over the counter sales, much of which

is undoubtedly also used for construction purposes, accounted for

an additional 21. 1 percent of retail sales. Only 8. 0 percent went to

industrial consumers.
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Considering all sources of supply, builders and contractors

alone accounted for approximately 51 percent of consumption, while

industrial consumers accounted for only about 26 percent (54, p. 25).

The proportion of plywood moving into construction was probably

closer to 65 percent of total consumption ii "doityourself" and

farm construction were included. Indicators of construction activity

would appear to be of considerable importance in a realistic formu-

lation of derived demand for plywood.

Changes in Consumption Patterns Over Time

It is interesting to compare the estimated composition of ply-

wood consumptionin 19Slandin. 1962 with the figures just given for

1959. Figure 7 shows the latter consumption estimates; Figure 6

shows Alderson and Sessions' (1) estimates of plywood utilization by

types of consumer in 1951, while Figure 8 shows DFPA estimates

for l962.-' While the three sets of estimates are not strictly corn-

parable, since they were not based on a single definitional basis,

the overwhelming growth in importance of the demand for plywood in

the (particularly residential) construction industry is clearly evident.

The apparent rapidity of structural change (at least on the demand

side) in the industry clearly warns against the extension of a sample

! Alderson and Sessions' data appear in Buskirk (11, p. 126). The
DFPA estimates are from a recently-concluded study.
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period far into the past if a valid structural analysis is desired.

Consumption by Sanded and Unsanded Types

The only quantitative information available concerning utili-

zation of plywood by sanded and unsanded types is for the year 1962.

The information is given in Table 1.

TABLE 1. -Consumption of sanded and unsanded plywood 1962a

Final User
(Percent of total consumed)

Non-
Residential

Construction

Sanded
Types 17.1

Residential Indus- Agri-
Construction trial cultural

36.6 27.4 2.1

Other

Unsanded
Types 14. 5 60.4 16. 1 2. 3 6. 7

a This information was made available to the author by Arthur
Jones of the Douglas Fir Plywood Association.

If the general relationships shown in the table held during the

sample period, residential construction activity should show up as a

highly significant determinant of demand for unsanded plywood in a

structural model of the industry.

Competitive Products

The success of plywood in the construction materials market
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has come largely at the expense of lumber. In addition to its pos-

session of certain desirable structural characteristics, a primary

reason for the use of plywood by builders appears to be an economic

one, it saves construction labor. Buskirk (11) remarks that, "the

motives (sic) of appearance, durability, and strength are secondary

to cost saving aspects of the material." This fact suggests that con-

struction wage rates might be an important long run factor in the

demand for plywood.

During the period 1950-1960, plywood faced relatively little

competition from particle boards, fiberboards, and other synthetics.

The real degree of competition is not easily ascertained since his-

torical prices for these commodities are not readily obtainable.

However, it appears that synthetic materials (including plastics and

metals) will offer increased competition in the future.

The industrial market for plywood is extremely difficult to

characterize because of the great diversity of uses to which the prod-

uct is put. Hardboards and fiberboárds appeare.d to offer stronger

competition in this market, than in the construction market,'but lum-

ber remained the strongest competitor.

Exports and Imports

Annual export volumes of softwood plywood are quite



insignificant. In 1959, (an unusual year in that a general industry

strike in Canada opened, to a degree, a new market for plywood)

total exports amounted to 71, 862, 278 feet, a little less than 1 per

cent of total production for that year (71). Similarly, a 20 percent

tariff duty precludes any substantial imports of softwood plywood

into the United States(10, p. 33).

Concluding Remarks

The descriptive material presented in this chapter provides a

fundamental basis for analysis. The other basis, provided by the

subject matter of economics, is presented in the following chapter

simultaneously with the specification of a set of hypothetical market

relationships to be investigated.
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CHAPTER II

SPECIFICATION OF MARKET STRUCTURE
IN THE DOUGLAS FIR PLYWOOD INDUSTRY

In the preceding chapter various aspects of the Douglas fir ply-

wood indü stry. wer;e described. In. this chapter the preceding infor

mation about the market place will be, combined with economic con-

cepts in the specification of mathematical models capable of gener-

ating price and quantity forecasts. /In addition, estimation and iden-

tification problems in simultaneous equation systems are discussed.

In the following chapters these models will be analyzed and evalu-

ated according to their apparent predictive capabilities and the in-

formation they contain about market relationships.

Demand Relation

Consumer demand is. defined as the quantity of an economic

good demanded during a given time period and is considered to be

a function of the price of that good, the prices of competing and corn-

plementary goods, and disposable income in that same time period.!'

Demand is. thus characterized as a commodity flow per unit of time

and is related directly to the consumer (31, p. 6-41).

1/ The usage of the term, 'is a function of", is discussed, along
with the problems of causality in economic relations, in Wold and,
Jureen (79, p XIII, 53) and H A Simon (56, p 40-74) Functional
terminology, and nótatioxi.till: be .adopte4 in this paper.
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In obtaining an empirically meaningful relationship for demand,

variables are specified for that equation which are hypothesized to

materially affect buyers' decisions In the final analysis, of course,

certain of these variables may be found to be statistically insignili-

cant and thus eliminated. It will be remembered that the relevant

demand in this analysis is a derived relationship incorporating the

interaction between three distinct functionaries of the mrketplace:

producers, wholesalers and retailers or consumers.-' The inter-

action between production andwholesale levels must not be over-

looked in specifying the determinants of derived demand.

Disposable income was listed above as one of the determinants

of demand. Although national income could be used as a variable in

a demand equation, its affect upon demand for plywood is reflected

largely through changes in the level of building and construction ac-

tivity. Hence these latter variables were of more concern than in-

come itself. The construction activity data are published by the U

S. Department of Commerce (69).

Concerning goods that are competitive or complementary with

plywood in its major market (building materials), only lumber ap-

pears to have been important during the sample period. As pre-

viously pointed out, however, plywood competes with labor in the

! Since most retail lumber dealers apparently do not c rry large
plywood inventories,itis assumed for analytical purposes that the re-
tailers and consumers are one "group" --acting simultaneously.
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construction market because it is considered desirable to substitute

plywood for labor in a rising construction labor wage market. Thus,

it also seems worthwhile to investigate empirically whether or ot

this has been a significant factor in the demand for plywood.

Summarizing, it would appear reasonable to formulate a pri-

mary (mill level) demand equation in the general form:

Nt ('t' 'wt' '' C_1, Lt_i, At_i) + et

where: t = time period (to be specified),

t-1 = previous time period (denotes a lagged variable)

N = total new orders (for plywood) received at mill,

P = average mill price of plywood,

wholesalers? (warehouse) inventories,

= average wholesale price of plywood,

L = average price of lumber,

A = average hourly wage paid to construction workers,

C = value of construction-put-in-place,

e = error term..

Supply Relation

A rational framework.for the specification of.an industry supply

relation is provided by the abstraction of entrepreneurial maxirniz ing

behavior (12.; 31, p. 42-84). The quantity of an economic good
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supplied during a given time period is a function of the price of

the commodity, technology and factor costs of the industry, and the

prices of alternative products (which the industry might produce)

In economic analysis, technology, being unmeasurable, is not iso-

lated as a determinant of supply but is left to work implicitly through

the various cost components of production.

It was seénintheprecéding chapter that the primary cost corn-

ponent of plywood production is peeler logs. However, as peeler

logs have become scarcer and higher-priced in recent years, it ap-

pears that sawlogs may have been substituted, to some extent, as

the basic input. Thus both inputs willbe considered as determinants

of primary supply. The remaining important variable cost, labor,

will also be considered.

In addition, the capacity of the industry may be considered a

determinant of aggregate supply (at least in the limit) and its influ-

ence upon supply needs to be investigated. Finally, it is supposed

that the existing level of unfilled orders in the industry is a factor

considered in mill production decisions.

: Again the preceding concepts may be generalized into a pri-

mary supply equation for plywood:

1/ Unfilled orders represent the total quantity of plywood (at the
end of a given reporting period) for which orders have been received
by mills but for which shipments have not been made.
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= g(P, S, U, W_1, Di Btl) a) + et

where: Q quantity of plywood produced by all mills,

W average price of logs,

D = average level of stumpage prices,

B average hourly earnings sawmill employees,

ap average price of alternative products,

S = industry capacity,

U quantity of unfilled orders for plywood.

It should be noted that, generally speaking, the quantity of a

good produced in a given time period is not equal to the amount sup-

plied in that period. The most notable exception to this statement

is encountered in the case of highly perishable agricultural commod-

ities which must be moved within a short period after harvest. How-

ever, according to industry spokesmen, mill inventories are almost

negligible in the plywood industry and thus have no influence in price

formation or upon other market relationships.!' This, then, is the

reason that the supply equation was formulated in terms of produc-

tion; i. e. , in the absence of significant mill inventory capacities,

the quantity of plywood produced will very closely approximate the

quantity of plywood offered for sale.

1/ Thë DFPA estimates that the average mill inventory in 1962
was equal to less than ten days production and total industry mill
inventory capacity was equal to approximately 350 million square
feet.
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Wholesale Demand for Inventories Relation

In specifying the derived demand for plywood the important

relationship between wholesalers and producers was stressed. Ac-

cording to at least one industry spokesman the general lack of mill

inventory capaci'ties affords plywood middlemen (who have greater

inventory capacities) considerable leverage in pricing actions (10,

p. 28). Because of this situation, it appears quite important

that a wholesale inventory relation be investigated in a structural

model of the industry.

Realizing that one of the primary functions of the warehouser

is speculative - - to even out the seasonal disparity between produc-

tion and demand - - it wouldnaturallybe supposed:that the vholesa1er

would predicate his actions primarily upon expectations ; namely,

upon expected (future) plywood prices. Thus, it seems reasonable

to designate lagged variables . g.,wholesale price in the preceding

time period (P )Jas indications of future market behavior. In
Wt_ 1

this respect, the volume of construction put-in-place inthe preceding

quarter would also give an indication of future demand for building

materials.

For now, all expectation variables will be designated by an

asterisk (*), specifying their actual form prior to estimation Thus,

considering the most plausible determinants of wholesalers? demand
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for inventories, in general:

= h(P, tl 'w1 + e

where: P = expected (future) wholesale price of plywood,

and other variables as previously defined..

Two things should be noted in passing. First of all, it is hy-.

pothesized that expectations also play a role in the demand and

supply relations previously specified. In fact, expectations play a

role at all levels of the market. The inclusion of lagged variables

to reflect expectations in other equations of the model thus seems

justified.

Secondly, from the standpoint of expectations, selection of an

appropriate time period in which to measure commodity flows and

market relationships is of utmost importance. If too long a period

is chosen, variability may be obscured by averaging, and the expec-

tation variables rendered meaningless. When forecasting is an ob-

jective, selecting too short a period raises problems relating to the

availability of data.

Capacity Relation

In a previous section industry capacity was suggested as a de-

terminant of supply. Thus it becomes necessary to specify an equa-

tion which explains the changes in this variable.
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As with wholesaler inventory positions, expectations play an

important role in determining investment in plant and equipment and,

thus, in productive capacity of the industry. The growth relation

then is primarily an investment function and could be expected to

reflect investors' feelings about long term profitability in the indus-

try. Thus selecting indicators of profitability (lagged variables) the

industry capacity relation may be written:

S = k( P, C, W', Rt - i + e

where; s = change in production capacity of industry,

R ratio of production to capacity

P, C, and W as previously defined.

Accounting Relation

Data which are generated by existing market sources imply

some equilibrating relation between supply and demand. It is cus -

tomary to write, Supply = Demand = Sales, as an equilibrium condi-

tion.However, sinde it was pos sib1eto distinguish betweennew orders

(Nt) and production in the specification of supply and demand

relations, it becomes necessary to explain the relationship between

the two variables.

The Douglas Fir Plywood Association indicates that the
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following relation should hold approxi.mately:!'' Q = +

Because, however, ôf:lthe (substantial) error involved, the following

stochastic accounting relation was specified:

= L(N+ ZITt) + e

where: = = the change in the level of unfilled orders

from the end of the previous time period

(or, equivalently, the beginning of the

current period) to the end of the current

time period.

A Structural Model of the Irdustry

In econometric model construction there exists no unique way

of constructing equation systems to describe economic behavior.

As Klein (36, p. 21) points out, the econometrician begins with a

"variety of hypothetical systems" before the main statistical work

(of estimation) is begun. Each hypothesis must ultimately be ac-

cepted or rejected on the examination of relevant empirical data.

Sample data usually employed in econometrics are likely to be con-

sistent with a variety of hypotheses.

1/ The exact relation intended to hold is shipments new orders
+ change in unfilled orders. Mr. H. A. Peterson of DFPA indicated
there is a 1 1/2 - 2 percent fall-down between shipments and pro-
duction on the average. Actually reporting errors, unaccounted for
changes in mill inventories, and the estimation of nonassociatedmills activity add an additional random element to the above error.



