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Forest products dealt with were “all” lumber, softwood lumber, paper,
paperboard, building paper and board and softwood plywood (referred
to collectively as wood products), and softwood sawlogs, pulpwood,
peeler logs and softwood sawlog stumpage (referred to collectively as
primary products). The foundation of the study was a system of inter-
related linear demand and supply relationships. Although only mill-
level relationships were specified, attention was given to higher levels
of demand and supply in their formulation. The study was limited to
producers and consumers in the United States except for a brief consid-
eration of Canadian suppliers of lumber and newsprint.

Coefficients of wood product supply and demand relationships were
estimated by 2-stage least squares, using annual data for the years 1929
to 1960. Point estimates of elasticities for wood products were prepared
for the year 1960 to show the influence of “own” price, prices of com-
peting materials, prices of inputs in production, and other supply and
demand shifters. Lack of data on quantities marketed made it impossible
to carry out estimation for primary products.

Forecasts of wood product prices and consumption levels, and primary
product prices, were made for a prediction period ending in 1975. Three
types of forecasting equations were used: “solved structural,” “complete
reduced form” and “exogenous reduced form.” Forecasting methods
were compared, using 1961 and 1962 data which had been excluded from
the sample period. Basic predictions were adjusted using actual and pre-
dicted values for 1961 and 1962. On empirical and theoretical grounds
the adjusted solved structural method was judged to be generally the
most satisfactory one. Forecasts of consumption levels of certain wood
products prepared in this way were compared with predictions made in
studies carried out by the U. S. Forest Service, U. S. Department of
Commerce, the Stanford Research Institute, and Resources for the Fu-
ture, Inc.
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W.L. M. McKillop

Supply and Demand for Forest

Products—An Econometric Study'

I. INTRODUCTION

Tais sTUDY deals with lumber, paper,

paperboard, plywood, roundwood and .

stumpage. The study was an economet-
ric investigation of supply and demand
relationships using time-series data for
the sample period 1929 to 1960, and was
restricted to the United States except for
brief consideration of imports of wood
products from Canada.

In this report “stumpage’ refers to
standing timber sold for cutting, ‘‘round-
wood” refers to logs and pulpwood,
“wood products’ refers to lumber, paper,
paperboard and plywood, and ‘forest

products” refers to all these categories.
A preliminary aim was to specify an
aggregate demand and supply relation-
ship for the United States for each prod-
uct considered. A major aim was to esti-
mate the structural parameters of these
relationships, and thus provide a quanti-
tative assessment of demand and supply
elasticities and of the relative importance
of influences determining consumption
and price levels during the sample period.
An additional aim was to forecast con-
sumption and price levels in the United
States for a period ending in 1975.

Framework of Analysis

The study had as its foundation an
economic model consisting of a system
of supply and demand relationships set
up to explain the formation of prices
and consumption levels for the products
considered. These relationships may be
represented in vector notation in the
manner of Hood and Koopmans (1953)2
as

hl (Yg, Y*, Z,:, Zt, Uu, 0[1) =

t =

0
1...T
hy (Yi, Ya, Z1, Ze, Upyy ) = 0

hG (Yt, Y*, Zt, Z*, UG[, a(,') = 0 (1)
where
1 Submitted for publication June 17, 1965.

Y. represents the magnitudes in peri-
od t of G “endogenous” variables
—the price and consumption levels
of the products under study

Y.+ represents values of endogenous
variables in periods prior to
period ¢

Z, representsthemagnitudesinperiod
t of a set of “‘exogenous’ variables
which are not affected by the mag-
nitudes of endogenous variables,
and in terms of which the forma-
tion of Y, is to be explained

Z+ represents magnitudes of exogen-
ous variables in periods prior to
period ¢

2 See ““Literature Cited” for publications referred to in the text by author and date.
[1]
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U,: represents, for the gth relation-
ship, the magnitudes in period ¢
of unobserved disturbances de-
noting the aggregate effect of in-
fluences not depicted in the sets
Yt, Zg, Z+ above

o, represents the “structural param-
eters” of the gth relationship.

Investigation of the form of demand

and supply relationships was not feasible,
and a premise of the study was that the
relationships could be adequately repre-
sented by simple linear functions. A
second premise was that errors of meas-
urement in time-series data would not
seriously impair the quality of estimates,
and thus could be ignored. The establish-
ment of these premises permits the sys-
tem of relationships to be written as

where

Y:is a (G X 1) matrix representing
the observed magnitudes of en-
dogenous variables in period ¢

B is a (G X @) matrix ¢f unknown

structural coefficients associated

with Y,

is a (K X 1) matrix representing

the observed magnitudes of ‘“‘pre-

determined” variables (lagged en-
dogenous and exogenous variables)
in period ¢
C is a (@ X K) matrix of unknown
structural coefficients associated
U,is a (G X 1) matrix representing
the magnitudes of disturbances in
period &.

The gth equation in the system may be

written as

E baiYit = Zk cakxkt + Ugt (3)

X

-

with certain of the coefficients deemed a
priori to be zero.

Properties of Estimates

An aim of this study was estimation
of the matrices B and C. An additional
aim was to estimate future price and con-
sumption levels. As Mood (1950) indi-
cates unbiased estimates are not un-
equivocally better than biased ones, nor
are consistent ones necessarily better
than inconsistent ones. However, in the
absence of information on the magni-
tudes of biases and variances the prob-
lem is one of choosing estimates with
known, rather than unknown, proper-
ties. Accordingly, unbiasedness (or con-
sistency if unbiasedness was not attain-
able) was set up as a goal in estimating
parameters and future magnitudes. Ad-
ditional goals of minimum variance with
respect to unbiased estimates, and effi-
ciency with respect to consistent ones,
were also specified.

Estimation procedures and properties
of estimates are discussed at length in
later chapters. However, two points are
necessary to provide perspective for the
discussion to follow. The first point is
that, as Hood and Koopmans (1953)
show, direct least squares estimation of
a relationship such as equation (3) above
will, in general, yield biased and in-
consistent estimates of structural coeffi-
cients and that sound technique requires
that the system be dealt with as a
whole for estimation purposes. The sec-
ond point is the problem of omission of
variables. As Goldberger (1964) demon-
strates for a classical linear regression
model, least squares estimates of coeffi-
cients are, in general, biased if variables
are omitted from the model unless the
coefficients associated with these vari-
ables are zero. The same is true for pre-
dicted values of the dependent variable.
This emphasized the need for careful
construction of the economic model so
that chances of excluding important
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variables from a relationship would be
minimized. Economic consideration, also
dictated that important variables not be
omitted from relationships to be esti-
mated; here the main consideration was
that the structural coefficient associated
with a variable should represent the
genuine ceteris paribus effect of that vari-
able on the quantity demanded (or
supplied). In a linear relationship of the
type yn = ao + Dsan Tx + us the coef-
ficient o will represent the ceteris paribus
effect of x; only if the relationship con-
tains the complete set of variables affect-
ing the dependent one. Hence, only if
this latter condition holds will estimates
of demand and supply elasticities be cor-
rect in a definitional sense, and only then
will an assessment of the relative im-
portances of different variables be com-
plete. While it is possible to regard the
quantity of a good demanded (or sup-
plied) as being dependent on a very
large number of variables, practicality
requires that this number be severely
reduced. A prime task in the investiga-
tion was the selection of variables whose
influence could not be neglected. This
was done largely on a deductive basis
utilizing economic theory, although
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theoretical functions thus derived were
subject to verification and modification
in the light of data availability and
knowledge of the actual behavior of sup-
pliers and demanders of forest products.
Finally, a point closely related to the
problem of omission of variables should
be mentioned. As Klein (1956) points
out, the aim should be to seek out
autonomous relationships for estimation
purposes—that is, relationships that do
not change freely in structure over the
sample period. Certain models may be
appealing in their simplicity, say for pre-
diction purposes, but if they are sus-
ceptible to structural change estimates
obtained from them may be unreliable.
For instance, forecasts of wood-product
consumption levels may be readily ob-
tained by least squares regression anal-
ysis using a model depicting consump-
tion as a linear function of some variable
such as population or gross national
product. But because of the omission of
influential variables these predictions
may be subject to bias; in fact, the tech-
nique of least squares regression anal-
ysis itself has limited meaning if the
parameters of the regression model
change during the sample period.

Time Spans

Observation Period

A critical step in the study was choos-
ing the length of the observation period,
a topic with which Klein (1956) deals
briefly. Essentially, the choice was be-
tween annual or quarterly data since
sufficient observations were not avail-
able for other lengths of time. The
greater yield of information and the
greater degrees of freedom associated
with an analysis using quarterly data
held strong appeal, but the difficulties of
such a study appeared too great and so
annual data were used. Lengthy lags

were necessary to depict correctly influ-
ences in the demand for certain of the
wood products studied and this required
the use of a long sample period. Quar-
terly data could be obtained for the post-
war years, but for the prewar period only
annual data were readily available for
many variables. An even more critical
restriction was the need of a quarterly
study for detailed information about the
behavior of suppliers and demanders of
forest products. The investigator had
sufficient information at his disposal to
specify reaction to prices and other in-
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fluences over a 12-month span, but had
insufficient information to do this for
shorter spans. Ideally, the investigation
would have had an intensive field-work
phase in which market behavior was
examined but the breadth of the study
(in terms of both products and geog-
raphy) made this impossible. The only
alternative would have been an empir-
ical determination of variables and lags,
but with only one set of observations
available this approach was discarded as
being statistically weak. Other difficul-
ties associated with the choice of a
shorter observation period are discussed
later.

Sample Period

With the choosing of a year-long
observation period the need for a 20 or
30 year sample period became evident
and 1929 was taken as the starting year
as it was the earliest one for which
observations were generally available.
The longer the period the more difficult
it is to deal with structural change, but

the presence of potential structural
change was welcomed because the re-
vealing of its presence was seen to be a
useful part of the study. One type of
structural change that could not be
dealt with, however, was the influence
of wartime price controls, and therefore
the years 1942 to 1946 were omitted from
the sample period. At the inception of
the study the latest year for which data
were available was 1960, so that the
years 1929 to 1941 and 1947 to 1960
were taken as the sample period.

Prediction Period

Predictions were made to the year
1975. Klein (1956) says ‘“‘Extrapolations
should not be carried too far into the
future, perhaps not more than two
years.” Clearly, the prediction period in
this study was of ambitious length, but
it should be recognized that its choice
was suggested by need rather than by
statistical considerations. The need for
price forecasts relatively far into the
future is discussed later in this chapter.

Products Studied

Three types of forest products were
recognized: primary, secondary and in-
termediate.

Roundwood and stumpage were
classed as primary products. Lumber,
paper, paperboard, plywood, and veneer
not designed for manufacture into ply-
wood were classed as major secondary
products and referred to collectively as
wood products. Shingles, shakes, coop-
erage, posts, poles, piling and distillation
wood were classed as minor secondary
products.

Market pulp, and veneer destined for
manufacture into plywood were classed
as intermediate forest products.

Roundwood

Only certain types of roundwood—
sawlogs, veneer logs and pulpwood—
were considered in this study. Fuelwood,
for instance, was not considered, partly
because of lack of market data but
mainly because of its minor importance
as a marketed commodity. In addition,
its over-all importance is declining rapid-
ly—for instance, in 1929 some 27 per
cent of all roundwood consumed in the
U. S. was in the form of fuelwood; in
1960 its “‘share’ of roundwood consump-
tion was only 11 per cent (U. S. Forest
Service, 1963). Minor secondary prod-
ucts were also ignored because their con-
sumption (calculated on a roundwood
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basis using 1960 data) constituted less
than 5 per cent of the total consumption
of secondary forest products.

Intermediate Products

Intermediate products were not stud-
ied, for reasons similar to those stated
above. Market pulp, for instance, has
been declining steadily in importance—
from about 27 per cent (1937) to 17 per
cent (1952) of all pulp consumed (Stan-
ford Research Institute, 1954)—and
production of green veneer never repre-
sented more than 25 per cent of the total
consumption of all veneer in the soft-
wood plywood industry during the
sample period (Guthrie and Armstrong,
1961). Lack of market data also inhib-
ited study of intermediate products.

At the outset, therefore, the study was
restricted to lumber, paper, paperboard,
plywood and veneer; to sawlogs, veneer
logs and pulpwood; and to stumpage.
The category ‘‘paper’’ covered news-
print, other printing papers, construc-
tion paper, “fine” papers, ‘“‘coarse”
papers, tissue, and other miscellaneous
papers. ‘‘Paperboard” included wet
machine board, insulating board and
hardboard, with the latter categories
being referred to collectively as ‘“build-
ing board.” “Lumber” covered both
hardwood and softwood lumber and
“plywood and veneer”’ included both
types also.

Limitations of Data

The original aim of the study was to
estimate demand and supply relation-
ships and predict price and consumption
levels for each of the major product cate-
gories, and also for hardwood and soft-
wood subcategories. Data availability
-severely restricted this aim, however.
For instance, complete price series were
not available for hardwood lumber, for
hardwood plywood, for both hardwood
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and softwood veneer, or for stumpage
other than sawlog stumpage. Nor were
data available on “marketings’ of logs,
pulpwood and stumpage. In the case of
the wood products studied, consumption
and marketings could be considered the
same for all practical purposes, but be-
cause of much vertical integration in the
harvesting and processing of timber this
was not so for these other categories. As
a consequence, demand and supply esti-
mation was carried out for only “all”
lumber, softwood lumber, paper, paper-
board and softwood plywood. In addi-
tion, since there was some doubt as to
whether construction paper and build-
ing board should be treated separately,
estimation was carried out for building
paper and board.

Nevertheless, statistical requirements
demanded that consideration also be
given to the nature of demand and
supply for primary products. This made
it feasible to engage in prediction of
prices for these products, though not
with the same exhaustiveness possible
for wood products.

At this point it should be mentioned
that in certain cases the price data used
were somewhat restrictive in their cover-
age. For instance, the only complete
series available for sawlogs and for ven-
eer logs were for Douglas fir in western
Oregon and western Washington. With
regard to sawtimber prices the data used
were average prices weighted by lumber
shipments for Douglas fir, southern pine,
and ponderosa pine, with basic stump-
age prices used being mainly those re-
corded in sales on National Forests, With
regard to softwood plywood, the meas-
ure used was a price index for Douglas
fir interior grade and not one that
covered both interior and exterior grades.

The term “softwood lumber” as used
in the study refers only to principal
species, namely Douglas fir, ponderosa
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pine and southern pine, because com-
plete price data were available for only
these types. During the sample period

approximately 80 per cent of all soft-
wood lumber consumed in the United
States was of these species.

Markets Considered

More than one market level may exist
for the products considered, with the
exception of stumpage. For instance, it
has been estimated (Brown, 1947) that
about 50 per cent of all lumber goes
through wholesalers and some 70 per
cent to 80 per cent through retail yards.
Much the same is true for plywood, but
usually not for paper and paperboard.
Guthrie (1947) estimated that between
75 per cent and 80 per cent of all news-
print consumed in the United States was
sold under contract to publishers, and
that about 55 per cent of all book paper
and 50 per cent of all paperboard went
directly from manufacturers to users.
But it was estimated that in the case of
writing paper and of bag and sack paper
over 70 per cent was handled by paper
merchants.

Time was not available for a multi-
level study, and from the outset it was
apparent that for estimation purposes
the model would have to be restricted
to one level for each product. In fact, it
quickly became evident that because of
the nature of the price data available
only certain market levels could be
studied. In the case of softwood ply-
wood, for example, no continuous series
was available except for f.o.b. Chicago
prices.

TFor other products continuous series
were available only for f.0.b. mill prices.
However, in constructing the economic
model account was taken of higher lev-
els of demand in the formulation of mill
level relationships. Details are given in
the next chapter.

Related Studies

Major Studies

Major studies related to the present
one in regard to objectives have been
carried out by the Stanford Research
Institute (1954), the U. 8. Forest Service
(1958, 1965), the U. S. Department of
Commerce (see U. S. Congress 1957,
1958, 1959, 1963), and by Landsberg et
al. (1963) on behalf of Resources for the
Future, Inc. Essentially, all were at-
tempts at forecasting consumption levels
for a range of forest products. In addi-
tion to dealing with the aggregate com-
modities investigated here these studies
in general predicted future consump-
tion levels for various subcategories of
products, especially in the pulp and
paper field. The Stanford Research Insti-

tute study was the most comprehensive,
and it provided much useful information
for later studies, including this one. The
Forest Service’s 1958 study, published
as a chapter in Timber Resources for
America’s Future, was the culminating
point of a number of prior studies. The
1965 study was an updating of the 1958
one and attention is focussed on it rather
than on the earlier one. The Department
of Commerce studies dealt only with
wood pulp products; the 1963 study was
essentially an extension of earlier ones.

The forecasting procedures used in
these studies were relatively simple.
With regard to lumber consumption
the general method was to consider
various end-uses for lumber—for in-
stance, use in residential construction,



HILGARDIA « Vol. 38, No.1 « March, 1967

nonresidential construction, mainte-
nance and repair, manufacturing and
shipping. For construction, historical
data were used to estimate use factors
representing the average number of
board feet consumed per unit of end-use.
In the case of residential construction
the basic unit of end-use was an individ-
ual dwelling. For other construction the
use factor was expressed in board feet
per dollar of construction expenditures.
Trends in use factors were examined and
projections of them were made on the
basis of the investigator’s judgement and
experience. Forecasts of levels of end-use
(for example, the number of new dwell-
ing units, and the levels of construction
expenditures) were applied to these use
factors to obtain estimates of future
consumption in particular end-uses.
Lumber use in manufacturing was pro-
jected in the same way. Use in shipping
was predicted by examining past levels
of consumption in that sector and pro-
jecting them on a judgement basis. Indi-
vidual end-use estimates were aggre-
gated to give forecasts of total con-
sumption.

In the case of plywood, procedures
used by the Forest Service and Re-
sources for the Future were the same as
were used for lumber. The Stanford
Research Institute, on the other hand,
regressed past consumption on popula-
tion, disposable income and a trend
variable, and utilized forecasts of inde-
pendent variables to obtain estimates of
future consumption.

For most wood pulp products the
Forest Service forecasted levels of per
capita consumption and applied to them
forecasts of population. One exception
was building board; forecasts for this
utilized both an end-use approach and
an approach which related per capita
consumption to per capita gross national
product. In the Resources for the Future
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study the method employed for wood
pulp products was to examine past con-
sumption per million of population, per
dollar of disposable income, per dollar of
goods output, or per dollar of consumer
expenditures on various groups of com-
modities. Consumption factors obtained
in this way were projected on a judge-
ment basis and applied to forecasts of
population, income, or expenditures as
appropriate. Both the Department of
Commerce and the Stanford Research
Institute studies used regression analy-
sis in projecting consumption levels of
wood pulp products. In all cases the
Stanford Research Institute study used
population, disposable income and a
trend variable as independent variables.
The Department of Commerce used a
single independent variable in each re-
gression, either disposable personal in-
come or an index of industrial produc-
tion. One exception was special food
boards whose future consumption levels
were estimated by extrapolation of
recent trends.

Other Studies

Other studies have been carried out by
I. 1. Holland (1955), G. R. Gregory
(1960), J. A. Guthrie and G. R. Arm-
strong (1961), S. Makino (1960), and
L. M. Shames (1946).

Holland’s purpose was to estimate the
elasticity of demand for softwood lumber,
to determine what factors were major
demand shifters, and to assess their
relative importance. He attempted to do
this using “limited information” esti-
mates for a two-equation model. His
demand equation specified that the un-
deflated price of softwood construction
lumber was a function of per capita ship-
ments, of undeflated per capita expen-
ditures for new construction, and of per
capita production of Portland cement.
His supply equation specified that per
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capita shipments of softwood construc-
tion lumber were a linear function of
undeflated price, and of an index repre-
senting the average cost of manufactur-
ing softwood lumber. Holland also car-
ried out direct least squares estimation
of demand equations for Douglas fir lum-
ber, for ponderosa pine and for softwood
construction lumber, recognizing that
this represented ““. . . an inappropriate
estimating procedure . .. .”

Gregory dealt with a more narrow
market—that for hardwood flooring. In
one model he used a demand equation
specifying that monthly shipments of
red oak flooring were a function of de-
flated price, the number of nonfarm
dwelling units started during the month,
and the average construction cost for
private, one-family dwelling units. In
his supply equation he specified that
monthly production was a function of
the previous month’s price, of the previ-
ous month’s price for No. 1 red oak lum-
ber, and of the number of nonfarm
dwelling units started during the month.
He also included a price equation which
stated that price is a function of the
previous month’s price, the difference
between last month’s production and
shipments, the level of mill stocks in the
previous month and the change in the
price of red oak lumber.

In the course of examining the outlook
for western forest industry, Guthrie and
Armstrong (1961) came to the conclusion
that the Stanford Research Institute and
Forest Service estimates of consumption
in 1975 were too low, mainly because of
the use of projections of GNP and popu-
lation levels that were too low. They
estimated future domestic lumber pro-
duction by using regression analysis with
gross national product and time as inde-
pendent variables.

Makino (1960) was concerned with
forecasting levels of hardwood plywood

imports to the U. S. He prepared an-
estimate for 1970 by regressing past im-
port levels on past consumption and then
using estimates of future consumption
based on forecasts of GNP.

Shames, in a study carried out in
1945, made a prediction of U. S. lumber
consumption. He did this by guessing at
the relative importances of influences
such as population, building costs, and
prices, and gauging what their net effect
would be in the 18-year period following
World War II. He also made estimates
of demand elasticity, using price and
consumption changes over short periods.

In addition to his major study men-
tioned above, Holland has carried out
two other related studies (Holland,
1960a, 19600). In the first, he investi-
gated changes in lumber price and con-
sumption, using mainly graphical anal-
ysis as Zivnuska (1955) had done in an
earlier, similar study. In the second, he
predicted the price of eastern white pine
stumpage, first forecasting the wholesale
price index for all lumber and then esti-
mating the future ratio of eastern white
pine lumber price and this index and the
ratio of stumpage price and eastern
white pine lumber price. In projecting
the price index for all lumber to the
year 2010 he used an equation express-
ing the price index as function of per
capita lumber consumption, per capita
expenditures for construction, and an
index of lumber processing costs. Future
values of construction expenditures were
based on gross national product projec-
tions. Estimates of future levels of the
cost index were based on expected rates
of increase; lumber consumption projec-
tions were based on Forest Service
figures (U. S. Forest Service, 1958).

A recent study by Simpson and Halter
(Simpson, 1963; Simpson and Halter
1963) on Douglas fir plywood should also
be mentioned. Using quarterly data for
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the period 1950 to 1960, they estimated
market relationships for both sanded
and unsanded types. The equation esti-
mated for sanded plywood demand was
mill price as a function of new orders,
the value of wholesale inventories, lum-
ber price lagged one quarter, and the
change in wholesale price lagged one
quarter. For unsanded demand the func-
tion was the same except that the value
of new residential construction lagged
one quarter appeared in place of lumber
price.

In the case of sanded supply the
equation estimated was mill price as a
function of production, lagged sawmill
workers’ wages, and lagged mill price.
For unsanded supply, change in unfilled
orders appeared as an extra variable.

In addition to supply and demand,
inventory, unfilled orders and account-
ing relationships were also estimated.
For sanded inventories, value of inven-
tories was expressed as a function of
wholesale price lagged four quarters,
value of total new construction lagged
one quarter, lagged value of inventories,
and mill price lagged four quarters. The
unsanded relationship was similar, with
current mill price and production in-
cluded and lagged value of inventories
omitted. In the case of unfilled orders
the sanded equation had unfilled orders
as a function of lagged mill price, lagged
unfilled orders, and lagged wholesale
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price. For unsanded plywood the equa-
tion was unfilled orders as a function of
value of public miscellaneous construc-
tion, lagged wunfilled orders, lagged
wholesale prices, and lagged new mill
orders. The accounting relationship was
estimated with production a function of
new orders and change in unfilled orders
in the case of sanded plywood and a
function of new orders, change in un-
filled orders, and lagged change in
unfilled orders in the case of unsanded
plywood.

From the standpoint of selection of
variables for inclusion in a structural
relationship the Simpson-Halter study
was interesting. Basically, their proced-
ure was to take a relationship consisting
of numerous independent variables (in-
cluding different types of lags for the
same variable) and run preliminary
regressions for ‘. . . all combinations. ..”
(apparently, all possible subsets) of
these variables. The regression with the
highest multiple correlation coefficient
that “. . . made sense from an economic
point of view . . .” was considered best,
and the variables in the best regression
were used in the specification of the
relationship in the final analysis. In
addition to estimating structural rela-
tionships, predictions of price, produc-
tion levels and new orders were made for
the four quarters of 1961 using reduced
form equations.

Justification

General

Although this study was not intended
to solve specific problems it appeared
that solutions to a number of major ones
facing forest industries and government
would be much facilitated by results of
the study. An important problem is the
one facing the forest industries in their
decisions as to investment in land, tim-

ber, silvicultural and managerial opera-
tions, and plant and equipment. Infor-
mation about forest products prices 5,
10 or even 15 years in the future is
almost always vital to the making of
sound decisions. For government there
is the problem of how much stumpage to
release now and how much timber to
produce in the future. Only with knowl-
edge of future prices and potential con-
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sumption levels and some understanding
of the impact of the prices of primary
forest products on wood products supply
can this problem be adequately dealt
with. Government policy formation also
requires some idea of the effect on the
forest industries of major forces in the
economy, such as population and income
levels and levels of production in manu-
facturing and construction. This is
attainable in part from knowledge of
certain coefficients in the structural
relationships estimated in this study.
Lastly, it should be noted that estimates
of supply and demand elasticities are
critical to many economic analyses.
Analyses of problems of the forest econ-
omy of the United States are no excep-
tion. Of particular interest to the U. S.
lumber industry at the present moment
is the increasing level of imports of
softwood lumber from Canada (see U. S.
Department of Commerce, 1962a, 1962b).
Many suggestions have been made as to
how the impact on the lumber industry
of such imports can be lessened and they
range from an increase in tariff to a
partial embargo on imports. An accurate
assessment of the effects of such moves
on the economy and forest industries of
the United States cannot be made unless
estimates of elasticities of supply and
demand for lumber are available. In con-
trast to this, there is a current demand
for an assessment of the economic effects
of exporting roundwood from the Pacific
Northwest to Japan. Here also, estimates
of elasticities of supply and demand for
wood products are necessary for meaning-
ful analysis. A number of other areas in
which there is a need for such estimates
could be cited, but in all cases the eco-
nomic analysis is a lengthy investigation
and the present study was necessarily re-
stricted to obtaining estimates of struc-
tural coefficients and future magnitudes
of price and consumption levels.

Relationship to Other Studies

With regard to estimation of struc-
tural coefficients, only the Holland (1955)
and the Simpson-Halter (1963) studies
come near to providing some of the
results of the present investigation.
Holland’s work was a valuable pioneer-
ing effort and he deserves much credit
although his specification of functions
was perhaps inadequate. For instance,
the only supply shifter was an index of
average sawmilling cost, and such an
index may change as output changes
without any movement in the cost
curves of individual firms. A proper
supply shifter should depict movement
of cost curves rather than simply move-
ment along them. On the demand side,
using Portland cement production as a
shifter is difficult to justify on the basis
of economic theory, though possibly
when used in conjunction with construc-
tion expenditures it may have reflected
changing proportions of residential and
nonresidential construction. The anal-
ysis used only prewar data and dealt
only with softwood lumber; furthermore,
the influence of competitive materials
was totally ignored, and it is unlikely
that so incomplete a model could have
yielded good estimates of elasticities of
supply and demand.

The Simpson-Halter work was an
excellent example of an intensive study
of a single product, but its method of
specifying relationships could be criti-
cized. Ideally, only a priori knowledge
should be used to specify relationships
and only unimportant variables should
be omitted. It seems obvious that if
there is only one set of data available
this set should not be used both to
formulate and estimate a model. Some
evidence of the dangers of such practice
is given by Larson and Bancroft (1963)
who use a simple prediction model to
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show that biased estimates are obtained.
The main difficulty of the Simpson-
Halter method may be seen in the rela-
tionships themselves. The sanded rela-
tionship was somewhat different in
several instances from the unsanded one,
and it seems that both specifications
could not be correct. For instance, it is
not clear why lumber price should be
included in the sanded demand function
and not in the unsanded one; nor is it
clear why change in unfilled orders
should appear in the unsanded supply
function but not in the sanded one.
Also, the reason for including certain
variables and omitting others was not
clear. For instance, the value of public
miscellaneous construction was included
in the equation explaining the level of
unfilled orders for unsanded plywood
rather than, say, the value of total con-
struction despite the fact that all non-
residential construction accounted for
only 14.5 per cent of consumption in
1962 (Simpson and Halter, 1963). In
general, theoretical relationships used
as a basis for specifying the complete
set of variables appeared to be sound
from a logical and observational stand-
point, but the arbitrary elimination of
seemingly useful variables resulted in
relationships whose economic meaning
was not clear. The correct specification
of lags in an analysis using quarterly
data is difficult, and Simpson and Halter
were to some extent forced to take this
empirical approach. If they had decided
on certain basic variables, and had used
preliminary computations only to choose
between ‘“‘competing” lags, little criti-
cism could have been made on prag-
matic grounds. Finally, it should be
remarked that virtually no account was
taken of the role of substitutes in the
demand for plywood. In one equation
(the demand for sanded plywood), lum-
ber price lagged one quarter was in-
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cluded, but it is unlikely that any
substitution effect would be felt in such
a short time.

Comparison of Techniques

Though the price prediction and esti-
mation of structural coeflicients carried
out in this study were to a large extent
assaults on new problems, as has been
mentioned, forecasts of consumption
levels had been carried out by the Forest
Service, the Stanford Research Institute,
Resources for the Future and the De-
partment of Commerce. Essentially, two
methods of forecasting were used by
these agencies; they were direct least
squares regression analysis and what
might be called the ratio method. The
regression method was used by the Stan-
ford Research Institute in its final pro-
jections of consumption levels of soft-
wood plywood and wood pulp products,
and in a supplementary projection of
lumber consumption. Projections for
wood pulp products made by the De-
partment of Commerce also used this
method. The ratio method was the basis
for other projections carried out by all
four agencies. The ‘“model” underlying
it is simply Q; = a.X,, where @, repre-
sents the consumption of the particular
product in year ¢, and X, represents the
level in year ¢ of a “key’”’ variable known
to be closely related to the consumption
of the product, and where «, is the ratio
Q./X ., often called the use factor for
year ¢. In this method forecasts of con-
sumption are made by estimating future
values of the use factor and of the key
variable. In the end-use modification of
the ratio method, total consumption of
a product is broken down by consump-
tion in various end-uses, the ratio
method applied separately in each case,
and forecasts of total consumption ob-
tained by aggregating individual fore-
casts.
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The approach to forecasting adopted
in this study involved the specifying of
a set of behavioral functions for the
purpose of explaining the formation of
phenomena under study. Predicting
equations were then formed on the basis
of information about this set of functions
and were used to obtain forecasts with
desirable qualities, taking into consider-
ation statistical properties and computa-
tional costs. The ultimate test of a
method of prediction is whether or not it
consistently gives accurate predictions,
and in the absence of information about
true future magnitudes no method, how-
ever sophisticated, can claim complete
superiority. Iurthermore, no method
can take into account all possible influ-
ences—and the most comprehensive
method may fail while (due perhaps to
a cancellation of errors) a simple one
may succeed. Given a fixed budget, the
aim should be to choose a forecasting
procedure that eliminates as many poten-
tial sources of error as possible. It is the
author’s belief that the approach adopted
in this study does indeed do this. In
addition, it should be pointed out that
estimates of future levels of consumption
were obtained with little additional
effort once structural estimation and
price prediction had been carried out.

With regard to elimination of poten-
tial sources of error, certain defects of
the regression method are evident. In
the first place, omission of apparently
important variables can lead to biased
estimates. The Stanford Research Insti-
tute final predictions for softwood ply-
wood and wood pulp products and their
supplementary forecasts for lumber may

be susceptible to this type of defect, as
perhaps are the Department of Com-
merce predictions for woodpulp prod-
ucts. Furthermore, the Stanford Re-
search Institute supplementary forecast-
ing model for lumber consumption
utilized as a regressor variable the lum-
ber price index, which is clearly deter-
mined simultaneously with consumption.
This may make the estimates susceptible
to both bias and inconsistency.

The ratio method, being basically
different from the method used in this
investigation, shows few relative defects
and in fact may have certain advantages.
For instance its data requirements are
less demanding than the present ap-
proach and is not restricted to only
commodities for which time series data
are available. It can be used with infor-
mation for only one year, though this
may be dangerous especially when only
crude estimates of end-use data are
available. At the same time it provides
scope for the investigator to use his
personal judgement, though this may be
a defect rather than a strength since his
preconceptions as to what future magni-
tudes will be may have too much influ-
ence on the outcome of his investigation.

In addition, as Theil (1960) points
out there is “...some kind of social
pressure...” that leads forecasters to
produce estimates acceptable to their
audience. In particular, government
agencies and large organizations may
be susceptible to this pressure, and to a
certain extent the forecasting of con-
sumption levels in this study may be
regarded as an attempt at verifying
previous results.
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II. STRUCTURE

Relationships Considered

THE BUILDING of the economic model
was oriented towards participants in the
demand and supply process rather than
towards products. This was partly be-
cause of the multiple role of certain
participants and partly because it em-

Stumpage

Roundwood

Wood products

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

v
Producer goods Manufacturers
v
Consumer goods Manufacturers
v
Households

No attempt was made to show in the
above diagram that the same company
or individual may engage in several of
the activities depicted, but this possi-
bility was allowed for when the model
was constructed.

As indicated earlier, estimation was
restricted to supply and demand func-
tions for wood products. No other
structural relationships were estimated,

phasized the behavioral basis of supply
and demand functions. The participant
hierarchy evident in the growing, trans-
formation, and consumption of wood
is shown below in simplified schematic
form by broad product categories.

Timber growers
v
Loggers

Foreign suppliers

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

v .
Manufacturers .

Hous\éholds Housgholds
but roundwood and stumpage demand
and supply functions were explicitly con-
sidered in the economic model. Wood
products demand and supply relation-
ships at levels higher than the mill level
were not directly included in the eco-
nomic model, but their influence was
accounted for by the introduction of
appropriate variables into the demand
relationships.



14 McKillop : Supply and Demand for Forest Products

Important Participants

In constructing the model only im-
portant types of participants were con-
sidered, with importance being judged
by the proportion of a product consumed
or produced by them in certain years.
A breakdown of consumption by end-
uses and quantity supplied by sources is
given in Appendix A. With regard to
primary products it can be seen that,
where all timber is concerned, farmers
and other small private owners of forest
land have supplied roughly half the coun-
try’s output in recent years. Where soft-
wood timber is concerned, however, it
can be seen that the National Forests
and the holdings of wood-processing
firms are just as important as the forest
lands of small private owners. The in-
fluence of distributors of roundwood,
such as brokers and operators of concen-
tration yards, was not considered be-
cause of their minor role. For the same
reason no attention was given to round-
wood demand and supply by foreign
processors and operators. In addition,
foreign demand for wood products was
not considered because exports have
generally been of negligible magnitude
relative to U. S. consumption. The
only product exported in quantity during
the sample period was lumber, but even
in this case exports declined in relative
importance in the sample period, being
equivalent to 9 per cent of consumption
in 1929 but only to 2 per cent in 1960.
Imports of certain other wood products,
especially paper (mainly newsprint),
made up roughly 30 per cent of paper con-
sumption throughout the sample period.
Lumber imports were less important in
relation to consumption but showed a
more or less steady relative increase,
being only 4 per cent of consumption in
1929 but some 11 per cent in 1960.
Domestic wood processors were the only

important suppliers of paperboard, soft-
wood plywood, and building paper and
board.

The economic model might have in-
cluded behavioral functions associated
with wholesalers and retailers, covering,
for example, demand for inventories.
While such things as the level of dis-
tributor inventories could be important
in a study using quarterly data, it is
doubtful that speculative actions of
wholesalers and retailers have any appre-
ciable effect on marketings or price over
the period of a year. For this reason, and
because of the inadequacy of quantita-
tive information on factors affecting
their behavior, the influence of distrib-
utors on wood products supply and
demand was not considered.

Users of wood products considered
were: construction firms; manufacturers
of containers; manufacturers of furni-
ture and fixtures; manufacturers of other
goods; firms using wood products for
shipping; and households.

It may be seen from Appendix A that
in recent years over 70 per cent of all
lumber consumed was used in construc-
tion, and that the remainder was almost
equally divided between shipping and
manufacturing. The proportion of soft-
wood plywood used in construction was
approximately the same as for lumber,
but only 11 per cent of all paperboard
was used in construction, with container-
board being the most important cate-
gory of the product and accounting for
almost 50 per cent of consumption.
Newsprint accounts for the largest seg-
ment of paper consumption, followed by
book and other printing papers and
coarse paper; tissue and building papers
are relatively unimportant. As was men-
tioned the influence of users of wood
products was taken into account in the
formulation of demand relationships
facing processors by specifying individ-
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ual demand functions for each type of
user and then aggregating these sector
functions.

Specifying Functions

In specifying the individual functions
a problem arose because of the multi-
plicity of relationships that could be
formed. The demand for a particular
wood product by the construction indus-
try could be formulated, for instance, as
a function of the level of construction
activity. Alternatively, the level of con-
struction could be dispensed with and
replaced by a host of variables that
determine it—such as income, rate of
family formation, mortgage terms, costs
of inputs in construction, and so on.
Similarly, the demand for a wood prod-
uct by furniture manufacturers could be
expressed as a function of the level of
furniture output, or as a function of
higher level shifters that determine this
output, such as consumer income and
prices of other goods. Two criterions
were employed to overcome this diffi-
culty. The first one was that the rela-
tionship should be as simple as possible,
in the sense that it dealt with the lowest
level of product manufacture and re-
quired a minimum of information about
sectors of the economy other than the
forest industries. It was, for example,
desirable to avoid considering factors
influencing the demand and supply for
housing because of the cumbersome mill
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demand relationships necessary to ac-
count for them. The second criterion was
that any variable appearing in the sys-
tem of relationships should be explained
by the system or should be exogenous to
it. Expansion of the system to include
additional explanatory relationships was
considered infeasible and, therefore (as
is emphasized in part III) the statistical
requirements of the estimating proced-
ure made it necessary to seek relation-
ships containing no endogenous variables
other than prices and consumption levels
of the products studied.

The simplest type of producer-demand
relationship is one containing the output
of the demanding industry. This was
used as a basis for the demand for wood
products by construction firms, but in
no other cases did it appear that the
level of output of the demanding indus-
try was exogenous and unaffected by the
prices of the wood products utilized.
Where the demanding industry was
consumer goods, as in the case of furni-
ture and fixtures and in some parts of
the paper and printing goods industry,
higher level shifters were introduced into
the relationship in place of output (as
indicated below). Where the demanding
industry was producer goods, as in the
case of container manufacturing, paper
goods and printing, the output of higher
level industries together with the price
of substitutes for the product of the
demanding industry were used in place
of output.

Theoretical Framework

A preliminary step in selecting vari-
ables for inclusion in relationships in-
volved the use of economic theory as a
guide to important types of variables.
In an initial attempt at establishing
theoretical relationships much reliance
was placed on mathematical economic
theory, and supply and demand func-

tions were derived using the classical
tools of monoperiodic utility and pro-
duction functions, pure competition,
perfect knowledge, and profit and utility
maximization. Subsequently, theoretical
derivations were modified in an attempt
to deal with reaction to past prices,
elements of monopoly, and imperfect
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maximization. This approach proved to
be too cumbersome, and in a second
attempt economic theory was used only
to outline the type of variable that could
be expected to enter into relationships.
Key relationships utilized were classical
consumer demand, producer demand,
and supply. The theoretical basis for
these is briefly indicated in Appendix B.
In the same appendix the derivation of
various types of producer demand rela-
tionships is presented. In all, six types of
theoretical relationships were utilized in
the construction of the economic model.
They are presented below with the num-
erals in parentheses referring to func-
tions in Appendix B.
(1) Consumer demand (2)
Quantity of the good demanded: a function
of its price, the prices of substitutes, the prices

of other goods, population and per capita
income.

(2) Supply (4)
Quantity of the good supplied: a function of
its price and the prices of inputs in the produc-
tion process.

(3) Demand for a producer good (5)

Quantity of the good demanded: a function
of its price, the price of the product and
the prices of other inputs in the production
process.

(4) Demand for a producer good as a function

of the output of the demanding industry (11, 12)

Quantity of the good demanded: a function

of its price, the price of substitutes and the out-
put of the demanding industry.

(5) Demand for a producer good by a consumer
goods industry as a function of shifters in the de-
mand for the consumer good (17)

Quantity of the good demanded: a function
of the price of the good, the prices of ““other’’
consumer goods, the prices of inputs in the
consumer goods industry, population and per
capita income.

(6) Demand for a primary producer good by a
secondary producer goods industry as a function
of the output of the industry demanding the sec-
ondary good (18)

Quantity of the good demanded: a function
of its price, the prices of inputs in the second-
ary industry, the output of the industry de-
manding the secondary good, and the prices
of substitutes for the secondary producer
good.

Specification of Relationships

In the sections following, demand and
supply relationships are specified for each
participant type considered, namely:
construction firms, manufacturers of
consumer and producer goods, firms
using wood products in shipping, house-
holds, stumpage producers, roundwood
suppliers and domestic and foreign wood
processers. In a final section of the chap-
ter, ‘“‘sector’” functions associated with
each participant type are aggregated for
each product to obtain the complete
economic model.

Construction Firms

“All” lumber, softwood lumber, soft-
wood plywood and building paper and
board are discussed in this section with
regard to their use in auxiliary roles,

such as scaffolding, shoring, and shutter-
ing, and to their use in completed struc-
tures. It was decided that a demand
function containing level of output in
construction and prices of substitutes
was the most appropriate type of func-
tion for this sector, and function (4)
above was used as the theoretical basis.
In the case of “all” lumber, the quantity
demanded was regarded as a function of :
current prices of lumber, softwood ply-
wood, and building paper and board;
past prices of these commodities; past
prices of clay products and structural
steel ; past wages of construction workers;
and the value of total construction. A
similar function was specified in the case
of softwood plywood, except for the
inclusion of the price of wallboard in
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previous years in place of past prices of
structural steel and clay products. Soft-
wood lumber demand function was the
same as that for “all”’ lumber, except for
the use of softwood lumber prices. The
building paper and board function was
similar to that for softwood plywood.

Originally, the intention was to break
up total construction into residential
and nonresidential construction, public
and private construction, and mainte-
nance and repair. This was partly to pro-
vide information on the relative influ-
ences of the outputs of these sectors, and
partly to ensure that any effect of their
changing relative magnitudes could be
brought out. However, preliminary com-
putations indicated a high degree of
collinearity in the time-series data for
the various types, so the idea was
abandoned in favor of using only total
construction.

Besides being highly competitive
among themselves in the construction
field, lumber, building board and soft-
wood plywood suffer from competition
from numerous non-wood-based mate-
rials. Notable among competitors is wall-
board (used here to denote gypsum
board and plaster board) which com-
petes with both plywood and building
board. Lumber however—and especially
softwood lumber—suffers competition
from structural materials such as brick
and other structural clay products, con-
crete and structural steel.