/ The hypotheses to be examined in this study are derived from

economic constructs and a limited knowledge of industry relation-

ships and characteristics. Specifically, the analysis assumes that

the plywood industry is competitive, that the structural supply, de-

mand, and other industry relationships can be closely approximated

by linear relations, and that mill price and quantity relationships

are determined simultaneously by the interaction of producers,

wholesalers, and consumers in the market. Within this frame-

work, however, models of varying degrees of sophistication are

admis sable.

The various uses in which the terms model" and ttstructure

or "structural" are employed should be distinguished. In most econo-

metric literature, structure refers to the process by which a set of

economic variables is generated. Thus, for a structural (demand)

relation, the actual process by which a variable in that relation

(price) is generated is necessarily implied..

The set of structures compatible withthe investigator's sta-

tistical specification is called a model. More specifically, the set

This is the approach pioneered by the Cowles Commission and is
opposed, for example, by the view advocated by Wold and Jureen (79)
and others that economic systems are frequently recursive (rather
than simultaneous) in nature.
at Hildreth and Jarrett (32, p. 6) and Foote (25, p. 7) so define
structure. For a more complete discussion of the role of struc-
tures and models, see Hood and Kooprnans (33) and J. Marschak (42).
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of structures consistent with all the assumptions of the investigator

is called the statistical model. Thus, the objective of econometric

investigation is to work toward a statistical model reflecting the

true structure of the industry.

A Simultaneous Equations Model

Combining the various market relations previously specified,

the following system of linear equations is presented to represent

one structural model of the Douglas fir plywood industry:

Demand Relation

Nt = a0 + aiPt + a21 + a P + a.4Ct 1 + a5Ltiw

'I-

+a6A + + e

Supply Relation

= b0 + biPt + b2S + b3Wt_i + b4Dt
1 + b5Bti

a
+ b6 P_ + f(V2) + b7Ut + e2

Whole sale Inventory Demand Relation

I c +c P +c P +cC +cAI +ewt 0 1 wt 2 w 3 t-1 ±w_1 3t
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Growth Relation

= d0 + d1P + dzCt + d3W + d4R' + e4

St =S + LSt-1 t

Accounting Relation

e' =h0+hiN+h2zJJt+ 5t

where: e1, e2, e3, e4, e5belongtothe class of allnormal distribu-

tions, with zero expected values, and

f (V1) denotes the (additional) relevant expectation van-

bles in the equation, and the other variables are as pre-

viously defined. The coefficients to be estimated are the

sets of a's, b's, d's and h's.

The necessity for dealing with simultaneous multi-equation

models arises from the non-experimental nature of the data utilized

by the social analyst. If economists, for example, were able to

conduct controlled experiments imposing various price and income

combinations upon consumers, it would be possible to observe a

large number of points on the "tru&' demand curve for a given

commodity through time Thus a single relationship, a demand

function, could be generated. However, in the marketplace, such

variables are never imposed in any manner of speaking, but exist

at discrete points in time as functional relationships, determined
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simultaneously by the interaction of buyers and sellers. That is,

the observed values of such (price and quantity) variables are the

equilibrium solutions, through time, of demand, supply, and other

relations such as those described above.

Variables determined in such a manner are designated endo-

genous variables in econometric models. In the model specified,

Q N and are considered to be endogenous variables
t t

--all supposedly being determined simultaneously in the relevant

time period (t). On the other hand, exogenous variables are those

determined outside the structure specified above. It ap-

pears relatively safe, for example, to call an exogenous variable

in the above structural model, although an imposed condition such

as Ttgovernment expenditures for military construction provides a

more classic example.

Finally, lagged values of the endogenous variables plus the

exogenous variables are grouped together as Itpredetermined van-

ables. In the above model or subsequent modifications of it,

Pt_is Nti, P ' I V., etc.,,arepredeteriined
t-1 t-4 t-1

variables.

Estimation in Simultaneous Equation Models

A statistical model comprises a system of equations in which
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the jointly-dependent endogenous variables are functions of the pre-

determined variables and the random error terms. This means that

for any given set of values for the predetermined variables, the

joint distribution of the jointly-dependent endogenous variables is

given implicitly by the joint probability distribution of the error

terms. It is this distribution that forms the basis for parameter es-

timation in the multi-equation model. If maximum likelihood esti-

mates are to be obtained, the assumptions made about these error

terms are all important.

With simultaneous systems, certain assumptions are almost

always made about these variables as a matter of convenience. In-

deed, even with simplifying assumptions, the task of estimation is

often so great that the use of simplified techniques of estimation is

!/ Maximum likelihood methods are fundamental to the field of eco-
nometrics. The basic notion is that the likelihood of obtaining any
particular sample can be maximized by assigning certain value to
the unknown parameters of the model. These values are maximum
likelihood estimates.Valavanis (75, p. 29-30) illustrates this with the single-equa-
tion model: C = a1 + a2Zt + et. A sample of C and Z is obtained (N
observations). Let L stand for the probability of the sample and q
for the probability that the random term will take on the values el,
e2, . . . e. Then:

L = detJ q(e1, e2, . . . e)
Where detJ is the Jacobian of the probability distributions of

e with respect to the endogenous variables (C in this case). To
maximize the likelihood of obtaining the sample, the pair of values
a1 and a2 is chosen that makes L as large as possible.

Traditional least squares estimation is synonomous with
maximum likelihood estimation for single equation models.



also required. The following assumptions about the error terms

were made concerning the simultaneous models developed in this

study:
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Given a system of K stochastic relations K equations and er-

ror terms),

1.. Each e. is a random variable, i = 1, 2 .. .K;it
2. Each e. has zero expected value , i. e.. the mean of the

joint distributionis the vector 0 (0, 0, . . . 0);

3. Each e. has a constant variance;
1

4. e1, e2 .. . eç are jointly normally distributed;

5. No e. is autocorrelated (in successive time periods);

6 No exogenous variable (in any equation) is correlated with

any e1(past, present, or future) of any equation in the

model;

7. The disturbance of one equation is not correlated with the

disturbance in any other equation of the model in the same

time period, i. e. cov(egt. eh) = 0 for g h.

A discussion of the implications of these assumptions is be-

yond the scope of this thesis. That not all of them are strictly met

in most economic models is certain. For example, Assumption 5

is almost certainly violated in autoregressive relations involving

economic time series where many of the predetermined variables



34

are lagged values of the endogenous variables.

The properties of the maximum likelihood parameter esti-

mates are affected by violation of these assumptions and much liter-

ature in the fields of econometrics and statistics is devoted to in-

vestigating these effects.--' In general, the demonstration of the

superiority of sophisticated maximum likelihood estimation tech-

niques over traditional least squares regression procedures for

structural estimation inmulti-equationmodels is not affected.

One of the objectives of this study was to describe and analyze

the structure of the fir plywood industry. It is this requirement

that necessitates the use of maximum likelihood methods of estima-

tion. That is,if demand and supply elasticities for plywood are to

be estimated, it is essential that the least biased parameter esti-

mates be obtained (given the resources available for research). /It

can be shown that least squares estimation applied to a single equa-

tion in a structural system yields biased parameter estimates.

1/ A number of the references listed in the Bibliography re of thisrpe. For example, see Orcutt (48), Orcutt and Cochrane (51),and
Meyer and Miller (43). The problem of appropriateness of estima-
tion procedures is also discussed in standard econometric texts
such as Klein (36), Valavanis (75), Tihtner (63), etc. and in various
Cowles Commission monographs; e.g., Hood and Koopmans (33)Koopmans (39).
Z/1tisthea priori specification of the entire system, not the as-
sumption s about;the err or terms, that determines appropriateness of
estimation procedure.
3/ The requirements of estimation methods for purposes of fore-casting (as opposed to pure structural analysis) are discussed in alater section.
4/ This is often demonstrated by "Haavelnio's Proposition"(75, p.
4-66).
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In general, full information maximum likelihood methods are re-

quired to obtain unbiased estimates, although, as previously men-

tioned, approximations to full information are usually adopted in

practice.

Because of its simplicity and generality, it was decided to use

the Theil-Basmann method for estimating the structural relations

in the plywood models. !" Klein (37;, p. 149) shows that Theils meth-

od (also called "two-rounds least squares") is "the same thing as

the method of instrumental variables, using a particular linear corn-

bination of instrumental variables and leaving no rooin.for.arbitrary

selection.".i Valavanis (75, p. 127-128) shows its relation to least

squares estimation, the method of unweighted instrumental variables,

and the method of limited information.

Basmann refers to parameter estimates obtained by the pro-

cedure as Generalized Classical Least Squares (GCLS) estimates.

Henceforth, we also will use the abbreviated title, GCLSin referring

to these structural estimates.

In general, GCLS estimates are biased, but presumably less

than least squares estimates of structural parameters in a sirnul-

taneous system. Wallace and Judge (77, p. 16) point out an unde-

sirable aspect of the method in that the normalization choice (i.e.,

1/ The method is attributed to both Theil (60) and Basmann (4).
2/ Foote (25, p. 65-67),Wallace and Judge (77), Valavanis (75, p.
126-128) and others have also discussed the method.
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choice of the dependent variable) conditions, in part, the parameter

estimate. In this regard, the limited information method is super-.
1/br. -

Identification in Simultaneous Equation Models

Problems of identification loom large in econometric liter-

ature. Despite the esoteric sound of the word, the issue of identifi-

cation arises basically as an attempt to formalize rules for deter-

miring whether or not the individual unknowns (coefficients) in a

system of equations can be uniquely estimated.

/ In algebra it is commonly known that, in order to solve for n

unknowns, one must have n different equations relating some or all

of these unknowns together. Similarly, rules have been constructed

for determining whether or not the unknown coefficients in a system

of structural equations can be individually uniquely determined or

whether they are underidentified (no solution exists) or overidenti-

fied (more than one solution exists)

Aithougli it was not made apparent at the time, a vast number

!/ The limited information method is developed by Anderson and
Rubin (2;3). See also Hood and Koppmans (33, p. 162-185) and
Valavanis (75, p. 118-125).
2/ As Valavanis (75, p. 85) notes, lack or presence of identifica-
tion may be due:(a) to the actual values of the unknown parameters
of the model, or (b) to the particular sample data drawn or (c) to the
a priori specification of the model. For a more thorough treatment
of the subject see Koopmans (3&).
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of priori restrictions were incorporated into the model developed

in this chapter. For example, variables of the National economy

were excluded, any one of which undoubtedly has some, though per-

haps rather insignificant, effect in the plywood market. Each ex-

clusion represented an a priori restriction on the model ( in effect

stating that the value of a variabl&s coefficient is equal to zero).

If it is desired, exact identification can always be obtained by plac-

ing such constraints on the a priori values of equation parameters.

Since exactly identified equations can be properly estimated by tra-

ditional least squares techniques, there obviously exists a tempta-

tion to make ones icnowledge of the marketplace conform to the

specification of exactly-identified models. Although all economic

relationships may be necessarily underidentified, mo St econometric

models contain overidentified. relations and the structural models

developed here are of this kind. In economics overidentification

usually arises due to the necessity of over simplifyingmarket struc-

ture so that estimation and forecasting become feasible. Theil -

Basmann, limited-information, and other approximations to full

information maximum likelihood techniques have built-in mechan-

isms for selecting single estimates for overidentified parameters in

such systems.



Models for Economic Forecasting

A complete model is one that contains one equation for each

endogenous variable (25, p. 9)..!! In general., complete models are

required for purposes of economic forecasting.

Referring to the statistical model previously specified, it is

seen to be an incomplete model and is incapable of generating pre-

dictions for the various endogenous variables for the time period t.

In order to meet the dual objectives of describing market structure

and making price-quantity forecasts, thea priori specification must

be modified in some way. Two alternatives exist.

First, it would be possible to specify additional statistical re-

lations explaining the determination of certain of the endogenous van-

ables other than P, Nt,Q andJ. . For example, a relation could be
t

specified explaining the level of unfilled orders (Ut), (a quantity de-

termined jointly by the decisions of producers and wholesalers),

by the following stochastic relation:

U k(I, Nti, Pt, Ctl, U1) + et

Thus, the level of unfilled orders in time t is made a function

of present and expected prices, of expected demand, and of
1/ Note that the theoretical concept of a Hcomplete model" explained
by Hood and Koopmans (33, p. 113-126) is in no way related to the
sense of the term employed here.
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an adjustment in the level of unfilled orders in the preceding period.

In addition, awholeàale supply function could be specified::

I q(P , P, Q, Z)+ews w t t t tt t

where Z represents wholesalers' relevant costs: and expectation:

variables.