Major changes in construction tech-
nique took place during the sample
period. Residential units showed a
marked decline in size; the average size
of single family nonfarm homes was
1500 square feet in 1920 and 1000 square
feet in 1950. Use of slab-type foundations
increased rapidly—they were used in
only 4 per cent of all new homes in 1940
but in 1953 they were found in 34 per
cent of such structures. The proportion
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of single-storied dwelling units increased
from 60 per cent in 1920 to 80 per cent
in 1950, and in the same period the
proportion of single storied multi-family
structures increased from 10 per cent to
50 per cent. Lastly, marked changes in
architectural requirements took place
and were characterized by a lowering of
roof pitches, a reduction in ‘‘ginger-
bread,” fewer interior walls, wider spans
and larger windows. Information on
trends prior to 1954 is to be found in the
study by the Stanford Research Insti-
tute (1954). Details on trends in the
period after 1953 are available in the
recent Forest Service report (U. S.
Forest Service, 1965).

Hardest hit by these changes was lum-
ber use in residential construction which
declined from 18,900 board feet per
house on the average in 1920 to 10,520
board feet in 1953 and to 8,700 board
feet in 1962. This was partly due to dis-
placement by sheet materials in flooring,
roofing, and exterior sheathing. Lumber
had 50 per cent of the market for exte-
rior sheathing in 1940 and only 4 per cent
in 1950 (Stanford Research Institute,
1954).

A major factor motivating the shift to
sheet materials was the rapid increase of
construction wage rates. Approximately
half of construction costs are in the form
of wages, and it is the installed price of
a construction material versus the in-
stalled price of a substitute that is
important in the demand for that mate-
rial. Wage rates of construction workers
were therefore selected for inclusion in
demand functions. An unsuccessful at-
tempt was made to compile a series for
wage rates of carpenters in preference to
other skilled construction workers. An
attempt to establish complete series for
the prices of all major competitors of
wood products in construction was also
unsuccessful, but it was possible to ob-



18 McKillop : Supply and Demand for Forest Products

tain data for the major non-wood com-
petitors—wallboard, structural steel and
structural clay products.

The use of only “current’” wages and
prices of substitutes was not deemed
appropriate. A great deal of what might
be termed ‘‘technical rigidity’ exists in
the construction industry, and response
in technique to short-run changes in
prices of materials is slight. Nor was the
use of simple 1-year lags thought ade-
quate, for the great heterogeneity of the
industry and the complexity of change-
generating forces were recognized. It was
felt that it was logically and statistically
impossible to identify each of these
forces, and therefore it was decided to
seek a single type of variable that would
capture their essential nature. Numerous
possibilities were considered, and it was
concluded that some sort of moving
average price would best represent the
influence of a particular competing
material on the demand for a given wood
product. What the exact nature of this
moving average should be was not easy
to determine. It appeared, however, that
where structural materials (structural
clay products, softwood lumber, and
structural steel) were concerned the
length of the averaging period should be
longer than in the case of non-structural
materials. It was finally decided that a
5-year average should be used in the case
of sheet materials and a 10-year average
in the case of structural materials. The
moving average prices were lagged 1
year, and current prices were inserted
separately in the demand functions; to
do otherwise would have created a prob-
lem with regard to the estimation tech-
nique employed (as will be apparent in
part III). Also, it was expected that
current prices would have a greater
influence than prices in any other single
year. Current prices of non-wood mate-
rials were not included because of their

apparently minor importance. Construe-
tion wages were dealt with in essentially
the same way, although installation costs
appeared to be less important in the case
of structural materials and only a 5-year
moving average was considered.

In an attempt to confirm the useful-
ness of the 5- and 10-year averaging
periods vis-a-vis other time periods, some
preliminary “construction demand”
equations were run with total consump-
tion of a particular wood product
regressed on the value of “total” con-
struction, the average price of the wood
product over the past n years, and the
average prices of important substitutes
over the same period. Regressions of this
sort were run for softwood lumber for
n = 1,2, ...10, and for softwood ply-
wood and building board for n = 1, 2,
. . . 5. Results of these regressions are
presented in Appendix C. It is evident
that they neither confirm nor deny the
realism of the chosen pericds, but it
should be noted that data on total con-
sumption of the particular wood product
had to be used rather than data on con-
sumption in construction, because of the
unavailability of the latter. An exhaus-
tive investigation using complete demand
functions rather than ones restricted to
construction alone could have been
carried out, but the computational effort
would have been much greater.

Producers of Consumer Goods

Wood products particularly considered
here are printing, fine and tissue paper;
and lumber, softwood plywood and
paperboard (especially hardboard) used
in furniture and fixtures and in a miscel-
lany of other manufactured products.
The U. S. Forest Service (1965) esti-
mated that in 1960, 53 per cent of all
lumber used in manufacturing, 32 per
cent of all hardboard, and 49 per cent of
all plywood and veneer used in manu-
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facturing, went into furniture and fix-
tures. It was estimated that 55 per cent
of the paper was consumed in the form
of newsprint and other printing paper,
8 per cent was “fine” and 10 per cent
was “‘sanitary and tissue.”

The type of function appropriate for
this sector was one which described the
“demand’’ for a wood product as a func-
tion of its price, the prices of substitutes
for it, and of supply and demand shifters
for the consumer good being produced.
Function (5) on page 16 is of this type.
In the case of lumber, softwood plywood,
and paperboard, the quantity of the
wood product demanded was specified to
be a function of the current prices of
lumber, softwood plywood and paper-
board; population and per capita dis-
posable income. In the case of the de-
mand for paper in manufacturing con-
sumer goods, the quantity demanded
was considered to be a function of the
price of paper, population, per capita
disposable income, and the consumer
price index.

In the manufacture of furniture, fix-
tures and other consumer goods, the
major competitive materials are lumber,
plywood, hardboard, metals and plastics.
Because suitable time-series data were
available only for wood products, metals
and plastics had to be ignored.

With regard to demand shifters for
consumer goods being produced, it was
necessary to limit these to a few major
ones, partly because of statistical neces-
sity and partly because of the hetero-
geneity and greater number of the goods
in question. As a result population, per
capita disposable income, and the con-
sumer price index alone were utilized.
The consumer price index was somewhat
inappropriate as a measure of the prices
of “other” goods because of its gener-
ality and because it depends on the
prices of the consumer goods in question,
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but these defects were thought to be
outweighed by its convenience.

In a search for appropriate supply
shifters for consumer goods, series were
compiled for electric power, and for
wages in printing and publishing, in
“furnitures and fixtures,” and in all
manufacturing. These variables were not
included in the final model mainly be-
cause they were not thought important.
No prices other than current ones ap-
peared to be important.

Manufacturers of Producer Goods

The basic relationship used here was
quantity demanded as a function of the
prices of inputs (especially substitutes)
in the producer goods industry, the out-
put of the industry supplied, and the
prices of substitutes for the key pro-
ducer good. Function (6) on page 16 is
of this type. Wood products dealt with
in this section are mainly lumber, paper-
board and softwood plywood used in
container manufacturing; lumber for
pallets; and paper for sacks and for
business stationery and printed matter.
With regard to container manufacturing
the U. S. Forest Service (1965) reported
that in 1960, 9 per cent of all lumber
went into boxes, crates and pallets; 74
per cent of all paperboard was container-
board and bending board; and that
about 11 per cent of all plywood and
veneer was used for containers and
pallets.

It was obvious that separate measures
of output for all relevant producer goods
industries could not be included in the
model, and consequently the Federal
Reserve Board index of industrial pro-
duction for all manufacturing was used
as a catch-all variable. The only other
variables used in this sector were current
prices of the wood products in question,
with lumber, paperboard, and plywood
considered to be competitive in the
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manufacture of boxes and crates. Paper
and paperboard were viewed as com-
petitive with each other because paper
packaging materials and sacks tend to
be substitutes for paperboard containers.
This competition might have been ex-
pressed by price measures for the prod-
ucts (sacks and containers) themselves,
but such prices in part depend on the
prices of paper and paperboard and their
use would have required the inclusion of
additional explanatory relationships in
the model.

For lumber and softwood plywood,
the quantity demanded was specified as
a function of the current prices of lum-
ber, plywood, and paperboard, the index
of manufacturing production, popula-
tion, and per capita disposable income.
In the case of paper, the quantity de-
manded was specified as a function of
the current prices of paper and paper-
board, the index of manufacturing pro-
duction, population, per capita dispos-
able income, and the consumer price
index. The demand for paperboard was
identical except for the addition of the
current prices of lumber and softwood
plywood.

Firms Shipping

The only products of importance in
this sector are lumber used for dunnage
(4 per cent of all lumber consumed in
1952) and “coarse’” paper used in its raw
form rather than in the form of bags and
sacks. Sufficient recognition was given
to this sector by a demand relationship
expressing the quantity of the wood
product demanded as a function of its
price and of the index of manufacturing
production.

Households

Direct use of wood products by house-
holds is of only minor importance and

stems mainly from hobbies and do-it-
yourself projects. To a certain extent
plywood, lumber, and building board are
competitors in this use. The type of
demand relationship represented by
function (1) on page 16 was considered
to be an appropriate basic function here.
The variables population, per capita in-
come, and the consumer price index were
selected as relevant additions to a de-
mand relationship depicting the quan-
tity of a wood product demanded as a
function of its own price and the price of
competing materials.

Stumpage Producers

Supply of stumpage by both private
and public producers is dealt with in
this section. The activities of timber
growers who are wood processors or who
do their own logging are not considered
here and are dealt with in later sections.
In the case of both private and public
stumpage the quantity supplied was
specified to be a function of only the
current price of stumpage and a trend
variable. Multi-period production theory
was of some help in clarifying the type of
variable that might enter into a supply
of stumpage relationship, but it yielded
no function that was directly useful.
Characteristically, this type of theory
assumes a known production function
invariant over time, profit maximiza-
tion, and perfect knowledge of future
prices of products and inputs. In view of
the long period and high degree of uncer-
tainty involved in the production of
stumpage, and the predominance among
stumpage producers of aims other than
profit maximization, the deductive ap-
proach was abandoned in favor of a more
empirical one.

In the case of private producers, ex-
perience indicated that a type of stock-
supply function would be the most
appropriate, with the understanding that
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individual producers could have one or
more parcels of timber each with a
reservation price. It was recognized that
in the aggregate, current price would
have a powerful effect in bringing addi-
tional parcels or individuals into the
market. It was also noted that expecta-
tions of future price levels might have
some influence in forming reservation
prices for individual producers, and con-
sideration was given to the inclusion of
some type of lagged price or price change
variable that would represent expecta-
tions. The step was not taken, however,
because of the over-all unimportance of
the variable in the system. In any case,
knowledge of the motivations of the
type of individual under consideration
(the non-logging, non-processing grower)
indicated that, on the whole, reservation
prices were not formed by any compre-
hensible process.

Prices of inputs in timber growing
were discarded without hesitation as
possible variables, but a serious (though
unsuccessful) attempt was made to ob-
tain data on property tax rates on
mature timber as it was felt that changes
in holding costs were an important
influence on the supply of stumpage.

If the length of the production period
for stumpage was shorter, no other
variables need have been considered—
but it was evident that in a time-series
analysis recognition had to be given to
the changing physical availability of
timber in the hands of these private pro-
ducers. No suitable data were available,
but it was evident that a continuous
trend variable would represent to some
extent the steady decrease that took
place in the stock of mature, high qual-
ity timber throughout the sample period.

With regard to the supply of public
stumpage, attention was focused on the
U. S. Forest Service because of the much
greater importance of national forests in
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this respect. Initially some difficulty was
experienced in conceptualizing a supply
function for Forest Service timber be-
cause of the features of allowable cut
and appraised minimum prices associ-
ated with it. Eventually it was con-
cluded that a supply schedule inelastic
at prices above the appraised price, with
zero supply at lower prices, character-
ized the individual timber sale. It was
observed that aggregation of such sched-
ules would lead to a discontinuous step-
like schedule of total supply, with dis-
continuities becoming less marked as the
size of individual sales became smaller
and appraised prices became more con-
tinuous. It was noted that this total
schedule would be subject to shifts as
the level of allowable cut was changed,
and that the level of Forest Service
budgets for timber sale preparation
would also act as a supply shifter. Com-
plete series of observations on these
variables were not available but data at
hand showed that they had undergone
a steady increase in magnitude, espe-
cially in the latter part of the sample
period. It was therefore concluded that
a continuous trend variable would be of
some assistance in depicting their infln-
ence.

The complexities arising from the
heterogeneous nature of stumpage are
great. For instance, there is much vari-
ation in log quality and there are wide
locational differences among timber sales
with regard to length of haul and diffi-
culties of terrain. There also are addi-
tional problems resulting from the
method of appraising minimum prices
and from Forest Service policy regarding
size, timing and conditions of sales. The
study of the supply of public timber is a
complete topic in itself, and the present
superficial treatment is justified only by
the fact that it played a somewhat minor
role in the final model because estima-
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tion of stumpage supply was not carried
out and because information on it was
used only indirectly in estimating other
relationships.

Roundwood Suppliers

This section deals with the role of
logging concerns as suppliers of round-
wood and demanders of stumpage but
does not cover concerns engaged also in
wood processing although loggers who
are also timber growers are covered.

In the case of the ‘“non-integrated”
logger who demands stumpage and sup-
plies roundwood, simple “‘classical”’ sup-
ply and producer demand functions were
thought to be appropriate basic relation-
ships. This meant that attention had to
be given to the prices of inputs in logging
and log transportation, as well as to
prices of roundwood and stumpage.
Among the inputs considered were labor,
automotive fuel, equipment, vehicles,
tires and accessories. Adequate data on
wages in logging were not available, so
wages in sawmills were used instead.
Automotive fuel prices were also in-
cluded in the final model, but the other
inputs were discarded. The reason for
this was partly lack of data and partly
lack of knowledge as to their influence;
this was particularly true in the case of
more durable types of equipment such
as tractors and trucks. Increases in stock
of such fixed assets must have led to
increases in supply over the sample pe-
riod and, while past prices of a particular
input relative to the prices of roundwood
and other logging inputs could have been
introduced to depict part of the motiva-
tion for increases in equipment stocks,
difficulties in obtaining data and speci-
fying the exact nature of variables sug-
gested that the step should not be
taken. Ideally, variables representing
levels of stocks of fixed inputs should
have been included—but again lack of

information led to their exclusion. Com-
plete price data were available for saw-
log stumpage, but not for pulpwood
stumpage or peeler-grade timber.

In the case of the integrated logger
who both grows timber and supplies
roundwood it was apparent that his
supply-of-roundwood function should
include roundwood prices, prices of
logging inputs, and shifters similar to
those in the supply of private stumpage.
As with stumpage, the only feasible
shifter was a continuous trend variable
to represent decreasing physical avail-
ability of timber. It was recognized,
however, that the timber grower doing
his own logging may be a shrewder busi-
nessman than the non-logging timber
grower and that he may frequently hold
roundwood off the market in anticipa-
tion of higher future prices. If more
information on his formation of price
expectations had been available some
sort of “‘expectation’” shifter could have
been devised and might have been a use-
ful addition to the relationship.

Domestic Wood Processors

The supply of wood products, the
demand for roundwood and the demand
for stumpage by domestic processors are
considered here. No attempt was made
to specify special types of functions for
horizontally integrated firms; their sup-
ply functions with regard to a particular
wood product were assumed to be unaf-
fected by the price of their other prod-
ucts. This approach was taken partly for
the sake of simplicity but mainly because
multi-product wood processing com-
panies may frequently treat the manu-
facture of different products as separate
operations, except for such things as the
recovery of chips for pulping. Neverthe-
less it was recognized that decreasing
supplies of raw materials in the future
might make the theoretical supply
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function under joint production a real-
ity, because a company faced with
shortages of logs would have to make
decisions as to which product to favor in
their allocation. Attention was paid,
however, to the effects of vertical inte-
gration on processor behavior, and dis-
tinction was made between the non-
integrated firm (purchasing only logs),
the partially integrated firm (purchasing
stumpage and perhaps logs), and the
completely integrated firm (growing tim-
ber and perhaps also purchasing stump-
age and logs).

In the case of lumber the quantity
supplied was characterized as a function
of its current price, current prices of
sawlogs, sawlog stumpage, electric power,
petroleum products, current wages in
sawmills, a variable depicting produc-
tivity in sawmilling, and two proxy
variables. The quantity of paper and
paperboard supplied was specified to be
a function of current price, the prices of
pulpwood, electric power, petroleum
products, current wages in pulp and
paper, and a productivity variable and
proxy variables. The quantity of soft-
wood plywood supplied was designated
to be a function of its price, the price
of veneer logs, electric power, wages and
productivity in plywood plants, and a
single proxy variable.

In the case of the demand for round-
wood, functions were basically similar.
For sawlogs the quantity demanded was
specified to be a function of the prices of
sawlogs, lumber, electric power, petrol-
eum products, and wages in sawmills.
For pulpwood it was specified to be a
function of the prices of pulpwood,
paper, paperboard, electric power, and
wages in pulp and paper mills. In the
case of veneer logs it was characterized
as a function of the prices of veneer logs,
plywood, electric power, and wages in
sawmills.
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With regard to the demand for stump-
age by domestic processors, the quantity
demanded was specified to be a function
of its price, the prices of wood products,
roundwood, electric power, petroleum
products, and wages in processing plants.

Inthe simplest case, the non-integrated
firm, the “classical” supply function
indicated that the quantity of a wood
product supplied should be a function of
its price and the price of inputs used in
its manufacture. The demand for an
input was indicated to be a function of
its price, the price of the product, and
the prices of other inputs. Inputs for
which data were available were sawlogs
and petroleum products in the case of
lumber manufacture, veneer logs in the
case of plywood production, and pulp-
wood in the case of paper and paper-
board manufacture. Data on the price
of electric power and wages in sawmills
and in pulp and paper mills were also
available. In the case of lumber manu-
facturing, it has been estimated recently
(Western Lumber Manufacturers, 1958)
that 77 per cent of variable sawing costs
(excluding log costs) of certain mills
were due to labor requirements and 23
per cent due to supplies and power re-
quirements. Of the latter component,
power was 35 per cent and petroleum
products 7 per cent. For yard and
shipping operations the percentage at-
tributed to labor requirements was much
the same, although purchases of petrol-
eum products amounted to 36 per cent
of the remaining costs. These figures
exclude log costs, but it should be noted
that such costs rose sharply during the
sample period and in the late 1950’s
accounted for more than half of total
lumber costs in many regions. For wood
pulp production, Guthrie (1950) esti-
mated that in 1946 wood costs varied
from 55 per cent to 71 per cent of total
manufacturing costs, depending on local-
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ity and the type of pulp produced. It
was estimated from his data that during
the same period on the average 65 per
cent of the cost of manufacturing news-
print went for pulp, 11 per cent for labor,
and 7 per cent for fuel and power. It was
also estimated (using 1942 data) that
55 per cent of costs were for pulp and
other raw materials in the case of Kraft
wrapping paper manufacture and 59 per
cent in the case of writing paper. Data
on wages in plywood plants were not
available, and wages in sawmills were
used in their place in the plywood supply
and veneer log demand functions; it is
likely that the two wage series are
closely correlated. Available cost data
on wood processing are seanty, but
detailed knowledge of cost structure is
not critical to the estimation of supply
functions. What is necessary is that
sufficient information be available to
indicate which variables are important
and which are not.

At the start of this study pilot estima-
tions of wood products supply equations
were made, using the simple models
indicated by classical supply theory.
These regressions consistently showed
negatively sloped supply schedules which
induced some skepticism as to the valid-
ity of the models. Though static eco-
nomic theory permits such schedules to
exist where external economies prevail
this was not sufficient justification for
accepting the estimates obtained. In the
first place, the concept of external econ-
omies is incomplete in the sense that it
deals with a situation in which influences
such as technology and the prices of
inputs are allowed to vary. In an econ-
ometric study the objective should be
to account for the effects of such influ-
ences and not to use them to justify
results. Secondly, it appeared that to
admit the presence of external economies
was to accept the existence of structural

change due to the omission of variables.
From the outset it was evident that the
simple models suggested by classical
theory were inadequate to depict the
real behavior of wood processors with
regard to their demand for inputs and
their supply of wood products. Such
models were thought to be particularly
deficient in handling such influences as
changes in the capital intensiveness of
wood processing, changes in the size and
distribution of industry capacity, and
technological advance.

The role of changing capital intensive-
ness of production as a supply shifting
influence was not immediately obvious,
but some reflection led to the conclusion
that it might well have been an impor-
tant supply increaser over the sample
period. In all phases of wood processing
marked substitution of machinery and
equipment for labor took place during
the latter part of the sample period, and
it was felt that this move served to bring
down variable costs of production and
thereby increase the supply of firms that
made the change. No really satisfactory
direct measure of changing capital inten-
siveness was available, and so an effort
was made to find a proxy variable that
would be a good indicator of it. As a
result, output per man year in U. S. saw-
mills was included in the lumber rela-
tionships, and output per man year in
pulp, paper, and paperboard mills was
included in paper and paperboard rela-
tionships. No such proxy variable was
available in the case of plywood and (as
will be explained in the next chapter) it
seemed advisable to use the sawmilling
productivity variable in the supply
equation for that product. It was not
overlooked that these proxy variables
might be endogenous because they were
dependent on levels of output of the
particular wood products. Nevertheless,
they were included on the premise that
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(in this case) any slight least-squares
bias was preferable to bias due to omis-
sion of an important variable.

Finally, it was hoped that productiv-
ity variables would to a certain extent
represent some of the technological
change that had been taking place
during the sample period. Since these
variables represent changes in output
for a fixed level of a particular input
(labor), it was anticipated that they
would capture the effects of movement
along the surface of production func-
tions due to increasing levels of other
inputs, and the elevation of that surface
due to technological advance.

The effect of changes in capacity was
much less easy to deal with. Part of the
trouble was that not all changes in
capacity represent changes in supply.
For instance, increase in the output of
an industry due to entry of high-cost
firms in times of high prices is not an
increase in supply but a movement along
a previously existing supply schedule.
On the other hand, entry of low-cost
firms, say in times of rapid techno-
logical advance, does result in an increase
in supply. Some data on capacity
changes during the sample period were
available, but because of this lack of
clarity as to its role the variable was not
used in the final model. The theoreti-
cally ideal solution would be to attack
the problem at its roots, and to bypass
capacity by specifying comprehensive
relationships that would account for
increased capacity by considering such
basic influences as expectations of future
prices and costs. This was not thought
to be practicable, however.

With regard to technological advance,
it was obviously impossible to get some
direct measure of this influence to in-
clude in the model, yet it was apparent
that such advance had taken place over
the sample period, especially in pulp and
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paper. It was especially evident that
although little change had taken place
in the prewar period, the postwar years
had seen a great upsurge in technological
development. Thus, a 0-1 dummy var-
iable referring to the prewar-postwar
periods was introduced into the model,
even though it might act as a catch-all
variable and bring in the effect of vari-
ables other than technological advance.
This is what appeared to happen in the
case of plywood and lumber supply
functions where the estimated coefficient
of the dummy variable showed a signifi-
cantly negative sign. In the case of wood
pulp products, the coefficient was posi-
tive. One reason for the negative sign in
the case of the other products could be
a ‘‘picking up” of a quality decrease in
raw materials which was not reflected in
the price data used for them. Theoreti-
cally, decreasing quality of an input with
a constant price should result in a de-
crease in supply, and it could be argued
that deterioration in log-grading stan-
dards may have taken place during the
sample period, especially in postwar
years. The view that this was the real
reason for the nature of the estimates
cannot be substantiated however. (Other
possible reasons are discussed on page
43).

With regard to behavioral relation-
ships for partially integrated and fully
integrated wood processors it should be
noted that their essential attributes have
been discussed in this and the previous
sections. For the partially integrated
wood processors who purchase logs and
do their own logging, the supply function
was considered to be the same as for
non-integrated processors with the addi-
tion of the price of roundwood, the price
of stumpage, and the prices of logging
inputs (see pages 22-23). For those par-
tially integrated processors who do not
purchase roundwood, the relationship
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used was as just described except for the
omission of the price of roundwood
which is irrelevant in this case.

For completely integrated processors
who purchase logs and stumpage and
also grow timber, the relationships em-
ployed were those which included all the
variables described in this section plus
a trend variable to depict decreasing
physical availability of mature timber.

In the case of plywood processing no
attention was given to logging and tim-
ber growing influences, as it was felt
that their effect would be sufficiently
reflected in the price of peeler logs.

No explicit consideration was given to
miscellaneous types of participants such
as pulp companies selling sawlogs or
lumber companies selling veneer logs,
because such sources of roundwood sup-
ply are minor.

Foreign Wood Processors

Of the products discussed, only lumber
and newsprint are imported into the
United States in any quantity. Almost
all of these imports come from Canada,
so the activities of processors other than
Canadian ones were not considered in
the analysis. Demand for United States
roundwood by Canadian processors was
ignored. The quantity of lumber sup-
plied by Canadian mills was specified to
be a function of price, the tariff on
lumber, and the rate of exchange on the
Canadian dollar. In the case of news-
print, only price and the rate of exchange

were considered. A complete model
would have specified the supply of Cana-
dian newsprint or lumber as a function
of (among other things) its price in
Canadian and European markets as well
as in U. S. markets. Such prices would
not be exogenous because of the effect of
U. S. prices on Canadian exports to
Europe and the supply to domestic mar-
kets. This, coupled with difficulties of
obtaining data, led to the inclusion of
only U. S. prices. Input prices in the
Canadian wood-processing industries
might also have been considered but
were not, partly because of their over-all
insignificance in the model, and partly
because the series on them were not
readily available. For the latter reason,
freight rates from Canada to U. S. mar-
kets vis-a-vis internal rates had to be
dropped from the model, though they
are an important factor in the increased
imports of Canadian lumber in recent
years (U. S. Department of Commerce,
1963). The rate of exchange is generally
thought to be an important shifter now
in the supply of Canadian lumber to U.S.
markets (U. S. Department of Com-
merce, 1963) ; this is not true of the tariff
on lumber, which is only a minute handi-
cap to Canadian exporters. For Douglas
fir construction lumber in 1960 it was
only about 1 per cent of the average
price. In the early 1930’s, however, it
was as much as 38 per cent of the price
and must then have been a significant
influence.

Market Equilibrium

In short-run studies using, say, quar-
terly or monthly data, discrepancies
between quantity demanded and quan-
tity supplied may occur. Such studies
may require the specification of addi-
tional relationships to account for these
discrepancies by a consideration of

movements in inventory levels. One ad-
vantage of using annual data was that
this was unnecessary because of the
minor nature of changes in inventory
levels for the products considered. For
instance, changes in lumber stocks in
relation to consumption were only 2 per
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cent in 1939, 3 per cent in 1947 and 0.5
per cent in 1959; for pulpwood, percent-
ages were 5 per cent in 1947 and 2 per
cent in 1959; for paper other than build-
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ing paper and newsprint, changes in
stocks as a percentage of U. S. produc-
tion were 0.7 per cent in 1939, 0.5 per
cent in 1948, and 0.3 per cent in 1959.

The Complete Structure

The economic model consisted of two
major parts: a subsystem of demand and
supply relationships for wood products,
and a similar sybsystem for the primary
products—roundwood and stumpage.
Within the wood products subsystem
relationships are interrelated in the sense
that the price of one wood product may
affect the demand for another product,
and in turn may have its demand af-
fected by the price of the other product.
Both subsystems are subject to exogen-
ous forces and at the same time they
influence each other because roundwood
and stumpage prices affect wood prod-
ucts supply—and these primary prod-
ucts in turn have their demands affected
by the prices of wood products.

It is not feasible to show diagramat-
ically the interrelationship between prod-
ucts, but some idea of its complexity
may be obtained from the much simpli-
fied case presented in figure 1. In this
figure the interaction between lumber
and plywood only is shown, and no
attempt is made to indicate the effect of
prices other than current ones.

The wood products subsystem was the
one specified in detail and subjected to
structural estimation. The primary prod-
ucts subsystem played only an auxiliary
role and was specified mainly because of
the requirements of the simultaneous
estimation technique employed. It was
thought profitable to estimate structural
relationships for softwood lumber and
building paper and board as well as for
lumber, paper, paperboard and ply-
wood—the main commodities in the
wood products subsystem. Twelve rela-

tionships in the wood products subsys-
tem were specified. Only eight in the
primary products subsystem were speci-
fied, because sawtimber was the only
category of stumpage for which data
were available. The twenty relation-
ships, which are described immediately
below, conform to the discussion in the
previous sections except for the intro-
duction of freight rates into demand
equations to cover shipment costs for
wood products where price data avail-
able were f.o.b. mill rather than f.o.b.
destination.

The term ‘“‘quantity demanded (or
supplied) a function of” is implicit in
the presentation, and the wvariables
shown are the “right-hand”’ variables in
the relationship. After each variable the
sector or sectors of demand or supply in
which it originated is indicated by a
code letter in parentheses. Sector code
letters are as follows:

. Construction

. Container manufacturing

. Furniture and fixtures manufacturing

. Other manufacturing

. Firms shipping

Use by households

. Shipment of wood products

. Stumpage production
Roundwood production
Domestic wood processing

. Foreign wood processing

ReHTEOEEHD QW >

For wood products relationships the
basic character of the variable is shown
by the word ‘positive” or ‘“negative”
appearing after it with positive refer-
ring to a variable that increases the
quantity demanded or supplied as it
itself increases, and negative referring to



a3inddns
39VdUNLS
40 ALILNVNOD

a31nddns
S9071 ¥U3I3INIA
40 ALILNVNOD

J9VdNNLS

301¥d

Qa311ddns
S90IMVS
40 ALILNVND

a3iddns
QOOMAd
40 ALILNVND

$901
YIINIA
40 3D1¥d

G3aNVRWia
39vdNNLS
40 ALILNVNO

S90TMVS

301ud

a3llnddns
Yy3Iguni
40 ALILNVND

aoomaid
40
301ud

G3IANVW3a
S907T U3IINIA
40 ALILNVNO

[

G3IaNVW3a
aoOMAld
40 ALILNVND

GQ3ANVK3ia
S90IMVS
40 ALILNVNO

¥3gnwn
40
3014d

G3aNVW3a
y3guNl
40 ALILNVND




HILGARDIA ¢ Vol. 38, No.1 « March, 1967

demand or supply decreasers. These
notations are also the a priori expecta-
tions of signs of associated coefficients
obtained through statistical estimation
(as discussed in the next chapter). Judg-

Lumber demand:
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ment as to whether a variable was a
positive or negative shifter was formed
partly through knowledge of the behav-
ior of participants and partly on the
basis of economic theory.

Current price of lumber (sectors Ato G)........ ... i i Negative
Current price of softwood plywood (sectors Ato G)............................. Positive
Current price of paperboard (A, B, C,E, F).. ... ... .. . i it Positive
Past price of softwood lumber (A)....... e Negative
Past price of softwood plywood (A)...... ... Positive
Past price of building board (A)....... ... .. .. Positive
Past price of clay products (A). ... ... Positive
Past price of structural steel (A)....... ... ... it Positive
Past wages of construction workers (A)....... ... ... i Negative
Index of manufacturing production (B, D, E)....... ... .. ... ... .. ... ... Positive
Population (C, D, F) ..o Positive
Per capita disposable income (C, D, F)...... ... ... . ... . ... . Positive
Value of total construction (A).......... .. ... i Positive
Freight rates (G). .. ... o e Negative
Lumber supply:
Current price of lumber (J, K). ... .. ... oo Positive
Current price of sawlogs (J). ... i Negative
Current price of sawlog stumpage (J). ... ... i Negative
Current, price of electric power (J). .. ... ..ot e Negative
Current, price of petroleum products (J)......... ... ool Negative
Current wages in sawmills (J)...... .. ... ... . Negative
Trend (J) . ... oo e e Negative
Tariff on lumber (K) ... ... ... e e e Negative
Rate of exchange on the Canadiandollar (K).................................. Negative
Productivity in sawmilling (J)....... ... e Positive
Dummy variable (J). ... ... Positive
Paper demand:
Current price of paper (A, B,C, D, E, F, G)........ ... . ... ... ... ..., Negative
Current price of paperboard (B, E). . ..... ... ... i Positive
Index of manufacturing production (B, D)........ .. ... i i Positive
Population (D, F) . ... Positive
Per capita disposable income (D, F). ... ... ... i Positive
Value of total construction (A). .. ... ..ottt e i e Positive
Freight rates (G). .. ...t e e Negative
Consumer price index (D, F)... ... .. e Positive
Paper supply:
Current price of paper (J, K) . . ..o e Positive
Current, price of pulpwood (J).......ovot it e Negative
Current price of electric power (J) .. ....... ..ttt i e Negative
Current price of petroleum products (J). .. ... Negative
Current wages in pulp and paper (J). ...ttt Negative
Trend (J). ...t e Negative
Rate of exchange on Canadian dollar (K).......... ... .. ... .o iiiviiii... Negative
Productivity in pulp and paper (J)...... ... i Positive
Dummy variable (J). . ... Positive
Paperboard demand:
Current price of paperboard (sectors Ato G)..................... ..o il Negative
Current price of lumber (A, B, C, D, F)....... ... ... ... . . i Positive
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Current price of paper (B)...................... e e Positive
Current price of softwood plywood (A, B, C, D, F)........... ... .. ... . .... Positive
Past price of building board (A)...... ... i e Negative
Past price of softwood lumber (A). ....... ...t . Positive
Past price of softwood plywood (A). . ... Positive
Past price of wallboard (A). . ... ... oo it i e Positive
Past wages of construction workers (A)......... ... ... ... .. i Positive
Index of manufacturing production (B, D).......... ... ... i i, Positive
Value of total construction (A)...... ... ... iiiiiini i Positive
Freight rates (G). ... ..ot e e e Negative
Population (C, D, F). ... e e Positive
Per capita disposable income (C, D, F)....... ... ... i Positive
Paperboard supply:
Current price of paperboard (J). ... ... in i Positive
Current price of pulpwood (J)........co it i Negative
Current price of electric power (J).......... it Negative
Current price of petroleum products (J). ..o Negative
Current wages in pulp and paper (J)......c.viiiiiiiin i Negative
Trend (). ettt it ettt et e e e Negative
Productivity in pulp and paper (J)........ovviiiitiiiii i e Positive
Dummy variable (J). .. ... e Positive
Softwood plywood demand:
Current price of softwood plywood (A, B, C, D, F)........ ... ... Negative
Current price of lumber (A, B, C, D, F).........oo i Positive
Current price of paperboard (A, B, C, D, F)...........c i .. Positive
Past price of softwood plywood (A).......c.cciiiieiii i Negative
Past price of softwood lumber (A). ... ... i Positive
Past price of building board (A). .........c ot Positive
Past price of wallboard (A)........ ... it e Positive
Past wages of construction workers (A).........ouviiiiriineiin e Positive
[ndex of manufacturing production (B, D)............. ... .. ... oo, Positive
Value of total construction (A). .. ... ... ittt Positive
Population (C, D, F). ..o e Positive
Per capita disposable income (C, D, F)............o ... Positive
Softwood plywood supply:
Current price of softwood plywood (J). . ......vouiieiiniii i, Positive
Current price of veneer logs (J)..... ...t Negative
Current, price of electric POWer (J) . ... .. .o vttt iiiiiiiieie e Negative
Current wagesin sawmills (J). ... ... i it i i e Negative
Productivity in sawmills (J).. ... it e e e Positive
Dummy variable (J) .. ... .o i e Positive
Softwood lumber demand:
Current price of softwood Jumber (sectors Ato G)............viviiiiiennn .. Negative
Current price of softwood plywood (sectors Ato G) ..., Positive
Current price of paperboard (A, B, C,E, F).. ... .. .. i, Positive
Past price of softwood lumber (A). ... ... .. i e Negative
Past price of softwood plywood (A). .. ..ottt Positive
Past price of building board (A)..........iiiiiii it e e Positive
Past, price of clay products (A).........covvviiiiiiiiiiiiiia, e Positive
Past price of structural steel (A)....... ... oottt Positive
Past wages of construction workers (A)......... ...t Negative
Index of manufacturing production (B, D, E)........... ... ... i i, Positive
Population (C, D, F) ... e e et e s Positive
Per capita disposable income (C, D, F)........o oot iiiinne. Positive
Value of total construction (A)..........c.iitiiiiriieiin ittt iiineenennnn. Positive

Freight rates (G).....vvttiit it e et Negative
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Softwood lumber supply:

Current price of softwood lumber (J, K)............ ..o i, Positive
Current price of saWlogs (J). ... oottt e Negative
Current price of sawlog stumpage (J). . ... i Negative
Current price of electric power (J). .. ...t e Negative
Current price of petroleum products (J). ......... ... i i, Negative
Current wages in sawmills (J)......... o i Negative
Trend (J). ..o e Negative
Tariff on lumber (K) ... ... e Negative
Rate of exchange on the Canadian dollar (K)...........................co..... Negative
Productivity in sawmilling (J).........oo oo Positive
Dummy variable (J) ... ...t e e Positive
Building paper and board demand:
Current price of building paper and board (A)...................... ... ... ..... Negative
Current price of softwood plywood (A).. ..ot i, Positive
Current price of softwood lumber (A)......... ...ttt Positive
Past price of building board (A)......ccovuuiiiiiiii i Negative
Past price of softwood lumber (A)......... ... i Positive
Past price of softwood plywood (A). ...ttt Positive
Past price of wallboard (A).. . ...ttt e Positive
Past wages of construction workers (A)........ ... ... ... ... i i, Positive
Value of total construction (A)..........couuieininini e, Positive
Building paper and board supply:
Current price of building paper and board (J)................ ... ... ... L. Positive
Current price of pulpwood (J)... ... Negative
Current price of electric power (J). ... Negative
Current price of petroleum products (J). ............ .o i, Negative
Current wages in pulp and paper (J).........ooiiiiiii i Negative
Trend (). oottt e Negative
Productivity in pulp and paper (J). .. ... ..o Positive
Dummy variable (J).........oiiiitit i e Positive
Sawlog demand: Veneer log demand:
Current price of sawlogs (J) Current price of veneer logs (J)
Current price of lumber (J) Current price of plywood (J)
Current price of electric power (J) Current price of electric power (J)
Current price of petroleum products (J) Current wages in sawmills (J)
Current wages in sawmills (J) Veneer log supply:
Sawlog supply: Current price of veneer logs (I)
Current price of sawlogs (I) Current price of petroleum products (I)
Current price of sawlog stumpage (I) Current wages in sawmills (I)
Current price of petroleum products (I) Trend (I)
Current wages in sawmills (I) Stumpage demand:
Trend (I) Current price of stumpage (I, J)
Pulpwood demand: Current price of lumber (J)
Current price of pulpwood (J) Current price of paper (J)
Current price of paper (J) Current price of paperboard (J)
Current price of paperboard (J) Current price of plywood (J)
Current price of electric power (J) Current price of sawlogs (I, J)
Current wages in pulp and paper (J) Current price of pulpwood (I, J)
Pulpwood supply: Current price of veneer logs (I, J)
Current price of pulpwood (I) Current price of electric power (J)
Current price of petroleum products (I) Current price of petroleum products (I, J)
Current wages in sawmills (T) Current wages in sawmilling (I, J)
Trend (I) Current wages in pulp and paper (J)

Stumpage supply:
Current price of stumpage (H)
Trend (H)
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III. STRUCTURAL ESTIMATION
The Statistical Model

The set of twenty relationships con-
sidered in the economic model may be
represented as

BY, =CX,+ U, (1)
where

Y, isa (20 X 1) matrix of endogenous
variables representing the prices
and consumption levels in year ¢ of
the forest products considered,
isa (20 X 20) matrix of coefficients
associated with Y,

X, is a (24 X 1) matrix representing

B

o [ Y. ]
Bis - Bip - Bic ||
.............. Y&
B2AEBzBEBZC

Yo

where
Yacisa (12 X 1) matrix representing
prices and levels of consumption
of wood products in year ¢,
Ys:is a (4 X 1) matrix representing
prices of primary products in
year ¢,

(Bia ' Bip t Bic) (Yar: Ypi it Yeo)) = CiX: + Uy,

and

(Bea : Bog i Bag) (Yar: Yot Yoo = CoXt + Uy

Since, a priort, levels of marketings of
primary products do not appear in
demand and supply functions for wood
products, Bic is null and the wood-
products subsystem may be written
BiaYar = C1X, — BigYp: + Uy (5)

In the case of the primary products
subsystem the matrix B, is null, a
priori, and (4) may be written

B2CYCt = C2Xt - B2BYBt + U2t (6)

the values in year ¢t of predeter-
mined variables,
C isa (20 X 24) matrix of coefficients
associated with X, and
U, isa (20 X 1) matrix of disturbances
in year t.
The gth equation in the system may be
written as

Z byyie = Zk: CokThr + Ugs
with certain of the coefficients deemed
a priort to be zero.

System (1) above may be partitioned
in the following manner

Ui,
)
Us:

Yceis a (4 X 1) matrix representing
levels of marketings of primary
products in year ¢.

The wood products subsystem and the
primary products subsystem may be
written respectively as

C))
(4)

The magnitude of Y¢, was unknown
for all £. This made it impossible to esti-
mate (6) and estimation was carried out
only for the wood products subsystem.

Each equation in the wood products
subsystem represented by (5) above had,
a priort, two or more of the components
of the matrix (By4: Big) non-zero. Direct
least squares estimation was therefore
ruled out as a possible technique, as it
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would have resulted in biased and incon-
sistent estimates (Hood and Koopmans,
1953). As Chernoff and Rubin note
(Hood and Koopmans, 1953), consistent,
efficient estimates of the coefficient
matrices (Bis:Big) and C; may be
obtained by full information maximum
likelihood estimation. This method was
rejected because of the large computa-
tional burden associated with it. Con-
sistent estimates could have been ob-
tained by the “limited information”
maximum likelihood method, but that
method was rejected in favor of the
computationally easier method of two-
stage least squares described by Theil
(1958) and Basmann (1957) which has
the same asymptotic properties as the
limited information method (Goldberger,
1964). With regard to the small sample
properties of estimating techniques,
little theoretical evidence is available,
but the Monte Carlo studies of Basmann
(1958), Nagar (1960) and Summers
(Johnson, 1963) throw some light on the
matter. In summarizing results of these
studies, Johnson (1963) suggests dis-
carding full information maximum like-
lihood estimation as a practical tool, and
indicates that two-stage estimation was
found to be generally superior to the
limited information approach.
Algebraic manipulation of (1) above
yields the set of reduced-form equations
Yt = DX t + Vt (7)
where D = B-C and V, = B7U,
This system, also, may be partitioned
and written as

Ya. D4 Va
Yee | =| D | X+ | Vs (8)
Yeu D¢ Ve

A R L
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In the first stage of the two-stage esti-
mation procedure D, and Dp were
estimated by direct least squares to yield
the estimated reduced-form equations

Y D
ol R B
Vs, Ds
where YAt = (Gu, G2ty - - + , G120)" repre-

sents computed values in year ¢ of prices
and levels of consumption of the wood
products considered, and where ¥z, =
(913¢, Y14ty Y15, Y160)” Tepresents computed
values in year ¢ of prices of the primary
products considered.