Unfortunately, little data are available concerning plywood

wholesalers' costs (other than mill plywood prices) and the scarcity

of information makes it impossible to distinguish between the two

hypothesized equations relating to the wholesale sector of the mar-

ket, That is, the inclusion of both equations would yield only bogus

relations in the model.

Therefore, it was decided to complete the model by eliminating

wholesale price (P) as an endogenous variable and specifying only
t

one (mixed) wholesale inventory relation in which the level of inven-

tories is a function of wholesale price expectations, mill price (Pr,

a cost item), production and the other (predetermined) van-

ables previously specified for the original wholesale demand rela-

tion

With these modifications, a complete forecasting model of the

fir plywood industry is obtained. This represents the general

1/ That is, a model containing six equations and six endogenous
variables (t Nt. 'w' AS, and U).

t t t
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forecasting model to be investigated in this thesis. Subsequent re-

visions of this basic model yield the actual forecasting 'models for

sanded and unsanded types of plywood to be presented in this analy-

sis.

Forecasts from Reduced Form Equations

Given a complete model, it is possible to solve for each of the

endogenous variables of themodel in terms of all of the predeter-

mined variables. The coefficients of the resulting set of equations

(called the reduced form equations) can properly be estimated by

traditional least squares techniques since each endogenous variable

is now a function only of predetermined variables. If the investi-

gator's only interest is in predicting the values of the endogenous

variables, this appears to be a perfectly appropriate procedure.

As was previously noted, if estimates of the coefficients of the

original structural equations are desired for other than forecasting

purposes, more sophisticated methods of estimation must be applied

to these relations That is, there is no way to derive the structural

(maximum likelihood) coefficients algebraically from the reduced

form equations.

However, the process can be reversed and, once the structural

I! Each reduced form equation is now exactly identified.
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coefficients of the individual relations have been estimated, another

set of reduced form equations can be derived algebraically from

them. The forecasts obtained from this second set of reduced form

equations will be exactly equal to the simulta.neous solution of the

original structural equations (with maximum-likelihood coefficients)

for the endogenous variables. In practice with the computing facili-

ties usually available it is easier to solve the system simultaneously

than to algebraically derive reduced form equations; consequently,

the forecasts to be presented in later chapters were obtained in this

manner.

The problem thus arises as to which forecasts to use; those

from the least squares reduced form equations or those from the

algebraically-derived maximum likelihood (GCLS) reduced form

equations?
1/Valavanis (75, p. 132) discusses this problem. Consider

the model 3y + Fz = U where U has all of the simplifying proper-

ties, 3 is:the matrix of coefficients on the endogenous variables y

(vector), and r is the matrix of coefficients on the exogeneous van-

ables z (vector). The reduced form is y liz +V where
fl -p', v=p U . The reduced form contains the eEitire set

1/ The following notation is understood to be matrix notation
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of exogenous variables whether the original form is exactly, over -,
or underidentified.

Maximum like likhood estimates minimize

gl...tg gt: tzl...
with respect to the 's and s, (GCLS approximates this).

The reduced form minimizes

vztg gt

with respect to the fl's.

In arguing for maximum likelihood forecasts Valavanis con-

cludes:

Naturally, the two procedures are not equivalent,
and. . . the second guarantees that rei)ivals will
be forecast with minimum variance. - But what
is so good about forecasting residuals (author's
italics) with minimum variance? The forecasts
themselves (author's italics) in both cases are
(in general) biased, but the forecasts by maximum
likelihood have the greater probability of being
right (75, p. 132-133).

This is to say, in a post-sample year, if all disturbances are

zero, maximum likelihood estimates forecast perfectly, while re-

duced form estimates forecast imperfectly. However, if distur-

bances ae nonzero, both methods forecast imperfectly (since both

possess biasédmeans) but the reduced form forecasts are less

!' Provided the sample is large enough, the structure remains un-
changed, and exogenous variables staywithin their sample ranges.
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dispersed around their (biased) mean.---'

In practice, appropriateness of procedure depends upon the

goals of the inçlividual researcher. If the goal is to achieve the best

average results in forecasting (as is the case in this thesis) then the

least-biased technique should be chosen. Unfortunately, for finite

sample sizes, it is unknown whether least squares or GCLS fore-

casts are less biased.

Because the issue is unresolved, Christ (15, p. 397-398) rec-

ommends that both types of coefficients (and, presumably, estimates)

be published in the hope that empirical evidence will eventually in-

dicate which method is to be preferred under specified circum-

stances. That procedure will be adopted in this thesis.

Summary

The present chapter has utilized information about the fir ply-

wood industry in specifying the relations to be investigated in this

analysis. Estimation and identification problems relating to sirnul-

taneous systems of equations were discussed. Next the require-

ments of a forecasting model were mentioned and an additional

!' The properties of these various forecasts are shown pictorially
in Valavanis (75, p. 133).
21 For a comparison, based on Monte Carlo methods, of least
squares reduced form estimates with algebraically -derived maxi-
mum likelihood estimates, see Foote (25, p. 128-142).
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relation for unfilled orders was specified in attempting to complete
a general forecasting model for the industry. Elimination of whole-
sale price (P) as an endogenous variable, and the combining of the
two wholesale relations, led to the six equation model:

2. 1 JDemand Relation)
Nt = a0 + aiPt + a2I + a3Ct i +a4L

1 +a5At +f(vp+ ei

2. 2 (Supply Relation)
b0 + b1P + bZSt + b3Ut + b4W1 + b5D1 + b6Btl

b7Pti + f(V2) + e2

2. 3 (Wholesale Inventory Relation)
+cI +cP +eI c +c

o
+ c2Qt + c3P + c4Ct1 5 w1 6 w 3t

2. 4 (Growth Relation)
+ dC' + d3W + d4R + f(V) + e4

2. 5 (Unfilled Orders Relation)
U g + g1I + g2P + g3P + g4N + g5C1 + g6Ul

+ f(V5) + e5

2. 6 (Accounting Relation)
Q =h +hN+h LU+et 0 1 t 2 t 6t

where all variables are as previously defined and a, c., d1, g.,

and h are coefficients to be estimated.

The endogenous variables N, Q , I , S , arid U can bet wt t t

forecast for time t, given the values of the predetermined variables.

Finally, two types of forecasts, least squares reduced form
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(RI) and GCLS, and their properties were discussed in the preceding

section.

The following chapter discusses the investigationprocedures

and methods of presentation o results, related to the analysis of the

general forecasting model given above.
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CHAPTER III

INVESTIGATION PROCEDURES

It was mentioned in an earlier chapter that the plywood indus -

try has grown rapidly since the turn of the century. There is no

doubt that the market structure of the industry has changed rapidly,

also. For this reason it was decided to include data only for recent

years in this analysis. Specifically, the il-year period, 1950-1960,

was selected as the sample period and data were gathered and sum-

marized on a quarterly basis for that period. Elimination of the

third quarter of 1954 from the analysis (because of an industry-wide

strike during that period) reduced the total number of quarterly ob-

servations from the sample from 44 to 43 observations.

In addition, data were obtained for 1961 so that four quarterly

forecasts could be made and compared with the actual values for

data outside the sample period. This test of the models was con-

sidered to be the most meaningful and powerful one available.

Quantity of production and new orders includes all grades and

types within the sanded and unsanded categories.!" The two price

indexes (for sanded and unsanded types) however, were obtained

from a sample of plywood firms and contain the weighted (by

1/ All cIehnitions of variables and data sources are given in Appen-
dix 'I.
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volume) realized prices of the grades and types given in Table 2.

TABLE 2. - Components of price indexes,
sanded and unsanded types of Douglis fir plywood 1960a

1960 percent of
Grade total shipments

Sanded types plywood

Interior AB 3. 66
Interior AD 21. 87
Exterior AC 13.70
Exterior BB 5. 68

44. 91

Unsanded types plywood

Interior CD 27.05
Exterior CC 1. 37

28. 42

a Dougl. Fir Plywood Association, Geographical Analysis, Ship-
ments Douglas Fir Plywood, 4th Quarter, 1960.

As can be seen from the table, these grades together represent the

bulk of all plywood shipped by the industry, and hence individually,

the bulk of their respective categories.

Discovering Empirical Relationships

The usual approach to structural analysis involves (a) specifi-

cation of the model, (b) estimation and testing, and finally, (c) re-

vision, re-estimation, and re-testing until satisfactory results are

obtained. This is a tedious process that seriously limits the
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absolute number of alternative formulations that can be considered.

Great importance is thus attached to the investigator' sa priori

knowledge of the market since relatively few alternatives can be con-

sidered. K slightly different approach was taken in the present an-

alysis as primary emphasis was placed on discovering empirically

the approximate form of the relationships specified in the general

model before any estimation and structural analysis was undertaken.

This was accomplished by running simple multiple correlations for

the various dependent variables of the model with all possible corn-

binations of the independent variables thought to be associated with

each one. For each relation only the most promising combinations

(not only from a statistical but also from a theoretical point of view)

were selected for investigation in a structural analysis.

The general procedure is illustrated here with the supply re-

lation for unsanded plywood from the general forecasting model

specified in the preceding chapter.

Initial Procedure

The first step in the investigation was to select a dependent

variable for the equation. Since either price or quantity is suitable

as the dependent variable in a supply equation, it was decided to in-

vestigate both formulations. The following discussion, however,
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will assume that quantity (total quarterly production) was selected.

Thus, the following linear supply function (specified in the preceding

chapter) will be considered:

= b0 + biPt + bESt ± b3Wt
1 b4Dt 1

+ b5B1 + b6apl

+ f(V) + b8Ut + e

The next step was to specify the components of f(V1) by listing

all of the lagged values of market variables that might reasonably

be considered as influencing producers' supply functions via the role

of expectations. For example, the price of plywood in the preceding

quarter (Pt i might be an indication of what the price will be in the

forecast period (t). Similarly, the magnitude and direction of the

change in price in the last quarter t-1 - might indicate the

direction price will move in the forecast period Or the price in the

forecast quarter a year ago might be an indication of seasonal

price movements.

Thus to the original list of independent variables to be inves-

tigated, the following list of expectation variables was added:

Dt-i (t-1 t-4
Finally, before the supply relation was investigated by correlation

techniques, the problem of seasonal variation in sample data was

considered. Seasonal fluctuation in the predetermined variables

causes difficulty in estimation because the weight (influence) of these
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variables in an equation varies seasonally with the seasonal in-

creases or decreases in their magnitude whether or not their actual

influence on the dependent variable changes at all. The net effect

of this situation is that sample data for the same variable are not

comparable between quarters and, if no transformation is made on

the data, four different sets of coefficients would have to be esti-

mated; one set for each quarter.

In order to maintain the sample size at 43 observations, the

data were made comparable between quarters by eliminating season-

al variation (where it existed) by the simple transformation of dividing

each observation of &givcnvariable byits:seasonalindex.nurnb.er. Thus,

in addition to the original set of predetermined variables, another

set of the same variables transformed (seasonally adjusted) was
2/obtained.

A multiple correlation analysis was performed on the supply

equation for unsanded plywood, utilizing all of the variables given

below:

Dependent variable:

!/ Seasonal fluctuation in the endogenous variables is not a problem
in this sense, since these are the variables to be predicted.
2/ Seasonally adjusted variables are designated by a superscript
s, such as
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Independent s aVariables: Pt, S, U, W1, S, Di D1 Bi.
S.

pt_i pt_i' t-1

P ,(U -U ),5(U -U ),t-4 t-4 t-1 1-2 t-1 t-2

U ,tl t-1

From the I. B. M, Users' Library, a Fortran program was ob-

tamed for calculating multiple correlation coefficients (squared) and

residual sums of squares for all possible combinations of a set of
1/independent variables with a given dependent variable. Thus, it

was possible to consider, for one pass (with 13 independent van-
13ables) on the above supply equation, 2 or 8, 192 multiple regres-

sion equations In order to calculate the remaining seven variables

with the "best" of the firstgroup, several more passes were made.

Evaluation of Correlation Analyses

The hypothesis upon which the evaulation procedure was based

1/ The program was written by Vèr.nonLGriffith, LB.M. , Mdison,
Wiscons in. Themáximumnurnber Ofindepeñdent variables handled by
the program at one time was 13. Thus it was necessary to make
several passes on the (1620) computer (Oregon State University)
to consider all combinations of more than 13 variables. The pro-
gram was also modified somewhat, to shorten running time by
eliminating undesired output after the R2 for all (13) independent
variables was known.
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was that the best 'least squares' supply equation was also likely to be

the best (or among the best) formulation of the supply equation in the

structural model, though the coefficients would not, of course, be

expected to be identical. The criterion for selecting a given for-

mulation of a single equation for analysis in a structural system
2was that the R value (correlation coefficient squared) be the highest

obtained, subject to (a) the condition that all coefficients be signifi-

cant (or very nearly so) at the 5 percent level of significance, and

(b) the condition that the combination of variables together appear to

make economic sense.