In the second stage of the two-stage
procedure each equation in system (5)
above is normalized with respect to a
particular element of Y4, and direct
least squares estimation are carried out
for a model of the type

Jie = ao + Eajf/jz
J
J#Ei

(10)
+ Zk: CiTre 1+ €4

with certain coefficients as indicated in
part IT deemed, a priors, to be zero. The
estimated wood products subsystem
may be written

BiuYai= X, — BisYa + Ou (11)

Estimates of coefficients are presented
in a later section. As Theil (1958) points
out, these estimates are consistent pro-
vided consistent estimates of ¥4, and
¥ 5. are obtainable from (9) above. This
requires, with reference to system (1)
above, that

(i) E(Ut) =0
(i) EQUU ) = Dofort =t
=Ofort #t

(i) E(X.U') = O.
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Computational Procedure

Computations were carried out on an
IBM 1620 computer using the 80 series
regression system, which employs the
inversion of a matrix of simple correla-
tion coeflicients between the indepen-
dent variables in the regression model
(Boles, 1964). The stepwise regression
option was utilized as a means of invert-
ing near singular matrices. This option,
described by Boles (1961), entails the
selection of “pivot’”’ elements from the
diagonal of the matrix being inverted for
the formation of pre-multiplier matrices.
The initial pivot element chosen corre-
sponds to the selection of the indepen-
dent variable with the highest simple
correlation with the dependent variable.
Thereafter, a pivot element is selected
after each transformation so as to
“bring in”’ the independent variable that
will cause the greatest reduction in the
unexplained variance of the dependent
one. This may be shown to be equivalent
to bringing in the variable having the
largest absolute partial correlation with
the dependent variable (i.e., net of vari-
ables already included). No pivot ele-
ment smaller than 0.001 is selected, and
this is equivalent to excluding an inde-
pendent variable if it has a squared
multiple correlation coefficient of 0.999
or greater with the included set of
regressor - variables. In using the step-
wise routine a critical value of the F
statistic can be selected, so that no re-
gressor variable is added to the included
set unless the actual F value associated
with it exceeds the critical one. Any
included variable must maintain an ac-
tual F value greater than the critical one
or be automatically deleted. This option
was not used in this study; the stepwise
routine was utilized simply as a means
of selecting a set of linearly independent
regressor variables.

Effect of Stepwise Procedure

The stepwise routine was used in esti-
mating reduced form equations in the
first stage of estimation, and also in the
final estimation of structural equations.
In the first stage in particular it led to
the elimination of a number of independ-
ent variables, and its effect is seen to be
analogous to the deliberate omission of
variables for computational convenience
or necessity in maximum likelihood esti-
mation. Mention of this problem is made
by Chernoff and Rubin (Hood and
Koopmans, 1953). Consistency is not
lost through omission of variables in
maximum likelihood estimation, but re-
duction in efficiency takes place and the
problem is one of selecting a subset of
the predetermined variables so as to
minimize this reduction. Chernoff and
Rubin suggest that it is desirable to use
those independent variables that . . .
help explain most of the variance . . .”
of the endogenous variables in the
system of reduced form equations. Be-
cause variables excluded by the stepwise
process are virtually linearly dependent
on the included set, further reduction in
the unexplained variance in the reduced
form equations was not possible. Arrow
and Hoffenberg (1959) encountered a
similar problem in a study of inter-
industry demands. A high degree of
multicollinearity existed in the set of
nineteen predetermined variables in-
cluded in their model, and of these only
twelve were for practical purposes lin-
early independent. They comment incis-
ively on the obstacles raised by the lack
of independent variation in time-series
data.

Reformulating Relationships

With regard to structural estimation,
initial computations resulted in the ex-
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clusion of some variables and did not
always yield estimates of coefficients
that made sense from an economic point
of view. To minimize subjective judg-
ment and ensure consistency in treat-
ment of different equations, a syste-
matic procedure was established for
avoiding implausible results and reduc-
ing multicollinearity.

First, sample correlation coeflicients
between all pairs of variables in the
system were obtained. Where two vari-
ables in an equation had a correlation
of more than 0.98 the less important one
(from an economic point of view) was
deleted, provided it was not of consider-
able absolute importance. For example,
because a high correlation existed be-
tween value of total construction and
population one or the other was excluded
from demand equations estimated. A
similar procedure was employed in the
case of value of construction and per
capita income.

After this step, the equation was esti-
mated and the coefficients examined. If
a coefficient was ‘“‘wrong’’ in sign but not
significantly different from zero at the
90 per cent level nothing was done; if it
was wrong and ‘‘significant’’ the speci-
fication of the relationship was carefully
examined to see whether any important
variable had been omitted or whether a
variable had been wrongly included in
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the equation. Because a major aim of
the study was the estimation of demand
and supply elasticities, the current price
of the product whose demand or supply
was being estimated was not permitted
to drop from the regression because of
collinearity. If the stepwise process did
result in its exclusion correlation coeffic-
ients were examined, and if a variable
was highly correlated with the price of
the product that variable was dropped
from the function in question. Sound
statistical practice requires the discard-
ing of data used to assist in model
building and the drawing of a fresh
sample for final estimation. Because this
was not possible dependence was placed
on the economic significance of coeffic-
ients, wherever feasible, rather than on
their statistical significance in modifying
relationships.

Dependent Variables

Estimation was always carried out
with quantity supplied (or demanded)
as the dependent variable. From a sta-
tistical viewpoint product price would
have been acceptable as a dependent
variable, but quantity was preferred be-
cause it emphasized consumers’ and sup-
pliers’ reactions to price and because it
was the formulation directly obtained
from the aggregation of various sector
relationships in the economic model.

Estimates of Structural Coefficients

" The twelve estimated equations are
given in tables 1 to 12. The standard
error is shown for each coefficient, along
with the ratio of the coefficient to its
standard error—a statistic with a ““‘Stu-
dent’s ¢” distribution under the hypo-
thesis that the true value of the coeffic-
ient is zero. If the absolute value of a
coefficient’s ¢ ratio is greater than the
eritical value the hypothesis that the
true value of the coefficient is zero is

rejected at the 90 per cent level. In addi-
tion, values of the squared multiple cor-
relation coefficient are shown for each
equation. An explanation of notation
depicting variables is given in Appendix
D. A circumflex attached to a variable
denotes that reduced form estimates of
it were used in place of actual values, as
required by the estimation procedure. In
all cases the dependent variable was
quantity demanded or quantity supplied.
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TaBLE 1
ESTIMATED LUMBER DEMAND EQUATION*

Variable Coefficient Standard error t ratio}
Wages in construction (X17) .....o.oooiiiiiiii i, —18.34936 7.56134 —2.42673
Index of manufacturing production (X22). 0.34359 0.12079 2.84447
Value of construction (X25). 0.00020 0.00031 2.54001
Freight rates (X26).................. —8.58895 16.22840 —0.52925
Ratio past prices plywood/lumber (X75).. ... 13.20979 13.77278 0.95912
Ratio past prices building board/lumber (X76). . —7.73156 4.19704 —1.84214
Ratio past prices steel/lumber (X79)......... . 8.48513 9.73917 0.87123
Current price of lumber (P1)t...... —1.02204 0.43284 —2.36123
Current price of paperboard (P3)t.. . 0.36413 0.19565 1.86113
Current price of plywood (B4)t. ...............coviiiiinin... 0.56038 0.26110 2.14618

* Constant term = 8.02333, squared multiple correlation coefficient = 0.95219, critical ¢ value = 1.74600. Critical ¢
values are such that if the absolute value of a coefficient’s ¢ ratio is greater than the critical value, the hypothesis that the
true value of the coefficient is zero is rejected at the 90 per cent level.

t Reduced form estimates of this variable were used rather than actual values, as required by estimation procedures.

1 Ratio of coefficient to its standard error.

TABLE 2
ESTIMATED LUMBER SUPPLY EQUATION*

Variable Coefficient Standard error t ratio}
Trend (X27) . ..ottt —1.52356 0.51028 —2.98570
Wages in sawmills (X28).................ooiiiiiiiiiii 14.17517 11.42625 1.24057
Price of electric power (X29)..............coiiiiiiiiiiiiin —0.47729 0.10274 —4.64560
Tariff on lumber (X30)..........c.oooiiiiiiiiiiiiiiiiii e —1.03112 0.51871 —1.98785
Rate of exchange (X31).........c.oiiiiiiiiiiiiiniiiiiiiinaann —28.20633 11.15856 —2.52777
Price of petroleum produets (X33).............ooovviiiiiiin... 0.04378 0.08344 0.52473
Productivity in sawmilling (X73)...............c..cooiiii 0.45127 0.17269 2.61310
Dummy variable (X86).................oooiiiiiiiiii 19.84070 5.60693 —3.53860
Current price of lumber [0:2) 3 SO 0.22428 0.11369 1.97264

* Constant term = 93.99845, squared multiple correlation coefficient = 0.96241, critical ¢ value = 1.740. Critical ¢ val-
ues are such that if the absolute value of a coefficient’s ¢ ratio is greater than the critical value, the hypothesis that the true
value of the coefficient is zero is rejected at the 90 per cent level.

t Reduced form estimates of this variable were used rather than actual values, as required by estimation procedures.

1 Ratio of coefficient to its standard error.

TaABLE 3
ESTIMATED PAPER DEMAND EQUATION*

Variable Coefficient Standard error t ratio}
Index of manufacturing production (X22)............ . 31.08707 25.35720 1.22596
Population (X23)..................... 16.96079 51.15744 0.33154
Per capita income (X24) .. 13580.00000 6180.42200 2.19734
Freight rates (X26)............ovoiviiiiiii i —1107.67730 2147.15160 —0.51588
Consumer price index (X34) . —119.23085 85.49485 —1.39459
Current price of paper (P2)t. . .......ccocviiiiiiiiiiiiiin.. —65.39546 50.44164 —1.20645
Price of paperboard (B3)F......euueeriereirirennenenennanens. 34.69029 18.00515 1.92668

* Constant term = 8760.19400, squared multiple correlation coefficient = 0.99566, critical ¢t value = 1.729. Critical ¢ val-
ues are such that if the absolute value of a coefficient’s ¢ ratio is greater than the critical value, the hypothesis that the true
value of the coefficient is zero is rejected at the 90 per cent level.

t Reduced form estimates of this variable were used rather than actual values, as required by estimation procedures.

1 Ratio of coefficient to its standard error.
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TaBLE 4
ESTIMATED PAPER SUPPLY EQUATION*

Variable Coefficient Standard error t errort
Trend (X27).. ..ot —58.79321 175.57759 —0.33485
Price of electric power (X29)..........cc.iviiniiiiiiiiiains —57.60196 21.68389 —2.65644
Rate of exchange (X31)..........ocoiiiiiiiniiiiiiiiniannn 377.48437 2447.15710 0.15425
Wages in pulp and paper (X382)..............ooiiiiiiiiiiinan.n. 1838.04710 2794.14780 0.65782
Price of petroleum products (X83)............................... 29.69517 17.76720 1.67134
Productivity in pulp and paper (X74)........................... 90.25070 26.18683 3.44641
Dummy variable (X86)................coiiiiiiii i 829.74664 1316.11250 0.63045
Current price of paper (P2)t. . ....ouveeeeeae e, —16.19356 55.37509 —0.29243
Price of pulpwood (P8)t........covieiiieeiei i, 130.36189 22462867 0.58034

* Constant term = 5731.85680, squared multiple correlation coefficient = 0.99615, critical ¢ value = 1.740. Critical ¢
values are such that if the absolute value of a coefficient’s ¢ ratio is greater than the critical value, the hypothesis that the
true value of the coefficient is zero is rejected at the 90 per cent level.

t Reduced form estimates of this variable were used rather than actual values, as required by estimation procedures.

1 Ratio of coefficient to its standard error.

TABLE §
ESTIMATED PAPERBOARD DEMAND EQUATION*

Variable Coefficient Standard error t ratio}
Wages in construction (X17)..........cooiiiiiiiiiiiiiiinnn... 2549.49520 1509.67340 1.68877
Index of manufacturing production (X22). . 63.00975 16.96271 3.71460
Value of construction (X25)............ .. —0.00275 0.04729 —0.05820
Freight rates (X26)....... e —3240.69970 2466.9800 —1.31362
Ratio past prices plywood/building board (X81). —2700.05110 1629.60050 —1.65687
Ratio past prices wallboard/building board (X82) .. 5974.64560 2994.752€0 1.99503
Current price of lumber (PDt................. .. 52.12030 62.52134 0.83364
Current price of paperboard (£3)t. . —39.20137 22.16709 —1.76844
Current price of plywood (P4)t............cooviiriiieniiinin.n. 10.41534 54.85602 0.18986
* Constant term = —2209.96520, squared multiple correlation coefficient = 99715, critical ¢ value = 1.740. Critical ¢

values are such that if the absolute value of a coefficient's ¢ ratio is greater than the critical value, the hypothesis that the
true value of the coefficient is zero is rejected at the 90 per cent level.
t Reduced form estimates of this variable were used rather than actual values, as required by estimation procedures.
1 Ratio of coefficient to its standard error.

TABLE 6
ESTIMATED PAPER SUPPLY EQUATION*

Variable Coefficient Standard error t ratiot
Trend (X27)...oe ettt e —42.99231 119.71883 —.35911
Price of electric power (X29)... —11.77524 18.62882 —.63209
Wages in pulp and paper (X32).. 1092.41280 2053 .04820 0.53209
Price of petroleum products (X33)... 10.60318 14.79718 0.71656
Productivity in pulp and paper (X74) .. 102.95717 18.30349 5.62500
Dummy variable (X86)............. .. 1536.32030 877.05658 1.75167
Current price of paperboard (B3)1. .. 46.78610 18.56659 2.51990
Price of pulpwood (ﬁ?)f ........................................ —138.17112 125.95382 —1.09699

* Constant term = —4525.97170, squared multiple correlation coefficient = 0.99684, critical ¢ value = 1.734. Critical ¢
values are such that if the absolute value of a coefficient’s ¢ ratio is greater than the critical value, the hypothesis that the
true value of the coefficient is zero is rejected at the 90 per cent level.

t Reduced form estimates of this variable were used rather than actual values, as required by estimation procedures.

1 Ratio of coefficient to its standard error.
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TABLE 7
ESTIMATED SOFTWOOD PLYWOOD DEMAND EQUATION*

Variable Coefficient Standard error t ratio}
Wages in construction (X17)..........ooiiiiiiiiiiii e 1744.67520 507.42033 3.43832
Index of manufacturing production (X22)....................... 11.56828 5.96462 1.93948
Value of construction (X25). . ..., 0.04833 0.02373 2.03650
Ratio past prices plywood/lumber (X75) 4.90036 424.91022 0.01153
Ratio past prices plywood/building board (X81) .| —1426.00510 630.86189 —2.26040
Ratio past prices wallboard/plywood (X85)................ .. 89488602 301.57525 2.96737
Current price of plywood (022 —6.20699 6.62057 —0.93753

* Constant term = —3506.64940, squared multiple correlation coefficient = 0.99523, critical ¢ value = 1.729, Critical ¢
values are such that if the absolute value of a coefficient’s ¢ ratio is greater than the critical value, the hypothesis that the
true value of the coefficient is zero is rejected at the 90 per cent level.

t Reduced form estimates of this variable were used rather than actual values, as required by estimation procedures.

1 Ratio of coefficient to its standard error.

TABLE 8
ESTIMATED SOFTWOOD PLYWOOD SUPPLY EQUATION*

Variable Coefficient Standard error t ratio}
Wages in sawmills (X28)..................oiiiiiii 10918.00000 1607.77600 6.79127
Price of electric power (X29)...............cooiiiiiiiiiniiiiinn 9.97515 7.87362 1.26690
Productivity in sawmilling (X73)..................cooooiiin.. 10.59240 18.€0938 0.56919
Dummy variable (X86)........... ~—5935.89040 1581.93390 —3.75229
Current price of plywood (P4)t 36.63398 25.32632 1.44647
Price of veneer logs (P t.........coovviiiii i —87.39046 29.30543 —2.98205

* Constant term = —4518.16360, squared multiple correlation coefficient = 0.98943, critical ¢ value = 1.725. Critical t
values are such that if the absolute value of a coefficient’s ¢ ratio is greater than the critical value, the hypothesis that the
true value of the coefficient is zero is rejected at the 90 per cent level.

t Reduced form estimates of this variable were used rather than actual values, as required by estimation procedures.

1 Ratio of coefficient to its standard error.

TABLE 9
ESTIMATED SOFTWOOD LUMBER DEMAND EQUATION*
Variable Coefficient Standard error t ratiof
Wages in construction (X17)...........ocoiiiiiiiiiiiiiinn it —16.82301 5.03123 —3.34371
Index of manufacturing production (X22)....................... 0.23413 0.08315 2.81558
Value of construction (X25). ..........coovviiiiiiiiiiiiiiinn... 0.00045 0.00017 2.58247
Freight rates (X26)........oonenirnini i —4.93940 9.62471 —0.51319
Ratio of past prices plywood/lumber (X75)...................... 13.45302 6.87298 1.95737
Ratio of past prices building board/lumber (X76)............... —7.02302 2.50947 —2.79860
Ratio of past prices clay products/lumber (X78)................. —10.97084 11.66182 —0.94074
Ratio of past prices steel/lumber (X79)...................... ... 16.19885 7.86520 2.05955
Current price of paperboard (02} UTUTT 0.38581 0.17154 2.24900
Current price of plywood (P 7t. ... ..oovveeineeiinineainnann.. 0.24371 0.21166 1.15143
Current price of softwood lumber (B3)f. ........ccovvvevviiinnn. —0.91550 0.49767 —1.83957

* Constant term = 7.05158, squared multiple correlation coefficient = 0.97322, critical ¢ value = 1.753. Critical ¢ values
are such that if the absolute value of a coefficient’s ¢ ratio is greater than the critical value, the hypothesis that the true
value of the coefficient is zero is rejected at the 90 per cent level.

t Reduced form estimates of this variable were used rather than actual values, as required by estimation procedures.

1 Ratio of coefficient to its standard error.
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TaABLE 10
ESTIMATED SOFTWOOD LUMBER SUPPLY EQUATION*
Variable Coefficient Standard error t ratio}
Trend (X27). .. ..o e —0.12076 0.43935 —0.27487
Wages in sawmills (X28).............cooiiiiiiiiiiiiiiiiin., —2.13711 8.13811 —0.26260
Price of electric power (X29)...............ooiiiiiiiiiiiiiiin..., —0.13316 0.11581 —1.14981
Tariff on lumber (X30)............ooiiiiiiiii i —1.00888 0.32433 —3.11060
Rate of exchange (X31)............cooiiiiiiiiiiiin i —15.80228 6.96644 —2.26834
Price of petroleum products (X33).................ccviiiniinn... —0.03126 0.05271 —0.59316
Productivity in sawmilling (X73)...............cociiiiiiin..., 0.27276 0.10442 2.61217
Dummy variable (X86)........ovuiiiiiiniiininiiianennn, —18.57495 7.69304 —2.41451
Current price of softwood llAunber [0} ST 0.47293 0.28455 1.66203
Price of sawlog stumpage (P10)f...........c.oovviiniiiiinnnnn. —0.10151 0.26327 —0.38558

* Constant term = 31.21464, squared multiple correlation coefficient = 0.97625, critical ¢ value = 1.734. Critical ¢ val-
ues are such that if the absolute Value of a coefficient’s ¢ ratio is greater than the critical value, the hypothesis that the true
value of the coefficient is zero is rejected at the 90 per cent level.

t Reduced form estimates of this variable were used rather than actual values, as required by estimation procedures.

1 Ratio of coefficient to its standard error.

TasLE 11
ESTIMATED BUILDING PAPER AND BOARD DEMAND EQUATION*

Variable Coefficient Standard error t ratio}
Wages in constructions (X17).........covviiiiiniiiiniiennenann, —95.70901 438.21667 —0.21840
Value of total construction (X25).............c.ocviiiiiienn.. 0.03746 0.01831 2.04524
Ratio past prices building board/lumber (X76).................. —153.84541 167.01581 —0.92114
Ratio past prices plywood/building board (X81)................. —440.07376 507.10720 —0.86781
Ratio past prices wallboard/building board (X82)............... —676.86656 777.95992 —0.87005
Current price of plywood (Bd)t..........ccovvviniiiniiiniiini . —12.49354 10.44044 —1.19664
Current price of softwood lumber (P3)f...............cvvuvn... 39.14179 15.40801 2.54035
Current price of building paper and board (P6)t................ —22.59753 16.41908 —1.37629

* Constant term = 3171.50300, squared multiple correlation coefficient = 0.98795, critical ¢t value = 1.734.Critical ¢ val-
ues are such that if the absolute value of a coefficient’s ¢ ratio is greater than the critical value, the hypothesis that the true
value of the coefficient is zero is rejected at the 90 per cent level.

duced form estimates of this variable were used rather than actual values, as required by estimation procedures.
1 Ratio of coefficient to its standard error.