When the foregoing procedure was applied to the supply equa-

tion with price as the dependent variable, the following two formula-

tions were actually selected for analysis in the structural model.

f[Qv 5_i' S B1, (P1 P2 + et R2 892

Pt = g[t' U1, P-1' Pa)] + et R2 .847

Extent of Preliminary Correlation Analyses

The procedure outlined above was applied to all of the rela-

tions specified in the preceding chapter, both for sanded and

1/ Basmann (4), for example, found that in his example the struc-
tural coefficients differed only slightly from' the least squares eti-
mates.
2/ The reasons for eliminating as the dependent variable are
given in Chapter IV, p 9'-6O.
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unsanded types of plywood. Of course, for each relation, different

sets of predetermined variables were specified as being relevant.

Though an actual count was not compiled, the author estimates

that approximately a quarter of a million multiple regression corre-

lations were calculated. It was initially felt that, out of such a

massive amount of computation, it would be possible to discover em-

pirically, the important structural relations in the plywood industry.

Estimation of Structural Coefficients

Having determined the variables which appeared to be impor-

tant in each of the relations of the model, GCLS estimates were ob-

tamed for the coefficients of those variables in the various equa-

tions. These coefficients were tested for significance and, in the

event that the t test of any coefficients dropped below the five per-

cent significance level, the model was reformulated without these
1/variables,

The models for sanded and unsanded types of plywood pre-

sented in Chapters IV and V represent the end results of this analy-

sis. At that point the structural supply, demand, and other rela-

tions of the sanded and unsanded plywood markets are characterized

quantitatively and rationalized in the context of the two individual

1/ Initially, other variables were substituted or whole new rela-
tions (also selected, of course, from the preceding correlation anal-
yses) were tried.
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markets. Finally, the estimated marginal responses of producers,

buyers, and market variables are discussed.

It is emphasized that, at this point, nothing has been said of

economic forecasting. The entire emphasis has been upon correctly

describing market structure. The presupposition is that, if market

structure can actually be determined, good forecasts will neces sari-

ly result.

Testing the Models - Economic Forecasting

Price and quantity estimation over the sample period, and

forecasts outside the sample period, are desired not only in and of

themselves, but they constitute the principal tests of the economic

models here derived. Internal analysis of a statistical model can be

used to test the validity of assumptions made concerning the statis-

tical properties of the relations of the model, but the only test of the

model itself, as to whether or not it is a true structural model, is

that of its ability to predict market behavior over time. V

In general, if predictions are considered "adequate" over the

sample period, and in addition, successful forecasts are made out-

side of the sample period, it is considered(tentatively, at least)

1/ Internal analyses applicable to this study would include testing
Tor serial correlation in the error terms of the various relations
(22; 23) and for overidentification of these relations (2, p. 56). Un-fortunately, time did not permit such tests of the models presented
in this thesis;

L
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that a structural model has been obtained. If predictions are satis-

factory for part but not all of a period, it may be that structural

change has occurred during the period and that some of the data are

irrelevant. If prediction is generally unsatisfactory, the hypothe-

sis of a structural model must be rejected.

A problem, of course, arises as to measurement; what is

meant by "adequate" or "satisfactory" prediction? Even when two

types of forecasts are available it may not be possible to say which

series is "best" unless criteria are made explicit. Is a method

which frequently predicts variables almost perfectly but sometimes

has an extremely large absolute error better than a method which

seldom predicts perfectly but never exhibits a large absolute error
In this thesis no attempt is made to evaluate the GCLS and RF

methods according to a single criterion, but instead the results are

presented in various ways so that the reader may apply his own cri-

teria. .J However, the contention is made that the overall results

justify tentative acceptance of the hypothesis that true structural

models of the sanded and unsanded fir plywood markets have been

1/ If relevant data are too scarce, the entire procedure of simul-
taneous estimation may be ruled out in favor of other approaches to
market analysis (cross-sectional analysis, family budget data, etc.)
Or a "mixed approach" may be used.

2/ The "best" estimator, in this sense, is the one which maximizes
the user's utility function.
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Reduced Form versus GCLS Forecasts

Reduced form and GCLS estimates are first presented in the

following chapters plotted (separately) against the real variables.

Next, figures showing the percentage estimation errors of
the two methods are compared..!Finally, 1961 forecasts for the two
methods are analyzed in more detail by comparing prediction errors

and the accuracy with which changes in the real variables were mdi-.

cated.

Marginal Analysis of Market Structure

The final step in the investigation procedure was the estima-

tion and interpretation of demand, supply, and other elasticities in

the two plywood markets. Price and quantity elasticities with re-

spect to predetermined variables were calculated from the (least

squares) reduced form equations, while the usual supply and de-

mand elasticities were calculated from the structural equations.

Both average elasticities over the sample period and elasticities for

the four quarters of 1961 were calculated.

1/ Reasons for this view are summarized in Chapter VI.
2/ Reduced form estimates were obtained as part of the output of
The Theil-Basmann program written by Dr. Halter. Another For-
tran program was written by Dr. Halter and the author to solve the
two models simultaneously for GCLS forecasts.
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In Chapters IV and Vit is shown that these estimated elastici-

ties can be used to modify forecasts when any endogenous variable

of the system is set at other than its predicted value.
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CHAPTER IV

THE SANDED FIR PLYWOOD MARKET

Structural Estimates

Estimation of the general forecasting model by procedures

given in the previous chapter, provided the structural model for

sanded fir plywood given below.

4. 1 (Demand)
P = 10.57 - .00003259 Nt 2759I + 1. 195 5Lt

i.t (4. 15) (3. 06) t (6. 85)

+ 1. 363P - P ),
(5. 33) wi wt_Z

4. 2 (Supply)
= 121.2 + °°°°3808 9387Bt 1 + .707OPti,

(4,53) (6.47) (10.39)

4. 3 (Inventory)
= 54. 39 - 2. 2005P + OO748l5C0 + . 5482L,t (2.01) t_4 (2.37) (4.47) t-1

+ 1. 249ssand.
(2. 39)

4. 4 (Unfilled Orders)
LU 793, 790 + 7176. opt-I . 7339Ut 1

- 13, 713.
(2.95) (5.09) (2.84) t-1

1/ Equations 4. 1, 4. 2 and 4. 5 were estimated by GCLS; 4. 3 and 4. 4
by least squares with R2 . 7704 and . 4380 respectively. Values of
t are given in parentheses below the coefficients. Values of R2 are
not meaningful for the GCLS equations and are not reported (6).
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4. 5 (Accounting) = 48, 976. 3 + 1.0027 Nt - 1. 148 Ut
(56. 14) (16.15)

The growth relation was eliminated from the model since in-

dustry capacity failed to appear as a significant factor in the supply

equation for sanded plywood. Both the inventory and unfilled orders

relations were found to be functions of predetermined variables only

and their structural coefficients were properly estimated by least

squares techniques.

Demand Relation

The demand relation is formulated with price (Pr) as the de-

pendent variable, a function of new orders (Nt) wholesale inven-

tories (S1 ), the price of lumber in the preceding quarter (5L ),
t t-1

S 1/and the lagged change in wholesale prices (P - P ).- The
wt_1 wt_2

opposite signs on the coefficients of price and new orders indicate

a clas sical negatively - sloping demand curve.

Although either price or quantity (new orders) could theoreti-

cally appear as the dependent variable in a demand relation, special

difficulties were encountered when the latter formulation was inves-

tigated. Plywood being a growth industry, the quantity variables, Nt

and show strong growth trends and, as a result, were highly

correlated with any variable which also increased in magnitude over

1/ The superscript s indicates the variable was seasonally adjusted.



time ("tim&' itself would yield a high correlation). Consequently,

in the demand equation, construction workers twages (At_i) were so

highly correlated with N that all other variables were made statis-

tically insignificant and no meaningful relationship could be de -

rived. Thus, price appears as the dependent variable)-1

It is noted that the signs of the remaining coefficients in the

relations are reasonable. Lumber is shown to be a competitive

building material by the identical signs on Nt and Li when the re-

lation is solved for Nt..J In the same manner it is seen that, as

wholesale inventories increase, new orders for plywood decrease.

The relation shôws that mill pricè generally moves in the same di-

rectionas precedin.g wholesale prices

Finally, it is interesting that none of the indicators of con-

struction activity appear in the demand relation. The derived na-

ture of demand for plywood at the mill level was previously empha-

sized. Thus it is not surprising that consumer demand makes itself

felt (at the mill) through the actions of wholesalers.

As might be expected, (lagged) construction indicators do

1/ It is possible that using per capita new orders as the dependent
variable would have corrected the problem of excessive trend influ-
ence. This procedure was not tried.
2/ This does not, of course, imply that lumber competes in all uses
with sanded plywood, but that for the bulk of sanded production, a
competitive relationship exits.
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appear in the wholesale inventory relation. The effect of construc-

tion activity upon mill demand can be determined by substituting the

right-hand side of the inventory relation into the demand relation for

Thus the elasticity of mill price with respect to total construc-t
tion put-in-place (in previous quarter) may be estimated from the

resulting reduced form equation-!1

Supply Relation

The supply relation was also formulated with price as the de-

pendent variable because of the previously-mentioned problem of

trend in the quantity variable Mill price is a function of total

production sawmill workerst wages (Bti), and mill price last
quarter

A classical positively-sloping supply curve is thus obtained

with the shift variables B and Pt-1 t_1
It is worth noting that sawmill workerst wages apparently en-

ters the relationship as a productivity variable as opposed to a

pure factor cost The reasoning is that, as wages have risen,

management has substituted capital for labor thereby raising the

productivity of labor and lowering the total industry cost curves.

Thus, one finds wage increases associated with a fall in plywood

prices.
!/ Elasticities are given in Table 5.
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Wholesale Inventory Relation

The mixed wholesale inventory relation (containing both

supply and demand variables) shows the level of wholesale inven-

tories to be determined by construction put-in-place and an adjust-

ment in the level äf inventOries of the preceding quarter

as well as the price expectation variables (sPt and ) meas-
t-4

ured in the same quarter of the preceding year.
s tot, .The sign on the coefficient of is positive as expected.

Little can be said on an a priori basis concerning the expectation

variables and the sig1s on their coefficients.

In this model, wholesale inventories are not simultaneously

determined with P, and but are estimated separately from

the four predetermined variables. That is, while it is possible to

solve for t' and Nt as a function of all the predetermined van-

ables (including those in the wholesale inventory relation), it is not

possible to do the same for . Hence, predicted values for
t t

can be taken directly off of the structural equation.

Unfilled Orders Relation

The level of unfilled orders in any quarter is determined both

by the actions of producers (in setting production) and buyers (in

placing new orders). Thus it is impossible to make any a priori
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judgments as to the variables that might appear in this relation. Be-

cause of the relatively large amount of unexplained variation in the

dependent variable(s) (Ut was also tried as the dependent variable),

much energy was expended in attempting to find a more meaningful

relation. Short of solving the accounting relation for and re-

estimating that (bogus) relation as the unfilled orders equation, no

improvement was made. This relation remains one of the primary

weak points in the present model and undoubtedly has an especially

deleterious effect on the GCLS estimates for the endogenous van-

ables.

Again, as with I , estimates for U can be taken directly
wt

from the structural equation.

Accounting Relation

The fact that the coefficients on the variables of the accounting

relation are close to 1. 0 indicates that a true accounting relation was

obtained, but that a relatively dependable error is imposed from

some source(s).

Reduced Form Estimates

The least squares reduced form equations for the model are

given in Table 3.



Forecast
variable 5Lt_l

Pt 604

TABLE 3. - Coefficients of reduced form equations for sanded plywood

Predetermined Variables
S(p - P ) B P U S S $CtOt. Iw_1 w2 t-i t-1 t-1 w1 w4 t-4 t-1 w

.361 -.435 .218 .000054 .483 .244 -.304 -.00195 -.0313

4,752.0 -2, 166.4

7,329.4 -790.6

Constant

33.48

584.2 899.4 -.609 -8026.2 -7010.9 240.1 161.6 -1715.0 462,158.

2,251.5 -3998,7 .408 -601.3 -7176.4 1,244.8 132.2 -1,264.8 -365.781
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No reduced form equations were algebraically-derived from

the structural equations but the equivalent GCLS estimates of P, Nt,

and were obtained for each quarter by a simultaneous solution of

the system.

Prediction of Prices

Figures 9 and 10 give real and estimated average prices for

sanded plywood for the period 1950-1960 and predicted (or fore-

casted) prices for 1961.

Referring to Figure 9, it should be noted that the predicted

line lies generally to the left of the real price line. It appears that

the reduced form estimates frequently anticipated price downturns

and upturns and led' real price over most of the period.