TaBLE 12
ESTIMATED BUILDING PAPER AND BOARD SUPPLY EQUATION*
Variable Coefficient Standard error t ratiot
Trend (X27) . . ...ttt et 39.52423 51.54778 0.76674
Price of electric power (X29).........oviiiiiiin it —6.65425 7.74517 —0.85914
Wages in pulpand paper (X32)..........ccooiiiiiiiiiiiinnnnnnnn —1828.41590 1264.11200 —1.44640
Price of petroleum produets (X33)..........covviviniiineninannt 3.53594 6.71107 0.52688
Productivity in pulp and paper (X74)...........cccovvvininnan. 23.92619 7.37100 3.24598
Dummy variable (X86).............ooviiiiiiiiiiinnn, e 1057.62530 442.40385 2.39063
Price of pulpwood (B8)t........cuvveererinirineirinieianininnns 64.29999 48.80023 1.31761
Current price of building paper and board (P6)t................ 16.54850 18.60464 0.88948

* Constant term = —1919.69540, squared multiple correlation coefficient = 0.98975, critical ¢ value = 1.734, Critical ¢
values are such that if the absolute value of a coefficient’s ¢ ratio is greater than the critical value, the hypothesis that the
true value of the coefficient is zero is rejected at the 90 per cent level.

educed form estimates of this variable were used rather than actual values, as required by estimation procedures.
1 Ratio of coefficient to its standard error.
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Estimates of Demand and Supply Elasticities

Table 13 shows interval and point
estimates of demand and supply elas-
ticities. Elasticity of demand, as used
here, refers to the change in the quantity
of a good demanded in response to a one
unit increase ceterts paribus in its price.
Elasticity of supply refers to the change
in the quantity supplied in response to
a similar increase in price. Point esti-
mates that are significantly different
from zero at the 0.90 probability level
are marked by an asterisk.

It will be noted that both the supply
and demand for paper is indicated to be
“inelastic’’—that is, absolute value of
the elasticity is estimated to be less than
1. The same is true for paperboard and
softwood plywood. For all lumber, soft-

wood lumber and building paper and
board, no indication of whether supply
and demand are inelastic or elastic is
given. With regard to the demand for
lumber, the view appears to be prevalent
that it is inelastic, although this is not
documented nor supported by evidence.

Because the construction industry
uses over 70 per cent of all lumber con-
sumed in the U. S. (Appendix A), and
because lumber costs are a minor por-
tion of total expenditures for construc-
tion, the idea that the quantity of lum-
ber demanded is little affected by price
is appealing. Although the point esti-
mates of elasticity of demand are high,
the hypothesis of an inelastic schedule
is not rejected.

TaBLE 13
INTERVAL AND POINT ESTIMATES OF SUPPLY AND DEMAND ELASTICITIES
Product || S
All lumber:
—6.0 —0.9 —3.5¢
0.1 1.4 0.8t
—6.3 —0.2 3.2t
0.0 3.4 1.7
—-1.0 0.0 —0.4
0.0 0.5 -0.1
—0.6 0.0 —0.3t
0.1 0.6 0.4t
-2.3 0.0 —-1.0
0.0 2.2 0.7
—0.2 0.0 -0.1
0.0 0.8 0.4

* Where the computed upper bound for a demand elasticity was positive the interval has been truncated at zeroona
priori grounds. Where the lower bound for a supply elasticity was found to be negative, the interval has been similarly

truncated.

1 Significantly different from zero at the 0.90 probability level.
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Characteristics of Data

A complete listing of all variables used
in the analysis is given in Appendix D,
and descriptions and sources of basic
data are given in Appendix E.

Price Deflation

Price data were not deflated. In a
simple relationship, such as a demand
relationship with income as the only
shifter, deflation is necessary to obtain
an estimate of demand elasticity that
reflects the holding constant of the prices
of other goods. However, the relation-
ships dealt with in this study included
prices of competitive goods, and thus
materials and deflation appeared to be
unnecessary. It was decided that actual
prices should be forecast rather than
deflated ones, and that computational
costs should be restrained by using the
same type of price data in both the
structural estimation and the prediction
part of the study.

Per Capita Data

No attempt was made to use per
capita consumption data because of the
difficulty of finding a basis in economic
theory for this formulation, especially in
the case of supply relationships. Al-
though any linear relationship with pop-
ulation as an explanatory variable could
be transformed into a per capita one by
division by population, the resulting
model may be criticized on the grounds
that structural change may occur. For
instance, if the correct model is:

¢4 = ap + aap; + an, + e,

where ¢%, p;, n, and e, are respectively
the quantity of a good demanded, its
price, population, and a disturbance
term in period ¢, then the transformed
model

(g/n): = Bo + Bip: + u.

will be susceptible to structural change
in Bo and B, as the level of population
changes, because Bo = o + ao/n. and
61 = al/ Ny

Past Prices

The influence of past prices was de-
picted in demand relationships by ratios
of past prices of the materials demanded
to past prices of competing materials.
Preliminary studies, not using ratios,
revealed a high degree of collinearity
among past prices, with many being ex-
cluded from the regression or appearing
nonsignificant.

Restrictions of Data

Lastly, it should be repeated that data
used to represent prices of certain prod-
ucts in some instances did not cover
prices of all product categories. Products
that had to be treated in this way were
softwood sawlogs, softwood plywocd and
peeler logs. In the case of sawlogs and
peeler logs, prices for only Douglas fir in
western Washington and western Oregon
were available. In the case of softwood
plywood, prices for Douglas fir interior
grades were the only ones obtainable for
the major part of the sample period.
Nearly all softwood plywood manu-
factured in the U. 8. is Douglas fir, and
nearly all of it is produced in the Pacific
Northwest (Guthrie and Armstrong,
1961) so that the use of Douglas fir data
to represent all species and the use of
Pacific Northwest data to represent all
regions is not a serious defect. With re-
gard to use of the price index for interior
grade Douglas fir plywood in place of an
“all” softwood plywood index it should
be noted that for the years for which
both indexes are available they show a
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very close correlation (r?2 = 0.99). Data
on plywood prices were not available
prior to 1936, and so were estimated
using a reduced-form equation employed
in an earlier study by the investigator
using a 1936-1960 sample period. These

data were not used directly in structural
estimation, because prices were treated
as regressor variables in all relationships
and were represented by computed val-
ues as required by the two-stage estima-
tion procedure.

Discussion of Estimated Relationships

To help compare influences of different
variables, estimates of elasticities for the
year 1960 are presented. The term elas-
ticity as used here refers to the effect of
a one-unit celeris partbus increase in any
regressor variable in a demand or supply
equation on the quantity demanded or
supplied, whether that variable be the
price of the product under consideration
or some other variable in the function.
For instance in an estimated demand
function of the type @, = ao + a,P: +
a: X, an estimate of elasticity at time ¢
with respect to P would be a;P./Q.and
with respect to X, a:X,/Q. Although
elasticities of demand are frequently
given in terms of their absolute magni-
tudes, this has not been done in the
present report. The estimated elastici-
ties could have been calculated using
values of variables for any year, or using
average values over the sample period,
but 1960 data were used to give particu-
lar emphasis to variables of current
importance. Other estimates of relative
importance could have been used, for
instance the so called Beta coefficients
which (in the case of the above demand
function) would be 85 = a,Sp/Sq, and
B = MSX//SQ where Sp, SQ and Sx are,
respectively, the sample standard devi-
ations of P, @ and X. Like elasticities
they are useful because they remove the
effect on regression coefficients of scale
of measurement of the variables. Gold-
berger (1964) suggests that they repre-
sent the “typical effect’”’ on the depend-
ent variable during the sample period of

typical changes in the independent vari-
ables. Elasticities on the other hand may
be more simply interpreted as, for ex-
ample, the percentage change induced in
a dependent variable by a 1 per cent
change in an independent one. This
simplicity of interpretation, together
with their ability to measure the current
importance of associated variables, led
to their being preferred over Beta coef-
ficients. However, these elasticities refer
to a single equation and ignore the fact
that any change in the magnitude of a
variable will generate change in other
parts of the system which will induce
secondary effects in the relationship
under consideration. The estimated total
effects of changes in exogenous variables
on certain of the endogenous variables
in the system are indicated by the esti-
mated coefficients of the reduced form
equations presented in the next chapter.
Lastly it should be mentioned that only
point estimates of elasticities are shown,
and that they are not necessarily signifi-
cantly different from zero or from each
other.

Lumber Demand

The function estimated was as pre-
sented in part II, with the following
exceptions. Population (X23) and per
capita income (X24) were omitted be-
cause of collinearity with value of con-
struction (X25) which was felt to be a
highly important variable in this partic-
ular function. The variable X78 denoting
the influence of past price of structural
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clay products was excluded in the step-
wise regression process.

All coefficients were of the ‘“correct”
sign, except for that of X76 (relative past
price of building board), which was not
only wrong but significantly different
from zero at the same time. The only
evident explanation (or perhaps ration-
alization) of this was that perhaps
building board may play a complemen-
tary role rather than a competitive role
in the demand for lumber. Some a prior:
support for this view is seen in the fact
that the low structural strength of
building board creates an auxiliary role
for lumber as framing. Omission of X76
from the regression resulted only in a
wrong sign for one of the other coeffic-
ients.

Estimates of elasticities of demand for
lumber with respect to each variable in
the estimated equation, in order of ab-
solute magnitude, were:

P1 (current price of lumber).. ... —3.475
X17 (wages in construction). . .... —1.817
X25 (value of construction)....... 1.683
X22 (index of manufacturing
production)............... 1.560
P3 (current price of paperboard).  1.398
P4 (current price of plywood).... 1.297

X79 (ratio past prices steel/lumber) 0.441
X75 (ratio past prices

plywood/lumber).......... 0.410
X76 (ratio past prices building

board/lumber)............ —0.356
X26 (freight rates)............... —0.344

It will be observed that both value of
construction and wages of construction
workers are indicated to be major shift-
ers in the demand for lumber. Building
board price on the other hand is indi-
cated to play a minor role.

Lumber Supply

The computed price of sawlogs (P7)
and the computed price of sawlog stump-
age (P10) were highly correlated with
the computed price of lumber (P1), with
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the result that the inclusion of either of
them in a regression led to the exclusion
of P1 through the stepwise process be-
cause of near linear dependence. As it
seemed more important to have infor-
mation on the effect of lumber price, P7
and P10 were omitted from the final
regression. Both these variables may be
strongly influenced by the state of the
lumber market. The supply of both saw-
logs and stumpage may be considerably
more stable than the demand for them,
with the result that shifts in demand
associated with fluctuations in the level
of lumber production during the sample
period may have had an overriding
influence on their price and consumption
levels. It should be pointed out that
when a variable is omitted because of
high correlation with an included vari-
able, the coefficient associated with the
included variable depicts the joint effect
of simultaneous movement in the two
variables.

Estimates of elasticities, again in order
of absolute magnitude, were:

X27 (trend)..........o.. ..l —1.365
X?29 (price of electric power)...... —1.362
X31 (rate of exchange)........... —0.818
X28 (wages in sawmills).......... 0.808
X73 (productivity in sawmilling).. 0.769
P1 (current price of lumber).. ... 0.763
X86 (dummy variable)........... —0.556
X33 (price of petroleum products). 0.144
X30 (tariff on lumber)........... —0.007

Estimates of coefficients associated with
X28 and X33 were of wrong sign though
not significantly different from zero.
The coefficient associated with X86
suggests that a decrease in the supply
of lumber has occurred in postwar years.
Onereason for the negative sign may have
been omission of P7 and P10, but pre-
liminary regressions in which they were
included were no different in this respect.
Further, in the prewar period the small
lumberman had a low opportunity cost
for his own services and was willing to
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sell at prices scarcely above variable
costs just to stay employed, whereas in
the postwar period the many opportun-
ities for alternative employment allowed
him to move out of the lumber business
if he so desired. Yet another explanation
for the negative sign is the one relating
to decreased log quality in the postwar
period (see page 22).

Paper Demand

Before estimation, value of construc-
tion was omitted from the function
outlined in part IT because of collinear-
ity with population and income. Build-
ing paper consumption was never more
than 9 per cent of total paper consump-
tion during the sample period, so the
omission was not considered a serious
defect.

Estimated elasticities were:

X24 (per capita income).......... 1.209
X34 (consumer price index)....... —0.687
P2 (current price of paper)...... —0.433
X22 (index of manufacturing
production)............... 0.230
P3  (price of paperboard). .. ..... 0.217
X23 (population)................ 0.140
X26 (freight rates)............... —0.072

The coefficient associated with X34 was
of the wrong sign though non-significant.
It will be noted that the demand for
paper is indicated to be inelastic, and
that per capita income appears to have
a somewhat greater influence than does
population.

Paper Supply

The estimated relationship was as pre-
sented in part II. Estimates of elastic-
ities are presented below. Coefficients
were of wrong sign (though non-
significant) for X31, X32, X33, P2 and
Ps.

X74 (productivity in pulp and

PADEL) . . ot
X29 (price of electric power)......

X32 (wages in pulp and paper).... 0.204
X33 (price of petroleum products).  0.159
P8 (price of pulpwood).......... 0.140
P2 (current price of paper)...... —0.107
X27 (trend)..................... —0.086
X86 (dummy variable)........... 0.038
X31 (rate of exchange)........... 0.018

In contrast to supply of lumber, the
sign of the coeflicient associated with
X86 suggests that an increase in the
supply of paper took place in postwar
years, but as the coeflicient is not sig-
nificantly different from zero, little im-
portance should be attached to this.
Only the coefficients for X74 and X29
were significantly different from zero.
This is in part due to a small size of
sample, but it is noteworthy that supply
functions of the paper and paperboard
industries tended to have more non-
significant variables than those of the
lumber and plywood industries. This is
not surprising, however, as the latter
industries are considerably less com-
petitive and lower in concentration rela-
tive to the pulp and paper industry
(Zaremba, 1963). For instance in 1954,
18 per cent of the total output of the
lumber industry was produced by the
twenty largest firms; for the plywood
industry, the figure was 42 per cent, and
for the pulp and paper industry 61 per
cent (U. S. Congress, 1957b). Further-
more price setting and maintenance have
been evident in the pulp and paper
industry (Guthrie, 1950); when pro-
ducers exercise direct control over prices
it is likely that costs of inputs have less
influence over supply than they would
in more competitive industries, and it is
also likely that coefficients associated
with these costs would be near zero.

Paperboard Demand

Value of construction was retained in
the equation for estimation purposes in
preference to population and income.



HILGARDIA ¢ Vol. 38, No.1 « Barch, 1967

The only other differences between the
function originally specified and the one
estimated were that P2, was excluded by
the stepwise process and X76 was omit-
ted before final estimation because a
high correlation between it and P1 was
leading to the exclusion of Pl in pre-
liminary regressions.
Estimates of elasticities were:

X22 (index of manufacturing

production)............... 0.594
X17 (wages in construction). . .... 0.525
Pl (current price of lumber)..... 0.368

P3  (current price of paperboard). —0.313
X82 (ratio past prices

wallboard /building board). .
X26 (freight rates)...............
X81 (ratio past prices

plywood /building board)... —0.108
P4 (current price of plywood)....  0.050
X25 (value of construction)....... —-0.012

Coefficients for X81 and X25 were of
wrong sign, though not significantly
different from zero.

0.311
—0.266

Paperboard Supply

The function estimated was as origin-
ally specified. Estimates of elasticities
were:

X74 (productivity in pulp and

o9 153 o N 0.921
P3 (current price of paperboard).  0.373
P8 (price of pulpwood).......... —0.190
X32 (wages in pulp and paper).... 0.154
X86 (dummy variable)........... 0.089
X27 (trend). ..., —0.080
X33 (price of petroleum products). 0.072
X29 (price of electric power)...... —0.070

Coeflicients for X32 and X33 were of
wrong sign though non-significant. As in
paper supply, use of the dummy variable
X86 indicated an increase in supply in
the postwar years—though in this case
the associated coefficient was signif-
icantly different from zero.

Softwood Plywood Demand

Estimation of the function was carried
out initially without change except for
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omission of population and income.
Results of the intial estimation were dis-
appointing, however, with the omission
of P1 and the obtaining of wrong signifi-
cant coefficients for P3 and P4. Several
modifications of the function were tried,
and one which involved the omission of
P1 and P3 from the original function
was chosen as most satisfactory.
Estimates of elasticities were:

X17 (wages in construction). . . ... 0.771
X25 (value of construction)....... 0.454
X22 (index of manufacturing

production)............... 0.234
X85 (ratio past prices

wallboard /plywood). . ..... 0.148
X81 (ratio past prices

plywood /building board)... —0.121
P4 (current price of plywood).... —0.064
X75 (ratio past prices

plywood/lumber).......... 0.001

The coefficient for X75 was wrong in
sigh though non-significant.

Softwood Plywood Supply

Difficulty was also encountered in the
estimation of the plywood supply func-
tion. The problem was a positive sign for
the coefficient for X28 (the variable de-
picting wages in the plywood industry)
which persisted through numerous modi-
fications of the original function. Omis-
sion of X28 led only to wrong signs for
several other coeflicients and so it was
decided to accept the results of the
initial estimation as the best available.

Estimates of elasticities were:

X28 (wages in sawmills).......... 2.773
P9 (price of veneer logs). ....... —1.076
X86 (dummy variable)........... —0.742
P4 (current price of plywood).... 0.378
X29 (price of electric power)...... 0.127
X73 (productivity in sawmilling).. 0.081

Simpson and Halter (1963) also used
sawmill wages to depict wages in the
plywood industry and it is interesting
that they also obtained an estimated
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coefficient that was positive and signifi-
cantly different from zero. They sug-
gested that sawmill wages were playing
the role of a productivity variable—a
suggestion that is closely tied to the idea
that substitution of equipment for labor
in response to rising wages tends to
increase supply. It is possible that if this
movement could have been depicted by
some variable more suitable than pro-
productivity in sawmilling, the implaus-
ible estimate of the wage coefficient
would not have been observed.

The sign of the coefficient of the
dummy variable X86 suggested that a
ceterts partbus decrease in supply took
place in the postwar period. It was in-
tended that this variable should repre-
sent the increase in technology that
occurred after the war in the plywood
industry. What it may have done is to
have expressed the decreasing quality of
peeler logs that the industry has had to
contend with in the postwar period.
Empirical evidence is not available to
support this view, but economic theory
suggests that the effect of a decrease in
in quality of an input for a constant
price of that input will result in a de-
crease in supply.

Softwood Lumber Demand

Only population and income were
omitted from the original function.
Estimates of elasticities were:

P5 (current price of softwood

lumber).................. —3.212
X17 (wages in construction). . .... —2.507
P3  (current price of paperboard).  2.223
X22 (index of manufacturing

production)............... 1.594
X25 (value of construction)....... 1.420
X79 (ratio past prices steel/lumber)  1.247
P4 (current price of plywood).... 0.846
X78 (ratio past prices clay

products/lumber)......... —0.746
X75 (ratio past prices

plywood /lumber).......... 0.632

X76 (ratio past prices building
board/lumber)............
X26 (freight rates)...............

The coefficients associated with X76 and
X'78 were wrong in sign. That for X78
was not significantly different from zero
but, as in the case of all lumber demand,
the X76 coeflicient was significantly dif-
ferent—again suggesting that some sort
of complementarity may exist between
lumber and building board. Wages in
construction again appeared to be an
important variable, and this tends to
support the view that high costs of
installation have been a major factor in
decreasing the demand for lumber in
construction.

Softwood Lumber Supply

No deliberate changes were made in
the function originally specified, but P7
(price of sawlogs) was excluded through
the stepwise process.

Estimates of elasticities were:

P5 (current price of softwood

lumber).................. 1.659
X86 (dummy variable)........... —0.780
X73 (productivity in sawmilling).. 0.697
X31 (rate of exchange)........... —0.679
X29 (price of electric power)...... —0.570
X28 (wages in sawmills).......... —0.182
X27 (trend)..................... —0.162
X33 (price of petroleum products). —0.154
P10 (price of sawlog stumpage)... —0.124
X30 (tariff on lumber)........... —0.011

Not unexpectedly, the tariff on lumber
(X30) was indicated to be of minor im-
portance at the present time, but it is
doubtful that the price of sawlog stump-
age (P10) is of such slight influence as

.the results suggest. The tariff on Douglas

fir, the major species of imported lumber,
was only about 1 per cent of the price in
1960, but for the same species in the
same year the average stumpage price
in National Forest sales was more than
40 per cent of the lumber price (U. S.
Forest Service, 1963).
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Building Paper and Board Demand

No variables were omitted prior to
estimation and none was excluded via
the stepwise process.

Estimates of elasticities were:

P6 (current price of building

paper and board).......... —1.008
b5 (current price of softwood

lumber).................. 1.001
X25 (value of total construction).. 0.861
P4 (current price of plywood).... —0.316

X82 (ratio past prices
wallboard /building board).. —0.187

X17 (wages in construction). . .... —0.104
X81 (ratio past prices
plywood /building board)... —0.092
X76 (ratio past prices building
board/lumber)............ 0.077

Coeflicients of wrong sign, though non-
significant, were obtained for X81, X82
and P4. It is not unexpected that
value of construction should appear to
be an important variable, but it is sur-
prising that past prices of substitutes
appear to be less important than current
ones. Though current price is likely to be
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more influential than price in any other
year, these results suggest that substi-
tution in response to past prices has
been of minor importance in the de-
mand for this product.

Building Paper and Board Supply

The estimated equation was as origin-
ally formulated. Estimates of elasticities
were:

X32 (wages in pulp and paper).... —1.360
X74 (productivity in pulp and

PAPeT) . . oottt 1.127
P6 (current price of building

paper and board).......... 0.738
P8 (price of pulpwood).......... 0.464
X27 (trend)..................... 0.387
X86 (dummy variable)........... 0.324
X29 (price of electric power)...... —0.208
X33 (price of petroleum products). 0.127

The coefficients for X33 and P8 were
wrong in sign, though not significantly
different from zero. The sign of X86
conformed to a priori expectations in
this case, but that of X27 (the continu-
ous trend variable) did not.

Remarks

There are some similarities between
relationships. As expected, the demand
functions for all lumber and for soft-
wood lumber were somewhat similar in
structure, with price the most important
variable (as judged by the point esti-
mates of elasticities) followed by wages
in construction, with the variables de-
picting past prices of competing mate-
rials being generally low in importance.
In fact, for all demand functions in
which they appeared, ‘“own’’ price and
wages in construction appeared to be
important. In three functions out of six
the price of the product was the most
important variable. Prices of other
materials generally appeared to be less
important demand shifters than were
such general shifters as value of con-

struction and index of manufacturing
production. “Freight rates’” was nearly
always the least important variable and
might have been omitted from the model
without any serious effect.