Reduced form estimates indicated the direction real price

would move (from the real value in the preceding quarter) 77 per-

cent of the time during the entire 12 year period, while GCLS esti-

mates did so 64 percent of the time.

As would be expected, since least squares minimizes the

squared vertical deviation of predicted from real values, the re-

duced form predictions of Figure 9 show less erratic variation than

the GCLS estimates of Figure 10. The magnitudes of estimation er-

rors as percent of real values are shown for both procedures in
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Figure 11.!'

Prediction of New Orders

Figures 12 and 13 give real and predicted quarterly industry

totals of new orders for sanded plywood. Again GCLS estimates

show considerably more variation than do the reduced form esti-

mates. The lack of fluctuation in the latter estimates, compared to

that of real values during the period, indicates that some relevant

shifter variables have not been discovered in empirical investiga-

tion. It should be noted, however, that the variation is not due to

simple seasonal movements. The peaks and troughs of the graph do

not consistently appear in the same quarters.

For new orders, the reduced form estimates indicated the di-

rection of change in the real variable 81 percent of the time while

GCLS estimates were correct 72 percent of the time.

Figure 14 shows p.erce:ntage errors of estimatibu fOr the

period.

Prediction of Production

Real and predicted quarterly industry totals of sanded plywood

production are shown in Figures 15 and l6 Immediately obvious in

the real data is the effect of the industry-wide strike in the third
1/ The differences between real and predicted values of all data areplotted in Figures 1, 2, 3, 4, 5, and 6 of the Appendix.
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quarter of 1954, Obvious, too, is the heavy trend in the data that

necessitated the rejection of as the dependent variable in the sup-

ply equation.

The reduced form estimates correctly indicated the direction

of change in the real variable 85 percent of the time while GCLS es-

timates did so 70 percent of the time.

Prediction errors are given in Figure 17.

Performance of the Model utside of the Sample
leriod, 1961 Forecasts

Table 4 summarizes the results of forecasting sanded plywood

market data for the first year outside of the sample period.

TABLE 4. -1961 Forecast and real values
fo sanded plywood data

RF GCLS Real
Fore- Dir. of Fore- Dir, of Dir, of

1961 Variablec cast bchangeb cast change Value change
Qtr. 1 Pt 86. 8* - 90. 7 - 86. 9

Qt 1,061 + 1,077* + 1, 166 +

N 1, 128* + 1, 100 + 1.387 +

Qtr. 2 Pt 94. 2* + 92. 4 + 94. 6 +

Qt 1., 170 + 1, 294* + 1, 247 +

N i051 - 1,088 - 1,134 -

Qtr.3 t 9.3 5,5'±
1, 154* - 1,272 + 1, 165 -

Nf 1,225* + 1,226 + 1,216 +

Qtr. 4 Pt 88. 2 - 88. 8* 89. 5 -
1,253* + 1,169 + 1,273 +

Nt 1, 312 + 1, 123 - 1,259 +

a Asterisk denotes closest estimate.
b Direction of change is the direction indicated by the estimate away

from the real value of the variable in the preceding quarter.
c Nt and are given in millioxis of feet.
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At the outset, an important restriction on the comparability of

the two forecasts given should be noted. Because of the ease with

which RF estimates could be obtained, it was decided to keep the

model up to date, so to speak, in estimating outside of the sample

period (for 1961). This was accomplished by dropping off early ob-

servations from the sample and adding later observations (in corn-

puting new reduced form coefficients) as estimation progressed into

1961. Thus, for 1961, quarter 1, estimates were made from coef-

ficients based on the regular sample period (1950-1960). For 1961,

quarter 2, however, reduced form coefficients were computed from

a new sample period obtained by dropping out observations for 1950,

quarter 1, and adding observations for 1961, quarter 1. For 1961,

quarter 3, the procedure was repeated (dropping out 1950, quarter

2, and adding 1961, quarter 2), Thus, estimates for each quarter

of 1961 were based on a sample period of the immediately preceding

11 years. In this manner, the model was kept up to date so that the

effects of structural change in the industry could be incorporated,

through time, into the model via the changing values of the structural

coefficients. The RF forecasts of Pt, Nt, and in Table 4 were ob-

tamed by this procedure. AU are forecasts for the first quarter out-

side of their respective sample periods.

Unfortunately, GCLS estimates are not so easily obtained and

these forecasts for P, Nt and are all based on the original



1950-1960 sample period. Thus the two estimates given in Table 4

are not strictly comparable (except for 1961, quarter 1),

It is interesting that, for each quarter of 1961, the RF esti-
mates for Pt and are less than the real values. Nt is less than
the real value two out of four times. This apparently persistent un-

derestimation suggests that downward bias may be present in these
estimates.

No persistent bias in either direction is suggested by the GCLS

estimates for these variables, although the absolute magnitudes of

the errors involved are greater in most cases. Without placing un-

due emphasis on the results of these few observations, the remarks
of Valavanis (75 p. 132-134) concerning the general properties of

the two types of forecasts come to mind.

For 1961, reduced form forecasts proved to be the closest

forecasts, seven out of twelve times. Finally, it is noted that the

RI forecasts correctly indicated the direction of change of all van-

ables in every case.

Quantitative Analysis of Market Structure

Table 5 shows estimated demand, supply, and other elastici-

ties for selected time periods, while Table 6 gives the values of the

variables used in calculating these elasticities.
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TABLE 5. -Estimated elasticities of and
during selected periods - sanded Douglas fir plywood

Demand a Supply Demand Supply. CRF
As sumed Values E of E of E of Nt E of Pt E of

of Variables Q. p SCtot.
t t t

1950-l96OAve. -.234 529 -4,58 .256 L77
1961 - Qi -.398 3.11 -2.36 .497 1.40
1961 - Q2 -.397 3. 12 -2. 88 .407 1,57
1961 - Q3 -, 392 3. 16 -2. 51 .466 1.40
1961 - Q4 -. 442 2.80 -2. 28 .514 1. 37

a To obtain these estimates, the accounting relation was solved for
Nt and substituted into the demand relation, thus obtaining de-
mand in terms of

b Here the accounting relation was solved for and substituted into
the supply relation, thus obtaining supply in terms of Nt.

C These are calculated from the RF coefficients of the 1950-1960
sample period.

TABLE 6. -Estimated and real values
of variables during selected periods

Van-' Ave.
abléa 1950-1960 1961-91 1961-02 1961-93 1961-04

Real Est. Real Est. Real Est. Real Est. Real

Pt 112.59 86.6 86.9 94.0 94.6 91.3 93.3 87.1 89.5

754. 7 .t,128. 1 .1,387.3 :1,002.2 .1,002.2 .1,114.4 1,215.8 1,173. 3 1,259. 1

810.1 1,060.7 1,165.9 1,149.0 1,246.7 1,100.8 1,165.2 1,185.8 1,272.7

8,264.0 9,759.0 9,712.0 9,657.0 9,968.0

a N and 9 are given in millions of feet; C is measured in millions of dollars (see Appendix I).



A comparison of columns two and three shows that the esti-

mated elasticity of supply consistently exceeded the estimated elas-

ticity of demand for sanded plywood. This result would be expected

from the fact that plywood constitutes only a portion of the total out-

lay of consumers wood product budgets, whereas producers are

engaged exclusively in plywood production, and hence are more sen-
sitive to price movements.

Columns one and four indicate that price is slightly less inelas-

tic with respect to changes in new orders than to changes in produc-

tion. Thus, for example, identical one percent increases (over pre-
dicted values) of and would have been expected to result in a

price slightly above (.072 percent above) its predicted value in 1961,

quarter 4, That is, the expected percentage increase in price (.514

percent) resulting from a one percent increase in new orders, would

exceed the expected decrease in price (-. 442. percent) resulting from

a one percent increase in production, by the stated amount. Thus it

appears that buyers have enjoyed slightly more leverage in the sand-

ed plywood market than have sellers, at least for the periods given

in Table 5.

The elasticity of new orders with respect to (lagged) total con-

struction put-in-place is considerably smaller than with respect to
price. These elasticities, as well as the elasticity of production



with respect to price, were at lower levels in 1961 than were the

same average elasticities over the entire sample period. This is a

definite indication of structural change during the period. It is fur-

ther noted that the elasticities of price with respect to production

and new orders became slightly less inelastic during the period.



CHAPTER V

THE UNSANDED FIR PLYWOOD MARKET

Structural Estimates

The model estimated for the unsanded. plywood market is

given below:!'

5. 1 (Demand)
= 6. 13 . 0000483N -. l36It w(4.04) (1.73) t

+ . Ol22C + 352s
(3. 91) t-1 (3. 42)

+.752(P -PW w(3.00) t-1 t-2

5. 2 (Supply)
S

Pt 96. 8 + °°00235t + 841Sp + .0000967 LUt 1(2.55) (9.44) (3.40)

700Bt 1(4.01)

5. 3 (Inventory)
= 129. 3 - . 882 P - . 0000836Q + 1 39ssand.

(4. 56) (3. 21) (3. 15) t-4

-2. 985P 0268sCt0t.
(3.54) W4 (5.73)

5. 4 (Unfilled Orders)
U = 56, 136. 3 + 157. 3smisc. + 5895U 1, 549.t-1(5. 30) (2. 37)(5. 38)

-.215N
1(4.

1/Equations 5. 1, 5. 2, 5. 3, 5. 5 were estimated by GCLS and 5 4 by
least squares with R2 . 756. Values of t are given in parentheses
below the coefficients.



5. 5 (Accounting)
Q -31,855.9 + 1.07 Nt 1.Z1U + l.08U

1t (45,3) (5. 85) (6. 76)

As in the previous model, capacity was not found to be a sig-

nilicant variable in the supply equation and, consequently, the growth

relation was eliminated from the model. When aggregate wholesale

inventories were related to unsanded plywood variables, both Pt and

were found to be significant, thus making a simultaneously-
t

determined variable. The unfilled orders relation once again stands

alone as a function of predetermined variablesonly.

Demand Relation

For the same reasons given concerning the demand relation

for sanded plywood, the unsanded relation was formulated in terms

of price as the dependent variable. Again a classical negatively-

sloping demand curve was obtained.

Unlike the previous demand relation, however, the present

demand relation includes a construction activity indicator (residen-

tail construction). However, total construction put-in-place was

again reflected through the wholesale inventory relation.

This is true despite the fact that (in 1962) a relatively smaller

proportion of unsanded plywood was sold directly to contractors and

retail dealers, bypassing wholesalers, than was the case with



1/sanded plywood. Whether or not this was the case during the

sample period is not known. However, the explanation for the ap-

pearance of Sc;is undoubtedly lies in the fact that such a large pro-

portion of unsanded plywood production is used in residential con-

struction (see Table 1, Chapter I). The variable is such an impor-

tant determinant of demand that it cannot be omitted from the pri-

mary relation.

The present demand relation further differs from the demand

for sanded plywood in that the price of lumber does not appear as a

significant variable; but the lagged mill plywood price (Pti) does so
appear. No reason is immediately apparent that the price of lum-

ber should be significant in the sanded plywood relation but not in

the unsanded relation. Lagged mill price in the present relation is

presumed to be an expectation variable.

The sign on the coefficient of the change in wholesale prices is

(reasonably) the same as in the previous model.

Supply Relation

The supply relation is identical to the relation developed for

sanded plywood except that an additional variable, the increment in

!/ According to data made available by the Douglas Fir Plywood
Association, only nine percent of total unsanded plywood production
was sold directly to retailers and final users in 1962, while the fig-
ure for sanded plywood production was approximately 12 percenL



unfilled orders (S Ut1), is added and the lagged mill price 5tl
is now seasonally adjusted. The equation is positively-sloped and

sawmill workerst wages (Bt_1) is again considered to reflect the

productivity of labor.

Wholesale Inventory Relation

In adding (unsanded) mill price and production to the inventory

relation, the lagged inventory variable ( ) was eliminated. How-

s-.--$and.ever, the price of sanded plywood the preceding year ( t-4 ) was

retained. Again, total construction put-in-place was seen to in-

fluence demand through the inventory equation and had the expected

positive sign on its coefficient.

Reduced form estimates could now be obtained for 'w (since

the addition of Pt and in the relation made the system solvable for

in terms of all the predetermined variables), and it was neces-
t

sary to obtain GCLS estimates of the structural parameters of the

relation. The simultaneous determination of wholesale inventories

along with Pt N, and appears to make the present relation a

more reasonable one than the sanded relation for wholesale inven-

tories.

5 LUtl = S(U U2)



Unfilled Orders Relation

As is indicated by the relatively highR2 value (.756) a good

deal more success was had in explaining the level of unfilled orders

for unsanded plywood than was had in the previous relation for sand-

ed plywood. As previously stated, lidwever, little can be said about

the variables (or the signs on their coefficients) that appear in this

mixed relation.

Accounting Relation

As in the sanded relation, the signs on the coefficients, being

very close to 1.. 0, indicate a true accounting relation. Here (a].-

though not in the previous model) the sign on the constant term lends

support to the contention of a fall down factor between shipments and

production (see f.n. 1, page 27).!"

Reduced Form Estimates

The least squares reduced form equations for the unsanded

model are given in Table 7.

Again, GCLS estimates for and were obtained by the

1/ It is seen that by transposing the constant term to the left hand
side of the equation, production would have to have been increased
to have eliminated the constant error in the relation.



TABLE . - 7. Coefficients of reduced form equations for unsanded plywood

Forecast
Variable P PW_ wt_2

sCres.
t-1

Predetermined Variables
SP AUt-1 t1 Bt1 SCflI1SC.t-1 t1

Pt .410 .00191 .320 .0000417 -.525 -.0225 .0000698

4,410.9 243.5 306.7 .370 12,345.6 687.3 .0368

2,829.9 251.2 2,500.5 -.0313 8,775.9 608.8 .279

Forecast Predetermined Variables
-

Variable 'w1 N1 --
Sp P Constant

.391 .0000164 .0607 -.305 .00645 .0000333 97.54

N 4,433.5 -.131 -2252.3 3,757.9 -212.7 -.846 830,517.0

2,443.1 .228 -1826.4 -1215.2 -245.4 . 241 -433,987.2



''simultaneous solution of the system, 5. 1 5.5.

Prediction of Prices

Figures 18 and 19 give real and estimated average prices for

unsanded plywood for the period, 1950-1960, and predicted prices

for 1961.

The extreme fluctuations of the GCLS estimates relative to the

RF estimates have been commented on in the preceding chapter.

There it was also observed that the RF price line appeared to lead

real prices in downturns and upturns during most of the period. In

Figure 18 no leading is indicated. The RF estimates are extremely

close to real values in almost all cases. These estimates correctly

indicated the direction real price would move from time t.-1 to time

t, 83 percent of the time during the entire 12 year period, while

GCLS estimates did SO 81 percent of the time.

Estimation errors for the period are given in Figure 20.

Prediction of New Orders

Real and predicted quarterly industry totals of new orders for

unsanded plywood are given in Figures 21 and 22. Compared to the

same results for sanded plywood, a good deal more of the variability

1/ Real and estimated wholesale inventores are not given in this
thesis as the data are of private and confidential nature.
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Fig. 19. - Quarterly ftldex of average prices, real and QCLS

estimates, Douglas fir plywood, unsanded types,
1950-1961 (1949 average 100)
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present in the real data was accounted for by the predetermined van-

ables in the present model. Estimation errors, for both GCLS and

RF estimates are given in Figure 23, RF estimates correctly mdi-

cated the direction of change in the real levels of new orders 79 per-

cent of the time, while GCLS estimates did so 77 percent of the time

during the 12 year period.

Prediction of Production

Figures 24 and 25 give real and predicted quarterly industry

production totals fqr unsaxded plywood. Again the effect of the

strike in the third quarter of 1954 is evident. The direction of

change in the real data was accurately indicated by the RF estimates

70 percent of the time, and by the GCLS estimates 66 percent of the

time, during the entire 12 year period.

Finally, estimation, errors are indicated in Figure 26.

Performance of the Model Outside of the Sample
Period, 1961 Forecasts

Table 8 summarizes unsanded plywood market forecasts and

real data for the first year outside of the sample period.



TABLE 8. - Forecasts and real values
for unsanded plywood data

RFa GCLSa Real
Fore- Dir. of Fore- Dir. of Dir, of

1961 Variable cast changeb cast changeb Value change

Qtr. I Pt 85. 0 - 88. 5* - 86. 5 0

835. 8* + 896. 6 754. 3 -
Nt 875. 3* + 909.4 + 868.8 +

Qtr. 2 Pt 91. 8 + 92. 8* + 98. 0 +

909. 7* + 739. 8 992. 6 +

Nt 855. 3* 699. 0 - 909. 8 +

Qtr. 3 Pt 88.5 - 90.4* 94,7 -
823.4 - 1013.8* + 974,7 -

Nt 751.8 - 935,5* + 927.0 +

Qtr. 4 Pt 87. 9* - 90. 1 - 86. 5 -
891.5 - 918.6* - 946.6 -

Nt 880. 3* - 863. 1 - 907.4 -

a Asterisk denotes closest estimate.
b Direction of change is the direction indicated by the estimate away

from the real value of the variable in the preceding quarter.

C Nt and are given in millions of feet.

While, in general, reduced form estimation of prices, new

orders, and production over the sample period was apparently more

successful in the case of unsanded plywood, the above forecasts of
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the same variables for the year 1961 show little or no improvement

over those for sanded plywood.!'

The possibility of downward bias in the RF forecasts was again

suggested by the fact that nine of the twelve forecasts given under-

estimated the real data. No such hypothesis was indicated for the

GCLS forecasts which overestimated six times.

Although the GCLS forecasts continued, as expected, to show

greater variation than their RF counterparts, exactly half of the

closest forecasts for 1961 (designated by *) were of this type.

Quantitative Analysis of Market Structure

Table 9 shows estimated demand, supply, and other elastici-.

ties for selected time periods, while Table 10 gives the values of

the variables used in calculating these elasticities.

Columns two and three of Table 9 show that the estimated elas-

ticities of supply were, as was true in the preceding chapter, of

greater magnitude than the estimated elasticities of demand. In fact,

the differences between the coefficients of elasticity are even great-

er in the present case. Despite the greater flexibility that producers

of sanded plywood enjoy (i. e. , they can switch production to unsanded

types) it appears that industry production of unsanded plywood has

The restrictions on comparability between the RF and GCLS esti-
mates discussed in the preceding chapter, apply also to Table 8.
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TABLE 9. - Estimated demand and supply elasticities
during selected periods - unsanded Douglas fir plywood

Demanda Supply Demand SupplyD RFc
Assumed Values

of Variables
E of Pt

t
E of E of Nt

Pt
E of Pt

N
E of Nt
SS

1950-l96OAve. -.159 12.00 -5.65 .093 1.99
1961 - QI -.441 4. 32 -2.01 .261 1. 13
1961 - Q2 -.447 4.26 -2.22 .236 1.08
1961 Q3 -. 390 4. 48 -2. 42 . 217 1. 28
1961 - Q4 -.451 4.22 -2. 13 .247 1.25

a To obtain these estimates the accounting relation was solved for
Nt and substituted into the demand relation, thus obtaining
demand in terms of

b In this case, the accounting relation was solved for and substi-
tuted into the supply relation, thus obtaining supply in terms of Nt.

C These are calculated from the RF coefficients of the 1950-1960
sample period.

TABLE 10. - Estimated and real values
of variables during selected periods

Ave.
aVariable 1950-1960 1961-Qi 1961-92 1961ç 1961-94

Real Est. Real Est. Real Est. Real Est. Real

114.9 85.0 86,5 91,9 98.0 88.5 94,786.1 86.5

N1 400.9 875.3 868.8 855.8 909.8 756.5 927.0 838.5 907,4

Qt 408.3 835.8 754.3 917.2 992.6 839.9 974.7 866.4 946.6

sCres. 3, 446. ci 4, 066.0 3, 798. 0 3,990. 0 4, 306.0

a N and 9 are given in millions of feet; C is me asured in millions of dollars (see Appendix 1).



ba
been more sensitive to price changes than has been the case for

sanded plywood.

Another difference in the structures of sanded and unsanded

plywood markets is indicated by the fact that, whereas in the pre-

vious model price was more inelastic with respect to production than

with respect to new orders, in the present situation, price was found

to be more inelastic with respect to new orders than with respect to

production. This fact suggests that producers, not buyers, have the

greatest leverage in the unsanded plywood market.

Referring to the last column in Table 9, it appears that the

elasticity of new orders with respect to residential construction put-

in-place was approximately the same as the elasticity of new orders

withrespect to total construction put-in-place in the preceding chap-

ter. Thus the influence of residential construction activity upon the

demand for unsanded plywood was estimated to be approximately

equal to the influence of total construction activity upon the demand

for sanded plywood.
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CHAPTER VI

IMPLICATIONS OF THE ANALYSIS

Evaluation of the Statistical Models

In the two preceding chapters, statistical models of the sanded

and unsanded fir plywood markets were described. Although u Sti-

dentt t values for the various structural coefficients were reported,

it should be emphasized that tests of significance concerning these

coefficients were in no way meant to be tests of the models, se.

Because of the empirical approach used to discover the structural

characteristics of the two markets, it is doubtful that many degrees

of freedom remained for conducting such tests. Rather, the t values

give some indication of the relative importance (significance) of the

various variables in each relation, assuming that true structural

models have been obtained.

Thus, for testing the hypotheses set forth in this thesis, pri-

mary attention is directed to the results of the prediction of market

variables over the sample period, and more importantly, to forecast

(for 1961) outside of the sample period. It is the degree of success

with which a model explains actual market behavior that constitutes

a critical test of the structural hypothesis.
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Unfortunately, no exact quantitative tests are available for

testing predictability for the reduced form and GCLS estimates pre-

sented here, and a diegree of subjective judgment must be relied up-

on.-- In time, of course, as more forecasts are obtained, standard

errors of estimate (forecast) could be calculated and tolerance inter-

vals established. This is not to say, however, that no systematic

evaluation procedures can be employed. Thus, throughout the pre-

ceding chapters, the implications of the signs and magnitudes of the

structural coefficients have been discussed in the light of previously-

indicated qualitative knowledge about the market. The success with

which forecasts and estimates indicated the direction (as well as the

magnitude) of change in the real variables was stated, and the char-

acteristics Of the p ercenta ge es:t imatiort e r ror:s were
presented graphically. Finally, the elasticities of various variables

were discussed and rationalized when possible.

Out of this considerable amount of information and evaluation,

a picture should emerge indicating the overall adequacy or made-

quacy of the models to reflect the true structure or process that is

! Hildreth and Jarett (32, p. 119-126) discuss "tests of predictive
usefulness on the calculated residuals of the various structural re-lations. What relation these tests have to forecasts of market data
utilizing all the relations in a structural model, is not clear. Hooperand Zellner (34, p. 544-555) discuss the construction of probabilisticforecast regions applicable to reduced form estimates of certain si-
multaneous equations models but the analysis is not extended to es-
tablish the properties of forecasts from equations containing lagged
endogenous variables in the set of predetermined variables and based
on small samples of data.
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the object of the analysis. In the present analysis, not only did the

strategic variables in each structural relationship appear in con-

formance with an ex ante knowledge of their fundamental influence

in the various relations, but the critical forecasts of the endogen-

ous variables outside of the sample period were extremely success-

fuL

The above implies, of c our s e, that the various as sumptions

made concerning market structure could not be rejected, viz. , the

assumptions of competitiveness, linear relationships, and simul-

taneity. It is here contended that these conclusions and results pre-

sented in the preceding chapters compel tentative acceptance of the

hypothesis that the economic models for sanded and unsanded ply-

wood markets, developed in this thesis, are generally consistent

with the true market structure in the industry and are useful for

economic analysis and forecasting. This conclusion was generally

supported by a (relatively large) number of industry spokesmen to

whom the results were reported.

Reduced Form and GCLS Estimates

The issue regarding reduced form and GGLS forecasts is not

completely clear. During the sample period, GCLS estimates occa-

sionally displayed some violent and extremely undesirable fluctua-

tions. In general, reduced form estimates were closer and



exhibited fewer extreme errors than did GCLS estimates during the

sample period. Combining the 1961 forecasts for both sanded and

unsanded types of plywood, 13 RF forecasts were designated by an

asterisk, while 11 GCLS forecasts were so judged. Further, RF

forecasts correctly indicated the direction of change 19 out of 24

times, while GCLS forecasts did 50 16 out of 24 times. These re-

sults might indicate that the least squares reduced form forecasts

could eventually be shown to be most useful in providing price and

quantity forecasts for plywood from the models developed in this

thesis.

The evidence is by no means conclusive, however, especially

if the forecasting of price alone is considered. In selecting the eight

closest price forecasts generated for both types of plywood in 1961,

GCLS forecasts were selected five times. Noting that GCLS estima-

tion is affected by the choice of the dependent variable (25; 77) it may

be that, for estimation of plywood prices from the present models,

GCLS forecasts will actually prove superior.

Application of the Analysis

The discussion of elasticities in the preceding chapters mdi-

cated that a considerable amount of information is obtainable from

structural industry models such as the ones presented in this thesis.
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Not only are forecasts of the values of the endogenous variables

available, but quantitative predictions concerning any of these van-

ables may also be made when one (or more) of them is assumed to

differ from its predicted value by a given amount. This additional

information suggests the feasibility of a game theoretic approach to

production management decision problems by any firm in the indus-

try wishing to make assumptions concerning competitors' and buyers'

behavior.-" Of course the most valuable use, from a microeco -

nomic; standpoint, to which the present type of structural analysis

could be put, would be in the forecasting of market price, from

which optimizing linear programming solutions to production and

marketing decisions could be found. The potential in this approach

for scheduling profit maximizing operations would be extremely

large.