In contrast to its role in demand func-
tions, product price was not a leader of
importance in supply functions, being in
the first three positions in only three
cases out of six. The productivity vari-
ables X73 and X74 ranked first in im-
portance in two functions and second in
another. In both lumber supply func-
tions the Canadian dollar rate of ex-
change appeared fairly important, but
not in the case of paper supply where it
appeared last in absolute magnitude. In
addition, the supply functions of the less
competitive industries (paper and paper-



48 McKillop : Supply and Demand for Forest Products

board) showed noticeably fewer coeffic-
ients that were significantly different
from zero than did those for plywood and
lumber.

With regard to the role of the same
variable in different relationships, past
wages of construction workers appeared
to be more influential in lumber demand
functions than in other functions. This
was not unexpected, because of the high
degree of handling required for this type
of product relative to rapidly installed
panel products such as plywood and
building board. Index of manufacturing
production, value of construction, and
freight rates also showed this character-
istic; in the case of index of manufactur-

ing production and value of construction
the reason for this is not clear.

A high proportion of total lumber
consumption is accounted for by the
construction industry but (as can be
seen from Appendix A) the proportion
accounted for by this industry in the
case of softwood plywood consumption
is equally high. With freight rates, how-
ever, the high weight/value ratio of
lumber (as compared to the other prod-
ucts) could be cited as a reason for the
result, as a change in freight rates may
be expected to have a greater impact
on high ratio products than on products
having a low weight relative to their
value.

IV. PREDICTION

Preliminary

Predictions were made of prices and
consumption levels for the period ending
in 1975. All products were not treated
equally with respect to prediction, a
more comprehensive approach being
taken in the case of wood products. For
these, three methods of prediction were
considered and both prices and levels of
consumption were forecast. For pulp-
wood, peeler logs, sawlogs, and sawlog
stumpage two methods of prediction
were employed and future values of
prices alone were estimated. Emphasis
was placed on long-range forecasts rather
than on predictions made for 1 or 2 years
following the sample period. Ideally,
predictions should be in the form of un-
biased interval estimates which are small
in relation to the magnitude being pre-
dicted. Where long-range forecasts are
concerned, it is not generally possible to
obtain meaningful interval estimates. In
the first place, where regressor variables

are such things as population, income,
wage rates, levels of construction activ-
ity, and index of manufacturing produc-
tion, their values in a growing economy
will be considerably greater during the
forecast period than during the sample
period—with consequent inflation of
standard errors of forecast. Secondly,
future values of these regressor variables
are seldom known exactly, and therefore
must be predicted. It is possible to pre-
pare conditional interval estimates, but
if probability statements are to be mean-
ingful they must allow for possibility of
errors in predicting the independent
variables. Attempts may be made to
gauge possible ranges in future values of
these variables and incorporate them in
computations of estimates, but this may
be expected to lead to further inflation
of confidence intervals. For these reasons
an attempt was made to obtain only
point estimates of future values.
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Prediction Techniques

The estimated reduced-form equation
systems

YA: = DAXt (1)
YB: = DBXz (2)

were obtained in the first stage of the
two-stage least squares estimation where

P4, is a (12 X 1) matrix representing
predicted values in year ¢ of wood
product prices and consumption
levels,

Ps.is a (4 X 1) matrix representing
predicted values in year ¢ of pri-
mary product prices,

X, is a matrix representing values of
predetermined variables in year ¢,

and D, and Dy are matrices of esti-
mated coefficients.

Predicted values of endogenous vari-

ables in year (¢ + n) may be represented

as
?At+n = DAXt+n (3)
YBt+n = DBX t4n (4)

where X, is a matrix representing pre-
dicted values of predetermined variables
in year ({ + n).

The prediction technique utilizing
these equations may be called the com-
plete reduced form method. Its proper-
ties are discussed later.

Another technique employed was the
solved structural method which utilized

YAt =

the estimated system of wood products
demand and supply relationships pre-
sented in part III. This system may be
depicted as

BIAYAt = élXt - BIBYBt + Uu (5)
where Bi4, Bis and C, are matrices of
estimated structural coefficients and Uy,
is a matrix of residuals.

Algebraic manipulation of this system
yielded the set of solved structural equa-
tions

Y4, = BuuC. X, — BUiB\pY 5,
+ B14U1,
=GX,+ FYs: + E,

so that predicted values for year (¢ + n)
of variables endogenous to the wood
products subsystem may be represented
as

(6)

YAt+n = GXH-n + FYBH—n

where ¥ j.,, represents forecasts of pri-
mary product prices in year (¢ + n).
Properties of solved structural estimates
are discussed later.

Predictions were also made using
“exogenous reduced form’ equations
derived by eliminating lagged endogen-
ous variables from the complete system.
The set of reduced-form equations for
the wood products considered may be
written as

(Dag * Dap) (Xge: Xpo)' + Var

= DAEXEt + DADXDt + VAt

= DAEXet + WAt
with

Xg: a column matrix representing the
values in year ¢ of variables exog-
enous to the complete system,

X p: a column matrix representing the
values in year ¢ of lagged endogen-
ous variables,

where

Wae = DapXpe + Vas

and D, and D,p matrices of associ-

ated coefficients.

Treating W4, as a vector of disturb-
ances and carrying out least squares
estimation yielded the set of estimated
equations

?At = DAEXEI
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Predicting equations for primary prod-
uct prices may be similarly represented
as Y5, = DprpXg,, so that the exogenous
reduced form predictions of endogenous
variables for year (¢ + n) may be repre-
sented as

YAH-n = DAELXEH'E and

Btyn = DBEX Et4n

where Xg... represents forecasts of
exogenous variables for the year (¢ + n).
The validity of this predicting technique
is commented upon in a later section.

Forecasting Equations

Forecasting equations had good ex-
planatory power with the squared mul-
tiple correlation coefficient never less
than 0.95. The estimated relationships
are presented in Appendix F.

Solved structural equations had as
predictors all regressor variables (with

the exception of own price) that were
used in estimating structural relation-
ships.

Reduced form equations contained all
exogenous or lagged endogenous var-
iables except for those omitted because
of multicollinearity.

Forecasts of Shifters

Exogenous Variables

Before predictions of prices and con-
sumption levels could be carried out,
forecasts of future values of exogenous
variables had to be obtained. Reports by
a number of agencies were consulted,
namely the U. S. Forest Service (1965),
the U. S. Bureau of the Census (1964),
the National Planning Association (1962)
and Resources for the Future (Lands-
berg et al., 1963). At the same time,
independent forecasts were made by the
investigator. The principal procedure

used in this independent effort was to
examine past trends of exogenous vari-
ables plotted against time, and to extrap-
olate any stable trends observed. Strong
linear trends were usually evident for
the postwar period and lines were fitted
by least squares, using data for the years
1947 to 1960. Table 14 gives the results
of these regressions. A poor fit was ob-
tained in the case of the price of electric
power (X29), which underwent erratic
movement in the latter part of the
sample period after showing a marked
downward trend in the earlier years. The

TaBLE 14
REGRESSIONS ON TIME
Variable Constant Coefficient R?
Wages in construction (X17)............ ... ... ..., —1.23455 0.14985 0.99835
Index of manufacturing production (X22)....................... 5.00222 4.91868 0.90475
Population (X23).........ooiiiiiiii i 90.33649 2.79296 0.99834
Per capita disposable income (X24).........................oonl 0.09835 0.05813 0.98906
Value of construction (X25)..............coooviiiiiiiiiiiani.. —37343.00000 3563.02840 0.98891
Freight rates (X26)................ooiiiiiiiiiiiiiiii, 0.90980 0.01850 0.53149
Wages in sawmills (X28)..........c.ooiiiiiiiii i —0.08378 0.06611 0.99263
Price of electric power (X29)............oviiiiiiiiininninn... 99.57692 ~0.01758 0.00090
Wages in pulp and paper (X32)..............coviiiiiiiiiiiin... —0.52125 0.09206 0.99761
Price of petroleum products (X33)................cooiiiiiin... 66.18396 1.76505 0.62876
Consumer price index (X34)....................cooiiiii 57.56286 2.17428 0.94292
Productivity in sawmills (X73)............c.cooiiiiiiiiiiinn.. 22.68154 1.22593 0.91603
Productivity in pulp and paper (X74) .............ccooviiiinan... 19.80792 4.09296 0.94909
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least square fit did, however, yield a
plausible projection for the prediction
period in the form of a slow downward
trend. Forecasted values are presented
in Appendix E.

A distinet curvilinear trend was ob-
served for wallboard price (X9) and
forecasts were prepared graphically. For
certain other variables, knowledge of
change-promoting forces was considered
a better basis for forecasting. In the case
of the tariff on lumber (X30), for in-
stance, it was felt that no change would
occur during the prediction period. U. S.
trade policy is becoming more and more
liberal, as evidenced by the Trade Ex-
pansion Act of 1962 (see U. S. Tariff
Commission, 1963), so that no increase in
the tariff is likely—but strong demands
by Pacific Northwest lumber manu-
facturers that something be done about
rising levels of imports of Canadian
lumber suggest that the tariff will not be
removed. Marked changes in the rate of
exchange on the Canadian dollar (X31)
took place between 1961 and 1963, with
the Canadian dollar dropping in value
from $1.03 (U. S.) to $0.93 (U. S.). How-
ever, in May, 1962 the Canadian dollar
was pegged at $0.925 (U. S.) under
agreements of the International Mone-
tary Fund (Board of Governors of the
Federal Reserve System, 1962) and it
was anticipated that this rate would
persist throughout the prediction period
as evidence of the Canadian govern-
ment’s determination to stabilize the
Canadian dollar at a level that would
promote a less unfavorable balance of
trade with the United States than that
which existed in the late 1950’s.

TForecasts made by the investigator
were the only ones available for a major-
ity of variables. For variables X23, X24
and X25 the possibility of adapting fore-
casts made in other studies was con-
sidered but not accepted, partly because
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continuous series for all years were gen-
erally not given and partly because of
the difficulty of obtaining forecasts of
the particular variable used in this study.
For instance, forecasts of monetary
values were presented in these othe
studies in terms of 1954, 1959, 1960 or
1961 dollars rather than in future unde-
flated dollars. Table 15 compares fore-
casts made in this study with those made
in other studies. Where necessary, values
expressed in terms of dollars for some
base year were converted to ‘“actual”
magnitudes in years for which forecasts
are shown. This conversion was made
using multipliers obtained through pro-
jections of the consumer price index or
the deflator for value of construction
used by Landsberg et al. (1963).
Although population forecasts used in
this study agree fairly well with those
made in other studies, forecasts of value
data are slightly lower. Exact compar-
ison of forecasts of value is difficult
however, because forecasts from other
studies had to be converted from values
in terms of base year dollars to values
that were expected to actually prevail.

Endogenous Variables

In addition to forecasts of values of
exogenous variables, predictions of cer-
tain variables endogenous to the com-
plete system had to be made. In the
reduced form equations primary forest
product prices did not appear, but be-
cause they were included in the supply
equations in the wood products sub-
system they entered into the solved
structural equations, as may be seen
from function (6) on page 16. One of the
advantages that these equations were
thought to have was their ability to
allow for future availability of raw
materials. Because estimates of future
values of primary product prices could
not be generated within the wood prod-
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ucts subsystem, forecasts of them were
obtained from the complete reduced
form equations. In addition, forecasts of
lagged endogenous variables in the wood
products subsystem had to be obtained
for use with both the solved structural
and complete reduced form equations.
These variables were the ratios of past
prices of competing materials in con-
struction and, since they depended on
endogenous wood product prices, they
had to be generated year by year using
wood product prices predicted for the
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preceding period. Values generated with
the complete reduced form equations
were used for both methods, partly to
reduce the computational burden and
partly because preliminary calculations
indicated that somewhat implausible
forecasts of the price of softwood ply-
wood, a key component in the set of
lagged variables, would be obtained
using the solved structural equations.
(See pages 61-62 for discussion of this
characteristic of the solved structural
equations.)

Predictions

Table 16 gives predictions for the
years 1963-1975 for each variable con-
sidered and for each method employed
(predictions for 1961 and 1962 are given
in the next section). Past trends and
predicted values for the years 1965, 1970
and 1975 are shown graphically in
Appendix G.

From the graphical presentation it
will be seen that good correspondence
between all methods of prediction was
obtained for Q2, @3, Q4, P1, P2, P7, P8
and P9. Relatively good correspondence
was obtained between the solved struc-

tural predictions and the exogenous re-
duced form predictions in the case of
Q6, P3, P4, P5 and P6, with the com-
plete reduced form predictions being
noticeably lower for @6 and P6 but con-
siderably higher otherwise, especially in
the case of the price of softwood ply-
wood (P4). For @1, @5 and P10 the cor-
respondence between all methods was
only fair, with some tendency for solved
structural and exogenous reduced form
estimates to move in a stable manner
while the complete reduced form predic-
tions showed a rather erratic movement.

Comparison of Methods

If the different methods had yielded
predictions consistently close to each
other in magnitude the need to investi-
gate their relative merits would not have
been great—but in several instances the
methods gave future value estimates
that were considerably different. The
most striking difference appeared in 1975
CRF (complete reduced form) and the
SS (solved structural) predictions for P4
and P5, with the CRF prediction more
than twice that of the SS in the case of
P4 and about one and a half times in the
case of P5.

In an attempt to choose between alter-
native predictions, consideration was
given to the theoretical advantages of
the different methods used and to the
plausibility of the results obtained.
Empirical analyses were also carried out,
using data for the test years 1961 and
1962.

Theoretical Advantages

Because the CRF method is based on
the application of direct least squares to
models containing only predetermined
variables as regressors, it can produce
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predictions having the statistical prop-
erties of consistency and efficiency. It
should be understood that they are
efficient relative to other estimators
utilizing the same quantity of informa-
tion (Hood and Koopmans, 1953). The
SS method is consistent (Goldberger,
1964), and it utilizes additional informa-
tion in the form of a prior: restrictions
on the structural coefficients. In partic-
ular, it utilizes information as to which
coefficients are zero in individual struc-
tural relationships. Klein (see Pfouts,
1960) presents evidence to show that
this type of restriction will lead to fore-
casts with lower asymptotic variances,
although his results are not directly
applicable here because he deals with
maximum likelihood structural estima-
tion. Furthermore, the prices of primary
forest products are important influences
in the supply of wood products. In the
CRF predictions of wood product prices
they are indirectly accounted for through
the inclusion of predetermined variables
from the primary products subsystem.
In the SS predictions they are directly
considered, because they are represented
in predicting equations.

The CRF and the SS equations con-
tained lagged variables in the form of
ratios of past prices of wood products
and other competing materials used in
construction. This appeared to add sub-
stantially to the realism of the predict-
ing equations because of the importance
of substitutes in the demand for wood
products. However, the mechanics of the
predicting process required that the
prices of wood products be predicted for
1 year and used to generate values of
regressor variables to be used in predict-
ing for the following year. This was
computationally expensive and, as an
experimental effort, the exogenous re-
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duced form predicting equations, having
only exogenous variables as regressors,
were developed. It was recognized, how-
ever, that the omission of apparently
important variables might lead to
biased estimates.

Table 17 gives actual and predicted
values for the years 1961 and 1962. Pre-
dicted values were obtained for each
test year using both actual values of
shifters, and forecasts of them prepared
by the investigator in the manner men-
tioned earlier. Predictions obtained using
actual values of shifters are referred to
as ‘‘unconditional” predictions; those
obtained using forecasted values are re-
ferred to as “conditional” predictions.

Turning Points

One type of empirical analysis in-
volved examination of turning points.
As Theil (1960) indicates, it is relatively
easy to predict continuous movement in
a single direction but somewhat more
difficult to forecast change of direction.
In table 18 the occurrence of actual and
predicted turning points is indicated by
the letter ¢. In table 19 the measures E1
and E2 are given as quantitative indi-
cators of turning point errors of the
various methods for both conditional
and unconditional predictions. They are
respectively measures of what Theil
refers to as turning point errors of the
first and second kind. E1 is the fraction
of predicted turning points that were
wrong and E2 is the fraction of actual
turning points that were not predicted.
From table 19 it can be seen that the
ERF unconditional predictions appeared
to be superior to the other unconditional
types, with 50 per cent of predicted
turning points wrong in the case of prices
and consumption levels for wood prod-
ucts and 36 per cent wrong in the case
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TaBLE 17
PREDICTIONS FOR 1961 AND 1962

Unciqdiyion?l Co?i(.litiona;
Actual predictions predictions
Item Year values
CRF | SS | ERF CRF S8 ERF
Billions of board feet
Lumber consumption (Q1)........... 1961 35.8 37.55 36.75 35.85 40.86 40.35 42.65
1962 38.0* 41.38 40.86 40.65 40.29 40.90 45.56
Thousands of tons

Paper consumption (Q2)............. 1961 22,343 22,295 21,616 21,711 22,184 22,077 22,369

1962 23,224 24,033 22,249 23,466 22,457 22,640 22,978

Thousands of tons

Paperboard consumption (Q3)........ 1961 17,919 17,460 18,018 17,547 17,374 18,053 17,832
1962 19,110 18,666 19,787 18,841 17,474 18,441 18,268

Millions of square feet

Softwood plywood consumption (Q4).| 1961 8,495 8,428 8,363 8,246 8,672 8,588 8,124
1962 9,130 9,566 9,192 9,386 8,899 9,248 8,664

Billions of board feet

Softwood lumber consumption (Q5) .| 1961 23.68 25.27 25.70 24.48 26.28 26.69 28.13
1962 24.39 27.65 30.40 27.18 26.42 26.18 29.84

Thousands of tons

Building board and paper
consumption (Q6).................. 1961 3,310 3,329 3,327 3,527 3,170 3,415 3,534
1962 3,518 3,488 3,582 3,868 3,148 3,467 3,671

Price index 1947-49 = 100

Lumber price index (P1)............. 1961 115.5 123.24 123.97 119.74 120.87 125.98 130.66
1962 117.1 128.85 138.14 126.31 116.57 121.91 132.79

Price index 1947-49 = 100

Paper price index (P2)............... 1961 145.7 150.81 161.31 149.84 151.30 158.01 153.28
1962 146.2 | 152.02 | 180.55 | 151.10 | 156.43 | 159.98 | 156.40

Price index 194749 = 100

Paperboard price index (P3)......... 1961 129.3 144.04 147.87 140.83 139.95 | 146.16 | 146.71
1962 129.0* | 146.28 | 161.37 | 141.43 | 138.51 | 145.63 | 149.11

Price index 1947-49 = 100

Softwood plywood price index (P4)..| 1961 79.8 76.11 83.38 77.60 80.84 89.16 93.98
1962 76.6% | 82.23 93.81 81.92 86.10 81.82 95.25

Dollars per thousand board feet

i 86.40 90.23
Softwood lumber price (P5).......... 1961 76.15 87.75 84.75 82.98 88.04
’ 1962 77.96 95.40 92.62 87.40 92.10 83.15 91.69
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TaBLg 17—Continued
Unc?irgdipion?l Cor&dit@ona%
Actual predictions predictions
Item Year values
CRF ’ Ss ERF CRF ’ Ss l ERF
Price index 1947-49 = 100
Building paper and board
priceindex (P6).................... 1961 144.9 150.31 153.73 149.90 157.39 156.23 154.01
1962 139.7* 153.40 161.25 152.68 159.24 158.45 157.31
Dollars per thousand board feet
Sawlog price (P7)........covvvvnennn. 1961 57.50 59.76 57.04 59.72 61.11
1962 57.41 64.11 61.18 59.70 62.87
Dollars per thousand board feet
Pulpwood price (P8)................. 1961 23.20 24.36 24.23 23.36 24.19
1962 23.05 24.96 24.92 23.98 24.74
Dollars per thousand board feet
Peeler log price (P9)................. 1961 94.90 98.55 96.11 100.53 108.82
1962 95.01 102.21 98.78 98.30 111.89
Dollars per thousand board feet
Softwood stumpage price (P10). .. ... 1961 21.40 27.90 25.76 25.13 32.45
1962 21.67 30.11 29.30 22.98 33.04

* Preliminary figure.

t CRF = complete reduced form; SS = solved structural; ERF = exogenous reduced form.

ofall variablespredicted. Futhermore, the
ERF unconditional predictions showed
correct turning points in all instances
where wood product prices and con-
sumption levels were considered, and in
90 per cent of the instances for all vari-
ables predicted. Only when conditional
predictions were subjected to turning
point analysis did the more compre-
hensive methods of prediction show im-
provement, with the CRF method
making the fewest errors of the second
kind where all variables were concerned,
and the SS method making the fewest
errors of the first kind in the case of wood
product predictions. Over-all, however,
the ERF method appeared somewhat
better, although it should be recognized
that an analysis based on so few turning
points can give little more than a rough

comparison. Furthermore, a turning
point analysis disregards how precisely
movements are predicted and gives no
credit to the method that almost pre-
dicts turning points without actually
doing so.