However, with price and quantity forecasts available to the

entire industry, the problem of the forecasts themselves influencing

1/ Quarterly forecasts could be made from the present models ap-
proximately 20 days after the beginning of the forecast period when
construction activity, and wholesale plywoodand lumber price data be-
come available from the U. S. Department of Commerce. However, if
earlier forecasts were desired'preliminary estimates of these datacould be obtained (based on the first two months of the relevant quar-ter).
2/ Payoffs could be calculated for various states of nature (for exam-1e, "best possible" and "worst possible1' deviations of Qt and Nt frompredicted values) and either historical or subjective probabilities at-
tached to the various events. For an introduction to game theory and
decision problems, see Luce and Raiffa (40) and Chernoff and Moses
(14).



market behavior could well be encountered, in which case no alter-

native would exist but to fall back on the game theoretic approach

mentioned above.

From a macroeconomic or policy point of view, the present

type of analysis is again extremely useful. For example, the effect

upPn demand for unsanded plywood of a specified government expen-

diture for public construction could easily be estimated from the co-

efficient of elasticity of new orders (or price) with respect to
s misc. 1/ Similarly, the effect of specified production quotas (or

increases) upon mill price could be estimated.

Finally, of course, the present analysis is useful in describing,

quantitatively, historical changes in market structure.

Forecasting Several Time Periods into the Future

Forecasts from the models presented in this thesis are not

just limited to one quarter into the future. If a suitable basis can be

found for estimating future values for the exogenous variables (con-

struction put-in-place, mill workerst wages, lumber prices, etc. )fore-

cast values for Nt, U, and I can be re-used as predeter-wt
mined variables for forecasting N11, and

t+l
This elasticity would be estimated from the least squares reduced

form equation for Nt (or
2/ For example, historical changes in demand and supply elasticities
could be traced.
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This process can be repeated indefinitely,as long as one is willing to

assume future values for the exogenous variablesJ--"

The most serious difficulty here would undoubtedly be that of

supplying future estimates of wholesale prices. Mill and wholesale

prices undoubtedly move together and would probably be determined

simultaneously in a more sophisticated market model than the gen-

eral model hypothesized here.

Research Implications

During the course of investigation, a number of interesting re-

search possibilities became evident. Time did not permit the ex-

ploration of these ideas but they are presented here to indicate pos-

sible fruitful areas for additional research relating to the fir ply-

wood economy.

First of all internal tests of the statistical assumptions made
zIconcerning the model should be conducted. If, for example, sub-

stantial serial correlation were to be found in the error terms of the

structural relations, attempts to remove this difficulty should be

1/ This need not be done blindly. Maisel (41), for example, has de-
veloped an econometric model for forecasting residential construc-
tion activity. Where such forecasts were not already available,
trend estimates could be derived from the time series data given in
the Appendix of this thesis.
2/ These are the Durbin-Watson and Rubin-Arider son tests men-
tioned on page 36 , footnote 1.
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made before further work is done on the present models.

Having generally satisfied statistical assumptions, however, it

would appear useful to evaluate the predictive capabilities of the two

plywood models when estimation is based on progressively shorter

and shorter sample periods. Because of the strong evidence of

structural change in the industry during the original 1950-1960 sam-

ple period, the elimination of early observations might remove his -

torical bias from the structural coefficients and result in a more

valid characterization of current market structure. Thus, an op-

timum sample period might be approximated by systematically elimi-

nati.ng the earliest observations until predictive capabilities (for

1961) no longer improved.

A third extension of the analysis would investigate the dynamic

stability of equilibrium in the plywood industry. Henderson and

Quandt (31, p. 113-117) show the derivation of first order difference

equations to describe the time path of price on the assumption that

the Walrasian mechanism is in operation in the market. Assuming

the present plywood demand, supply and other equations to accurately

1/ Naturally, the possibility exists that entirely new variables might
Eecome significant as the sample period is shortened, and even that
presently included variables might drop out as statistically insignifi-
cant. In fact, the latter possibility is most likely due to loss of de-
grees of freedom resulting from smaller sample size.
2/ The analysis can be carried out under the assumption of either
Walrasian or Marshallian stability conditions. These conditions are
given in Henderson and Quandt (3l,p. 110-111). For a complete dis-
cussion of dynamic equilibrium analysis see Baumol (7).
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determine equilibrium price, given an initial (dis.equilibrium) price,

it would be possible to determine by the convergence or explosion of

the time path of price as given by the difference equation whether or

not price stability could be achieved in the plywood market. This

should be of considerable interest to an industry whose commodity

has exhibited the price fluctuations that Douglas fir plywood has ex

hibited over the past decade.

Perhaps the most desirable, although difficult, extension of

the analysis would involve the integration of the sanded and unsanded

plywood models into one overall model of the Douglas fir plywood

industry. This appears desirable both from a theoretical and an

empirical standpoint.

Theoretically, it would be expected that the relative levels of

production of the two types of plywood would be determined simul-

taneously as a large number of mills have the capability of producing

either type. Thus, if the price of unsanded plywood became (or was

expected to become) relatively more attractive, the production of un-

sanded types would then be expeáted to increase relative to that of

sanded types.

From an empirical standpoint, the interrelationship is evi-.

denced in the fact that the lagged price of sanded plywood appears in

the inventory relation of the model for un sanded plywood.
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The level of whole sale inventories (I ) includes
Wt

both sanded and unsanded types, but it is the lagged price of sanded

plywood, along with thc endogenous unsanded variables 'Pt and

that appear to give the most meaningful relationship.

It was a mildly surprising result that the lagged price of the

alternative product (aP1) did not appear as a significant variable in

either of the supply equations investigated. Had the same variable,

unlagged (1. e., made endogenous), been specified, a statistically

significant relationship might well have been obtained. In general,

the investigation of a nine- or ten-equation model incorporating the

relationships for both sanded and unsanded plywood, appears to be an

entirely feasible and promising area for research.

A simple modification of the present general model would be its

specification as a monthly, as opposed to quarterly, forecasting mod-

el. This would be especially desirable if analysis of market struc-

ture was the primary objective, since generally speaking, the shorter

the time period for which market behavior can be explained, the

more sure the researcher may be that market structure has been

accurately described. From a forecasting standpoint, however,

1/ The choice of Pt instead of as the dependent variable could
have caused this result.
2/ Furthermore, the degrees of freedom for making statistical tests
of signific3nce would be increased by a factor of three (for the same
sample period).
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some industry spokesmen have indicated that forecasts must be of

considerably more distance into the future than one month ( or even

onc quarter) to be of maximum usefulness. With regard to this lat-

ter point, one final extension of the present analysis will be ventured.

In recent years, computer simulation of economic (and other)

systems has become an interesting and promising area of research.

One great advantage of this approach to economic analysis is that

values of the market variables of such a system (in the present case,

'' N, I , and U) can be generated continuously, as far into
t 1/the future as one wishes to go. In practice, errors may compound

rather rapidly, but it would still be possible to forecast consider-

ably farther into the future, and for shorter time intervals, with a

dynamic model of the industry than with the (equilibrium) models

utilized in this analysis. An interesting example of the application

of this approach to the shoe, leather, and hide industry is given by

Cohen (18).

Final Remarks and Conclusions

The contention has frequently been made that the basic ills of

the Douglas fir plywood industry are due to overproduction, that

usupply has exceeded demandu and that this has been the cause of

1/ This continuous prediction means that, theoretically, forecasts
could be made for a day (or even shorter period), at any future date.
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unfavorable price movements during the period considered in this

analysis. The economic models and the theory presented here should

indicate that such statements must be made rather more carefully

and explicitly if they are to be made meaningful.

It makes no economic sense to say merely that "supply has ex-

ceeded demand"; such a statement has meaning only when supply and

demand at a specific price level is being considered, given a set of

conditions concerning the relevant predetermined variables. Thus,

for a given price in the first quarter of 1961, it is possible to mdi-

cate the volume of production that must be forthcoming to exactly

satisfy demand at that price. In a purely competitive situation, it

is presumed that the price level established will be that price which

will equate supply and demand at the level of zero profits in the in-
2/dustry (in the long run). Thus, it appears to be the volatility of

price, not its downward trend, that requires explanation by economic

theory and research. The present analysis has isolated some of the

factors, the combined influence of which account for much of the

variation in plywood prices. However, in some instances, where es-

timation errors were exceptionally large, additional unidentified

This quantity is subject, of course, to the statistical properties
of the stochastic model.
2/ Zero profits means no profits above the remuneration to entre-
preneurship required to keep the resources employed. One would ex-
pect declining prices in a competitve industry that has realized pro-
ductivity gains over time.
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factors appear to have been at work.

It has already been indicated that the assumption of competi-

tiveness in the fir plywood industry cannot be rejected on the basis

of this analysis. The explanation for extreme price fluctuations

could, perhaps, be found in rigidities that might exist at crucial

points in the market structure. This is an empirical question to

which the present analysis could be extended. Much fertile ground

yet lies open for research in this important industry of the Pacific

Northwest.
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APPENDIX I

Definitions, Data, and Data Sources



APPENDIX TABLE 1. Plywood aud eiated data, by quarter. 1949-1961

Va_iable
Year Quarter t PtSand.PtUrsand.Q

______
Sand. Q Unsand. N Sand. Nt Unsand. U Sand. Ut Unsand

1949 1

2

3

4 097,1 106.1 0467838. 114702. 0586939, 175320. 284829. 073447.
1950 1 1 108.6 122.5 0419515. 086534, 0388732. 100239, 303424. 071173.

2 2 118,9 130,6 0530631 105617. 0511445. 124680. 285417. 068698.
3 3 '126,5 137.2 0533071, 102294. 051517& 109280. 298442. 059402.
4 4 138,0 143,7 0592113. 113623. 0538864. 124762. 268885. 053906.

1951 1 5 138,0 145.3 0623215, 118708. 0636439. 151233 320405, 068909.
2 6 140.6 143,7 0644031. 117235. 0551363. 122675. 261444. 057390.

3 7 140.6 142.1 0564612. 099637, 0483286. 094807, 229439. 041765.
4 8 121.4 114.3 0489967. 117179, 0467224. 136424. 209046. 052589.

1952 1 9 112.5 107.8 0564346. 157324. 06S1172, 231175, 323504, 103282.
2 10 120.1 117,6 0561406. 158345. 0440874, 154902. 231774. 080170.
3 11 120;1 119,2 0509924, 212348. 0440256. 207179. 192449. 083661,
4 12 116.3 119,2 0542474. 260364. 0567954. 272215. 246146. 099565.

1953 1 13 116.3 119,2 0696956. 243605. 0706593. 318941. 359961, 144893.
2 14 124.0 125,7 0751453. 273721. 0550091. 252961. 214051. 097069.
3 15 120.1 122.5 0551560. 243195. 0436297. 218803.. 134575. 061885..

4 16 106.1 109.4 0665478. 274463. 0686614. 356872, 220594. 096352.

1954 1 17 112.5 115.9 0724667. 280419. 063.4938. 319856. 178065. 088499..

2 18 106. 1 111,, 0 0696969. 297280. 0699017. 381380. 206506. 111196.
.3 19 115.0 119.2 0422372. 207094. 0533193. 298621. 331391. 169957,
4 20 117.6 125.7 0824724. 360224, 0783747. 433251. 355105, 164054.

1955 .1 21 118,9 132.3 0870287. 343503. 0515678. 265653. 390173. 178593..

2 .22 120.1 132.3 0906422. 357765. 0799858. 401130. 336704. 166591.

3 23 121.4 130.6 0787457. 328668. 0798566. 384494. 394134. 170528.

4 24 121.4 127.4 0998210. 367331. 0851145. 391403. 323999. 125999.
1956 1 25 124.0 122.4 0994871. 367462, 0849589. 417755. 268698. 120720.

2 26 117.6 112.7 0861778. 388989, 0702546. 455455. 182839. 118876.

3 27 104.8 111.0 0819248. 423920. 0745641. 478647, 181760. 099168.

4 28 095.9 102.9 0901474. 416471. 0887614. 476892. 223305. 082173.

1957 1 29 097.1 099.6 0890146. 376065. 0794495. 461006. 195557. 1188.43.

2 30 101.1 099.6 0942252, 502920. 0833287. 613366. 158668. 152186.

3 31 098,4 104.5 0781643, 527642. 0834470. 553358. 267142. 120020,,

4 32 099., 7 096. 3 0893649, 481196. 0747149. 478343. 179050. 088189.

'1958 1 33 095.9 091.4 0937020. 498149. 0926289. 526357. 197528. 121066.

2 34 093.3 093.1 0940298. .581694, 0963768. 458245. 193642. 155329.

3 35 102. 2 109.. 4 0927859. 663528. 0989497. 665189.

4 36 109,9 '1061 1017967. 663677. 0896137. 581939.

1959 1 37 109.9 104.5 1078518, 751748. .f 237074. 806616.

2 38 118.9 114.3 1181394. 840678. 0974259. 719977.

3 39 108.6 '104.5 1021687, 861588. 1101460. 856881. -
4 40 097.1 094.7 1192350. 824385.. 1162878. 789279. z

1960 1 41 097.1 098.0 1251859, 841406, 1197068. 779867.

2 42 094.6 W63 1130937 859968. 1005460. 812328.

3 43 092.0 093.1 0981782. 880427, 1008755. 965595.

4 44 097.1 091.4 1038433. 785997. 0941290. 746824. Z
1961 1 45 086.9 086,5 1165960, 754283. 1387326. 868794. o

2 46 094.6 098.0 1246691. 992562, 1134228. 909751.

3 47 093.3 094,7 1165.177, 974658. 1215804. 927046.

4 48 '089.5' 086.5 1272686, 946616. 1259056, 907379.

Quarter Seasonal Index Numbers

1 .98 .98 1.13

2 LOt 1.01 .99

3 1.00 1,01 .97

4 .98 .98 .89
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Time / Vaiabie
Year Quarter t

V
Bt Pwt Iwt Lt

s tot.
Ct

S ,..uid. S res, s mis.

1949 1

2 --

3

4 - 100,1 094.0 097,1 06127. 2045 2721. 0951.

1950 1 1 099,7 099.7 1023 06440. 2099. 2909. 0954
2 2 103,6 101.1 110.3 06882. 2139 3262. 0986,

3 3 108.3 109,4 121,5 07297. 2264. 3629. 0987.
4 4 109.1 113,7 123.8 072:34. 2434. 3321, 1039

1951 1 5 WY. 6 117.6 126. 4 07203. 2587. 3160. 1098.
2 6 112.9 117,7 125.6 07119. 2783. 2699. 1146.

3 7 118.5 116,2 121,9 07025, 2806. 2680. 1154.

4 8 118.3 108,8 120,8 07030. 2717. Z746 1173.

1952 1 9 117.5 104.9 120.6 07226. 2758. 2798, 1248.

2 10 118,8 105.6 120,6 07237. 2745. 2807. 1281.

3 11 123.0 105,9 120.5 07205. 2811. 2803. 1257.
4 12 123.6 103.6 120.0 07387. 2828. 2908. 1267.

1953 1 13 123,2 110.5 120,5 07562. 2904. 2973. 1335,

2 14 123,7 112,3 120.9 07611, 2963. 3012. 1291,

3 15 124,2 110,6 119,3 07518. 2.946. 2925. 1323.

4 16 123.0 103,9 116,6 07616, 3009. 2915. 1327,
1954 1 17 123.3 103.8 115.6 07744. 3024. 2957. 1400.

2 18 124,5 100,6 115,2 07946, 2998. 3148. 1417.
3 19 126.4 103,9 118.8 08174, 3021, 3328. 1469.
4 20 125.0 104,3 '- 119.6 08381. 3003. 3557. 1469.

1955 1 21 127.8 104.8 120.8 08611. 3095. 3877. 1483.

2 22 128,8 105,3 F 123.9 08946. 3126. 3921. 1528.

3 23 128.8 105.8 126.2 08853. 3130. 3830. 1546.

4 24 129,6 105.9 126.5 08696. 3135. 3676. 1554.
1956 I 25 132.6 107.5 128.6 08633. 3166, 3551. 1582,

2 26 133.7 103,5 130.1 08764. 3212. 3525. 1677.

3 27 134.1 100.6 0 126,9 08663. 3256. 3429. 1667.
4 28 133.2 095.2 0 123.1 08649. 3268. 3392. 1647.

1957 1 29 133.5 096.6 121.9 08781. 3338. 3348. 1753.

2 30 134.0 097,1 120,9 08768. 3408. 3302. 1693.
3 31 134.4 095.6 119.2 08646. 3361. 3300. 1657.
4 32 133.3 096,3 117.0 08800. 3364. 3342, 1762.

1958 1 33 131,6 094.0 116.1 08756. 3271. 3376. 1784.
2 34 132.9 093,8 116.5 08565. 3150. 3347. 1753.

3 35 135.4 100.2 118,9, 03770. 3078. 3336, 1813.
4 36 137,3 100,6 120.3 09297. 3064. 3882, 2045,

1959 1 37 137.9 102.4 123.2 10003. 2994. 4600, 2120.
2 38 138.7 106.1 128.7 10267. 3024. 4826. 2135.

3 39 143.1 100.0 129,8 10138. 3044. 4804. 1994.
4 40 145.2 096.1 126. 5 09748. 2965. 4577. 1884.

1960 I 41 145,6 097.1 126.0 09642. 3172, 4297. 1853.

2 42 146.5 095.8 124.6 09620. 3229. 4173. 1926.
3 43 149,4 095,5 119,6 09632, 3298, 4140. 1969.
4 44 149.3 096,1 115.5 09759. 3399. 4066. 2018.

1961 1 45 148.6 096,4 113,9 09712. 3461, 3798. 2171.
2 46 150,2 097,2 117.0 09657. 3371, 3990. 1930.

3 47 152.2 093.3 115.8 09968. 3316, 4306. 1980.
4 48 151.8 0928 114.3 10312. 3293. 4495, 2128.

Quarter Seasoiial Index Numbers

1 1.00 1,04 .99

2 1.00 1.08 1,00

3 1.00 .97 L00
4 99 .89 .99



Time Variable
Year Quarter t K"t t t t
1949 1 --

2 --
3 --
4 -- 101.

1950 1 1 50. 22 103. 0627848.
2 2 53.75 103. 0638716.
3 3 60. 24 105. 0667836.
4 4 62.32 108. 0694531.

1951 1 5 21.03 59.97 111. 0717119.
2 6 22.82 61.70 112 073541G.
3 7 17.04 62.27 114. 0747357.
4 8 23.87 63.31 115. 0776515.

1952 1 9 27.15 61.72 117. 0808288.
2 10 23.32 66.90 116. 0845494.
3 11 26.61 65.95 119. 0865566.
4 12 22.68 64.29 123. 0896506.

1953 1 13 16.84 61.45 125. 0926575.
2 14 21.32 63.98 126. 0948077.
3 15 19.38 62.57 128. 0960141.
4 16 17.96 61.54 131. 0966628.

1954 1 17 13.19 63.12 133. 1036347.
2 18 15.32 6258 132. 1075711.
3 19 15.92 65.92 134. 1077765.
4 20 16.10 63.62 136. 1133262.

1955 I 21 17. 15 68. 35 136. 1177969,
2 22 27.15 70.77 136. 1243411.
3 23 30.23 72.17 138. 1276639.
4 24 37.14 68.82 140. 1345825.

1956 1 25 37.52 68.80 142. 1421056.
2 26 43.56 70.16 142. 1460901.
3 27 45.00 71.35 145. 1506557.
4 28 39. 12 68. 05 148. 1597492.

1957 1 29 37.18 72.31 150. 1634360.
2 30 32.72 71.04 151. 1613846.
3 31 33.36 66.99 154, 1641367.
4 3 27.94 53.40 156. 1731028.

1958 1 33 24. 77 63. 72 138. 1786875.
2 34 22.52 65.57 158. 1869820.
3 35 20.95 72.22 160. 19624453.
4 36 19.89 68.92 162. 1979233.

1959 1 37 21.55 64.09 164. 1885444.
2 38 23.53 70.52 164. 2000244.
3 39 34.69 73.61 166. 2103464.
4 40 37.70 76.89 169 2169484.

1960 1 41 34.52 67.76 172. 2200684.
2 42 35.44 64.94 172. 2245760.
3 43 37.06 70.97 174. 3217740.
4 44 32. 32 67. 73 177. 2399284.

1961 1 45 33.79 67.56 2471252.
2 46 26.76 74.04 2492992.
3 47 26.60 68.47 256058&
4 48 28.60 73.67 2580729,

Quarter Seasonal Index Numbers
I
2
3
4

126
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1/Definitions of Variables and Data Sources

Index of quarterly (average) realized plywood mill prices,
by sanded and unsanded types of plywood. Components
of indexes are given in Table 2 , Chapter 3 . Sanded
plywood, 1949 base = $78. 25 per thous. feet. Unsanded
plywood, 1949 base = $61. 25 per thous. feet. Source:
Sales data, 1949-1961, from s.mple of:plywood firms.

Total quarterly industry production of Douglas fir ply-
wood, by all sanded and unsanded types, in thousands
of feet. Source: Plywood Quarterly Statistical Reports.
Douglas Fir Plywood Association. Tacoma, Washington.

Nt Quarterly totals of new orders for Douglas fir plywood,
by all sanded and unsanded types, in thousands of feet.
Source: (same as

Ut Average level of unfilled orders for Douglas fir plywood
during last reported period of the quarter, by all.sanded
and unsanded types, in thousands of feet. Source: Data
was provided privately by the Douglas Fir Plywood -
Association.

Bt' Index of the average hourly earnings of sawmill employ-
ees in the Douglas fir region of Western Oregon and
Western Washington. Includes shift differential and
overtime pay. Source: West Coast Lumbermen's Associ-
ation, Portland Oregon.

Index of wholesale softwood plywood prices. Source:
Construction Review. U. S. Dept. of Commerce. (see
Bibliography).

Average value of Douglas fir plywood inventory per ware-t house (all types), by quarter, in constant (1947-49) dol-
lars. Source: Confidential.

1/ Only the current sources of data are listed. Value dat.a are meas-
ured in current dollars unless otherwise indicated.
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Lt Index of wholesale lumber prices (1947-49 = 100) Source:
Housing Statistics, U. S. Housing and Home Finance
Agency (see Bibliography).

scL Total quarterly value of all new construction put-in-
place in the U.S., seasonally adjusted, in constant (1947-
49) dollars. Data are measured in millions of dollars.
Source: Construction Reports (series C 30), U. S. Bu-
reau of the Census (see Bibliography).

sCd. Total quarterly value of new industrial and commercial
construction put-in-place in the U. S., seasonally ad-
justed, in constant (1947-49 dollars). Includes: Private
sector- industrial, commercial, other nonresidential,
public utilities (excludes agricultural); Public etor -
nonresidential buildings. Source: (same assCto

s res.
C Total quarterly value of new residential construction

put-in-place (both public and private) in the U. S.,
seasonally adjusted, in constant (1947 -49) dollars.
Source: (same as 5C0t).

sCmlsc. Total quarterly value, public miscellaneous construc-
tion put-in-place in the U, S., seasonally adjusted, in
constant (1947-49) dollars. Includes: military, high-
ways, sewer and water, public service, and conservation
and development. Source: (same as 5C0t

Average quarterly stumpage prices of Douglas fir (west
side) in the Pacific Northwest. Source: U. S. Forest
Service, Washington, D. C.

W Average quarterly price, weighted by volume, of no. 2
and no. 3 peeler logs and no. 2 sawlogs for Columbia
River, Gray?s Harbor and Puget Sound logging compa-
nies. Source: Pacific Northwest Loggers Association,
Seattle, Washington.

At Index of average hourly earnings in contract building
construction (1949 = 100). Housing Statistics, U.S.
Housing and Home Finance Agency (see Bibliography).

S Total industry quarterly capacity for production of
Douglas fir plywood (all types). Source: (same as
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APPENDIX U

Estimation Errors of Endogenous Variables -
Real Minus Predicted Values
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Years

Appendix Fig. 1. - Reduced form and GCLS estimation errors
(real minus predicted values) - Quarterly price index of
Douglas fir plywood, sanded types, 1950-1961.
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Appendix Fig. 2. - Reduced form and GCLS estimation errors
(real minus predicted values) - Quarterly totals of new
orders, Douglas fir plywood, sanded types, 1950-1961.
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Appendix Fig. 3. - Reduced form and GCLS estimation errors (real minus predicted values)

- Total quarterly production, Douglas fir plywood, sanded types, 1950-1961
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Appendix Figure 4. -Reduced form and GCLS estimation errors
(real minus predicted values) - Quarterly price index of
Douglas fir plywood, unsanded types, 1950-1961
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minus predicted values) - Quarterly totals of new orders,
Douglas fir plywood, unsanded types, 1950-1961
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Appendix Fig. 6. - Reduced form and GCLS estimation errors (real minus pre-
dicted values) - Total quarterly production, Douglas fir plywood, unsanded
types, 1950-1961