Inequality Coefficients

To find a more powerful means of
assessing the relative success of the dif-
ferent types of predictions the inequality
coefficient devised by Theil (1960) was
computed for each set of predictions
Theil defines it as

Lz 0]
Lxr] 4 [txad]
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TaBLE 18
TURNING POINTS
Unct&l.ldi.tional Conditional
Ttem Period eAVc:::! predictionst predictionst
CRF Ss ERF | CRF Ss ERF
Lumber consumption (Q1).................. 1960-61 t t t t t t t
1961-62 o o o o t [ o
Paper consumption (Q2).................... 1960-61 o o t t o [ o
1961-62 o o o t o o o
Paperboard consumption (Q3)....... T 1960-61 0 o o o o o o
1961-62 [ [ o o o o o
Softwood plywood consumption (Q4)....... 1960-61 [ o o o o [ o
1961-62 o [} o o o o o
Softwood lumber consumption (@5)......... 1960-61 [ o o o o o o
1961-62 t t t t t o t
Building board and paper consumption (Q6). 1960-61 t t t t o t t
1961-62 o o o [ o o o
Lumber price index (P1).................... 1960-61 [ t t o o t t
1961-62 t o o t o t [
Paper priceindex (P2)...................... 1960-61 o o o o o o o
1961-62 o o o o o o o
Paperboard price index (P3)................ 1960-61 [ t t t t t t
1961-62 [ o o o t t o
Softwood plywood price index (P4)......... 1960-61 ) o t [ o t t
1961-62 o t [ t t t o
Softwood lumber price (P5)................. 1960-61 ) t t o t t t
1961-62 t o o t o t o
Building paper and board price index (P6).. 1960-61 [ t t t t t t
1961-62 o o o o o o o
Sawlog price (P7)......covvvueiieniiinann.. 1960-61 t o t o o
1961-62 [ [ [ t o
Pulpwood price (P8)......c.covvevinninnn.. 1960-61 t [ o t o
1961-62 o o o t o
Peeler log price (P9)........................ 1960-61 t t t o o
1961-62 t t t t o
Softwood stumpage price (P10)............. 1960-61 [ o o o t
1961-62 t t t o [

* t denotes the existence of a turnin% int; o indicates no change.
t CRF = complete reduced form; SS = solved structural; ERF = exogenous reduced form.

TaBLE 19
TURNING POINT ERRORS
Unconditional Conditional
Type predictionst predictions
Variables of
error
CRF Ss ERF | CRF Ss ERF
Wood products prices and consumption levels. ............. El* 0.63 0.67 0.50 0.75 0.64 0.63
E2 0.40 0.40 0.00 0.60 0.20 0.40
All variables predicted. ...................ooiiiiinn w....| E1 0.45 e 0.36 0.67 e 0.67
E2 0.40 0.10 0.56 0.67

* E1 = fraction of predicted turning points that were wrong;
E2 = fraction of actual turning points not predicted.
t CRF = complete reduced form; SS = solved structural;: ERF = exogenous reduced form.
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where
F; = forecasted value in period ¢ of
the variable being predicted,
t=1...n
A; = actual value in period ¢ of the

variable being predicted.

Theil shows that the inequality coef-
ficient varies from zero to 1, with zero
indicating perfect forecasting and 1 indi-
cating poor forecasting. He points out
that it is considerably superior to the
product moment correlation coeffic nt
which merely indicates linearity of rela-
tionship. Also, it appears superior to
measures employing absolute values of
deviations, as it favors the more con-
sistent methods.

Table 20 gives values of inequality
coefficients. The ERF method was better
in the case of unconditional predictions,
with the lowest values in nine out of
twelve cases for wood products and
thirteen out of sixteen cases where all
products were concerned. The CRF and
the SS methods appeared to be little
different from each other. Where con-
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ditional predictions were concerned little
difference was apparent between the two
latter methods, but the ERF method
appeared to be considerably poorer than
either one, with eight out of twelve
values highest in the case of wood prod-
ucts and twelve out of sixteen highest for
all products.

Plausibility Criteria

As Theil points out, an assessment of
the quality of forecasts cannot be made
on the basis of statistical criteria alone,
and the plausibility of predictions was
given particular attention as a means of
comparing prediction methods. Indis-
criminate use of such a highly subjective
criterion as plausibility could be danger-
ous, for as Keynes (1936) said “. . . the
facts of the existing situation enter, in a
sense disproportionately, into the forma-
tion of our long term expectations.” As
Theil also says, changes are generally
underestimated because social pressure
on forecasters prevents them predicting
very large changes. However, certain
predictions in this study appeared to be

TaBLE 20
INEQUALITY COEFFICIENTS
Unconditional Conditional
predictions* predictions*
Item

CRF Ss ERF CRF ES) ERF
Lumber consumption (Q1)..............ocounnenn. 0.035 0.028 0.025 0.051 0.049 0.089
Paper consumption (Q2).........cooevnvveniinian.n. 0.012 0.019 0.011 0.012 0.010 0.004
Paperboard consumption (@3)..................... 0.012 0.013 0.009 0.034 0.013 0.005
Softwood plywood consumption (Q4).............. 0.017 0.006 0.014 0.012 0.006 0.019
Softwood lumber consumption (Q5)............... 0.051 0.086 0.079 0.046 0.049 0.094
Building board and paper consumption (Q6)...... 0.003 0.007 0.041 0.042 0.012 0.027
Lumber price index (P1).......ccovvvienieneninnnn 0.039 0.063 0.028 0.016 0.033 0.061
Paper priceindex (P2)..........ocovviuiiiniinn... 0.018 0.084 0.015 0.027 0.043 0.058
Paperboard price index (P3)................oo.n. 0.058 0.093 0.044 0.038 0.061 0.068
Softwood plywood price index (P4)............... 0.030 0.074 0.026 0.042 0.046 0.096
Softwood lumber price (P5)..........oooovvvnnnnn. 0.088 0.072 0.051 0.078 0.050 0.083
Building paper and board price index (P6)........ 0.035 0.055 0.033 0.054 0.052 0.047
Sawlog price (P7).......ccovviiiiiiiiiniininennnns 0.042 | ..... 0.023 0.019 | ..... 0.039
Pulpwood price (P8) 0.033 | ..... 0.032 0.014 | ..... 0.029
Peeler log price (P9) 0.029 | ..... 0.015 0.02¢4 | ..... 0.075
Softwood stumpage price (P10) 0.149 | ..... 0.126 0.061 | ..... 0.207

* CRF = complete reduced form; SS = solved structural; ERF = exogenous reduced form.
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TABLE 21
ADJUSTED FORECASTS FOR 1965, 1970, AND 1975*
1965 1970 1975
Item
CRF , SS ERF CRF SS ERF CRF SS ERF

Billions of board feet

Lumber consumption
[(2) ) N 45.0 ‘ 40.9 ' 40.1 ‘ 53.0 42.6

42.8 | 49.7 42.6 45.4

Thousands of tons

Paper consumption (Q2).| 25,200 ] 24,600 ’ 24,800 ‘ 26, 500 27,900 ‘ 27,600

28,900 , 30,700 I 30,500

Thousands of tons

Paperboard consump-
tion (Q3).............. 20,400 ‘

20, 800 20,400 22,900 23,000 23,200 I 25,600 ’ 25,600 26,000

M-llions of square feet

Softwood plywood con-
sumption (Q4)........ 11,200 ‘

10,400 ’ 10,700 12,600 12,000 13,300 14,700 ' 14,700 16,000

Billions of board feet

Softwood lumber con-

sumption (Q5)........ 28.8 27.6 26.2 ’ 37.8 28.6 28.3 36.7 27.8 ' 30.4
Building board and Thousands of tons

paper consumption. . .

[((2]) P 3,400 3,700 ’ 3,800 3,900 4,200 ’ 4,200 ’ 4,500 4,600 ' 4,600

Price index 1947-49 = 100

Lumber price index (P1) 129 130 123 148 137 131 | 147 I 136 ’ 139

Price index 1947-49 = 100

Paper price index (P2).. 155 l 164 | 158 174

174 ' 176 | 195 ‘ 189 ‘ 194

Price index 1947-49 = 100

Paperboard price index
[02) JAN U 148 145 ‘

138 ’ 187 153 ’ 152 | 191 161 ’ 166

Price index 1947-49 = 100

Softwood plywood price
index (P4)............ 124 86 ‘ 7 148 74 | 73 132 ’ 59 70
Dollars per thousand board feet
Softwood lumber price
[0 25) JA 93 84 81 119 89 85 121 ‘ 87 ‘ 90
Price index 1947-49 = 100
Building paper and
board price index (P6). 143 ‘ 155 155 ‘ 143 170 173 165 188 | 192
Dollars per thousand board feet
Sawlog price (P7)....... 67 et 63 77 e 71 81 | oot 78
Dollars per thousand board feet
Pulpwood price (P8).... 25 25 30 28 33 | 31
Dollars per thousand board feet
Peeler log price (P9)..... 109 l e 103 l 126 l et 113 130 e 123
Dollars per thousand board feet
Softwood stumpage
price (P10)............ 26 l e 24 38 e 27 38 e 30

* CRF = complete reduced form; SS = solved structural; ERF = exogenous reduced form.
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somewhat less plausible than others. In
particular the solved structural forecasts
for the price of softwood plywood (P4)
appeared to be unrealistic, with the
index of price in 1975 estimated to be
only 64 as compared to the actual 1962
value of 79. The ERF forecasts also indi-
cated a decline, and only the CRF
method predicted that a price increase
would take place. Since 1950 the soft-
wood plywood price index has been
declining steadily (Appendix E), but it
should be noted that predictions are
made in terms of undeflated values and
that the costs of labor and peeler logs—
two of the most important inputs in
plywood manufacture—have been rising
markedly in recent years and should
continue to rise throughout the forecast
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period. Preliminary reports (U. S. Forest
Service, 1964b) indicate that in 1963 the
softwood plywood price showed a slight
increase over the 1962 level. It was
thought that the SS method yielded
better predictions in the case of lumber
consumption. The reduced form methods
yielded predictions in excess of 54 billion
board feet for 1975, but the SS method
forecasted a figure of less than 47 billion.
In 1962 the actual level of consumption
was 38 billion, a decline of several billion
from the postwar high of 41 billion board
feet.

It was clear that certain influences
(notably inflation) could lead to marked
increase in prices, but in the case of
lumber consumption no such influences
were apparent.

Adjustment of Forecasts

In several of the sets of predictions
there was a tendency to overestimate
actual values for the test years. Variables
particularly affected in this respect were
the prices of all the products dealt with,
and the consumption levels of all lumber
and softwood lumber. The effects of this
were evident in the sharp and unrealistic
differences between actual values for
1962 and predicted values for 1963, and
it appeared that the overestimation
might seriously reduce the realism of the
forecasts presented in previous sections.
To avoid this defect a procedure utiliz-
ing predicted and actual values for the
test years was adopted to give adjusted
forecasts for selected years. A prelimin-
ary step was the computation of ratios
of predicted magnitudes of variables in
the selected years to the average of their
conditional predictions for 1961 and
1962. Table 21 gives these relative mag-
nitudes. These ratios were subsequently
multiplied by the averages of actual
values of variables in 1961 and 1962 to

yield the adjusted forecasts. Table 21
shows the set of adjusted forecasts. The
adjustment procedure may be repre-
sented as

Z, = P.3Y: + 1V0)/GP + 31
where
Z, = adjusted forecast for year ¢

Y, = unadjusted forecast for year ¢
P = unadjusted forecast for 1961
P; = unadjusted forecast for 1962

Y; = actual value for 1961
Y, = actual value for 1962

Table 22 gives an indication of fore-
casted changes in relation to the 1961-62
base period, and also offers means by
which crude forecasts can be made for
products whose prices and consumption
levels are closely related to the variables
dealt with in this study. With regard to
the adjusted forecasts it will be observed
that the different methods of prediction
agree well in most cases. Notably dissi-
dent predictions are the CRF predic-
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tions of Q1 and P4 for 1965, of Q1, Q5,
P3, P4, P5 and P6 for 1970 and P3, P4
and P5 for 1975. The fact that little dis-
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agreement is evident between SS and
ERF predictions speaks favorably for
these methods.

Remarks

A number of rival predictions have
been presented, with unadjusted predic-
tions vying with adjusted ones and dif-
ferent methods of prediction competing
among themselves. Each set of predic-
tions has some advantage not possessed
by others, and no incontrovertible state-
ment can be made as to which is prefer-
able. However, it is suggested that, in
general, the adjusted predictions may be
regarded as superior to the ones obtained
directly from the predicting equations
as they may not have the tendency to
overestimate that unadjusted ones ap-
pear to have. With regard to the different
methods of forecasting, it is suggested
that the solved structural predictions be
preferred for all wood product prices and
consumption levels except for the price

of softwood plywood (P4). The ability
of the solved structural method to
utilize more information than the other
methods is a major advantage. With
regard to softwood plywood price it is
suggested that the CRF predictions be
preferred, for the reasons given earlier.
In the case of primary product prices,
for which solved structural estimates are
not available, the basis for choosing be-
tween the exogenous reduced-form pre-
dictions and the complete reduced-form
ones is less firm. In favor of the ERF
method are the facts that its uncon-
ditional predictions were more accurate
for the test years, and that in general
the estimates it produces are closer to
SS ones than are the complete reduced-
form predictions. In favor of the CRF

TaBLE 22
RELATIVE MAGNITUDES OF FORECASTS*
1965 1970 1975
Item
CRF SS ERF CRF Ss ERF CRF SN ERF

Lumber consumption (Q1)....... 1.220 1.109 1.087 1.437 1.154 1.159 1.348 1.154 1.231
Paper consumption (Q2)......... 1.108 1.080 1.088 1.161 1.223 1.212 1.268 1.346 1.337
Paperboard consumption (Q3)....| 1.103 1.126 1.102 1.239 1.245 1.254 1.383 1.384 1.405
Softwood plywood consumption

(Q4) v 1.268 1.181 1.213 1.428 1.363 1.514 1.665 1.669 1.815
Softwood lumber consumption

(02 P 1.200 1.147 1.090 1.573 1.192 1.176 1.529 1.158 1.263
Building board and paper con-

sumption (Q6)................. 1.009 1.082 1.100 1.154 1.227 1.231 1.318 1.334 1.361
Lumber price index (P1).........| 1.108 1.118 1.051 1.266 1.174 1.123 1.260 1.164 1.194
Paper price index (P2)........... 1.063 1.127 1.084 1.190 1.190 1.208 1.337 1.298 1.332
Paperboard price index (P3). . ... 1.149 1.124 1.072 1.446 1.185 1.180 1.478 1.245 1.288
Softwood plywood price index

[0 2 ) P 1.588 1.106 0.984 1.888 0.949 0.939 1.686 0.749 0.894
Softwood lumber price (P5). ... .. 1.210 1.093 1.047 1.545 1.155 1.109 1.566 1.133 1.172
Building paper and board price

index (P6).............c.ouuve. 1.005 1.091 1.088 1.002 1.197 1.218 1.158 1.320 1.348
Sawlog price (P7).......... Lo r1e4 | oLl 1.095 1.340 | ..... 1.230 1412 | ... 1.364
Pulpwood price (P8) 1.087 | ..... 1.083 1.312 | ... 1.204 1.425 | ..... 1.325
Peeler log price (P9) 1.148 | ..... 1.081 1.327 | ... 1.190 1.365 | ..... 1.299
Softwood stumpage price (P10) ..[ 1.188 | ..... 1.101 1.750 | ..... 1.258 1.787 | ... 1.415

* CRF = complete reduced form; SS = solved structural; ERF = exogenous reduced form.
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method are the facts that it showed up
better with regard to conditional fore-
casts for the test years and that it was
based on a more complete economic
model.

Table 23 gives the adjusted solved
structural estimates of consumption for
the years 1970 and 1975, together with
actual values for 1950 and 1960 and
alternative forecasts produced by other
investigations. The magnitudes of these
alternative forecasts expressed as a per-
centage of corresponding estimates made
in this study are shown in parentheses.
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It will be observed that of the thirty-six
alternative forecasts shown just over
half are within 10 per cent of the esti-
mates produced by this study. It should
be noted that all but one of the Forest
Service estimates (U. S. Forest Service,
1965) are within 10 per cent of those of
this study. Forest Service estimates are
higher for all products except lumber,
for which the estimate is 7 per cent
lower. However, a preliminary estimate
(U. S. Forest Service, 1964b) indicates
that lumber consumption in 1964 was
41.3 billion board feet or 1.6 billion feet

TaBLE 23
COMPARISON OF FORECASTS OF CONSUMPTION
i
Y Buildin,
Softwood | g
Type of Lumber Paper Paperboard paper
Source of forecust forecast* | (billion bd. ft.)| (million tons) | (million tons) (bi[ll)ilgr:v:(()dft )|  and board
1)1 (million tons)
. |
1950
Actual values........... 40.7 l 16.8 12.3 ; 2.7 ©26
1950
|
Actual values........... J‘ 35.7 ‘ 21.9 17.2 1‘ 8.0 3.3
1970
Thisstudy.............. 42.6 27.9 23.0 12.0 4.2
Forest Service.......... 39.7 (93)t 28.3 (101) 24.4 (106) 14.4 (120) 4.3 (102)
Resources for the
Future................ Low 34.2 (80) 26.0% (93) 21.0% (91) 11.1(92) 3.6 (86)
Medium 51.6 (121) 27.5% (99) 22.7¢ (99 16.8 (140) 4.7 (112)
High 67.4 (158) 30.11(108) 25.31 (110) 22.9 (191) 6.0 (143)
Stanford Research
Institute.............. 43.1 (101) 25.8 (92) 22.1 (96) 6.6 (55) 5.5 (131)
Department of
Commerce. .......... A L 29.6 (105) 26.0 (113) | ... 4.4 (105)
B 32.5 (116) 29.3(120) | ...l 4.8 (114)
1975
This study.............. 42.6 30.7 2.6 4.7 46
Stanford Research
Institute.............. 44.6 (105) | 28.6(93) 24.9 (97) 7.5 (51) | 6.3 (137)

* The low, medium and high forecasts prepared by Resources for the Future, Inc. and the A and B forecasts of the
Department of Commerce represent outcomes of alternative basic assumptions underlying their projection techniques.
t Figuresin parenthesesindicate the magnitudes of alternative forecasts as a percentage of estimates made in this study -

t Excluding building paper and board.
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greater than the Forest Service estimate
for 1970. Only in the case of softwood
plywood was a Forest Service estimate
markedly different. In a review draft of
its publication (U. S. Forest Service,
1964b) the forecast of softwood plywood
consumption in 1970 was 12.9 billion
square feet, only 7 per cent greater than
the forecast made in this study.

Only six out of fifteen of the Resources
for the Future predictions (Landsberg et
al., 1963) are within 10 per cent of those
in this study, and while their medium
projections for paper and paperboard are
in close agreement their other forecasts,
especially their high projections, are
generally quite different. Stanford Re-
search Institute (1954) projections for
lumber, paper and paperboard agree
reasonably well with the results of this
study, but their estimates for softwood
plywood and building paper and board
do not. Their softwood plywood esti-
mate is clearly erroneous, being less than
the actual 1960 value. Finally, it should
be mentioned with regard to the projec-
tions of the Department of Commerce
(1963) that all but the “A” paper and
building paper and board estimates were
somewhat different than those produced
by the present investigation.

While forecasts of price are not avail-
able for comparison, it is interesting to
note some of the assumptions and antici-
pations with regard to price that are
referred to in these other studies. The
Forest Service assumed that . . . future
price trends for timber products between
1962 and 2000 will not differ significantly
from price trends for competing mate-
rials.” The Stanford Research Institute

anticipated that the prices of lumber
and plywood would rise relative to the
prices of competing materials, but that
prices of wood pulp products would not.
In the Resources for the Future study it
was expected that lumber prices would
experience a relative upward movement.
The Department of Commerce made no
explicit assumptions with regard to price
but stated that it was anticipated that
the pulp and paper industry would con-
tinue ““. . . to meet competition for pres-
ent and future markets.”

Table 21 gives an indication of rela-
tive price movements for wood products
predicted by this study. With regard to
solved structural forecasts for 1975 it
may be seen that the largest movements
are predicted for pulp and paper prod-
ucts, especially building paper and
board. But for lumber relatively modest
increases of 16 per cent in the case of all
lumber and 13 per cent in the case of
softwood lumber relative to the 1961-62
average are predicted. For competitive
non-wood materials projections of prices
for wallboard, structural clay products
and structural steel had to be made in
the course of preparing forecasts for
wood products. These projections sug-
gested that fairly substantial price in-
creases would take place in the case of
clay products and structural steel, with
1975 price levels some 50 per cent
greater than the 1961-62 averages; for
wallboard prices, an increase of only 41
per cent was indicated. The procedure
used to obtain these latter projections
was of necessity elementary and thus
it is advisable that they be regarded
with caution.
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V. CONCLUSION
Validity of Premises

The premises serving as a basis for the
present study were that an aggregate
supply or demand relationship could be
adequately represented by a linear func-
tion (plus a stochastic term), and that
errors of measurement in variables would
not appreciably impair the quality of
the results. The subject for debate about
the linearity premise should probably
not be whether such relationships can be
represented by mathematical functions,
because on the one hand such functions
can be made exceedingly complex and
comprehensive and on the other, pro-
vision can be made for non-measurable
or unknown influences by the introduc-
tion of an unobserved random term. The
question is rather whether stochasticized
linear functions were adequate represen-
tations of true (perhaps complex) func-
tions. In the case of the errors of meas-
urement premise the argument should
not be whether such errors were present
but whether their presence was a serious
defect. As to whether or not the premises
were valid, no direct answer can be
given, but certain results of the study

furnish strong evidence substantiating
their validity. First, past phenomena
(prices and consumption levels) were
well explained by the estimated struc-
tural and reduced form equations. In no
instance was a value less than 0.95
obtained for the square of a multiple
correlation coefficient, and usually it was
greater than 0.99. In some studies, as
Theil (1960) suggests, high values of R?
are perhaps no more than a tribute to
the tenacity of the investigator. In this
study no regard was paid to values of
this statistic in modifying preliminary
models. In any event, preliminary regres-
sions showed similarly high values for R2.

Secondly, and as Klein (1956) puts it,
‘... the real test of the validity and use-
fulness of any theory is its ability to
predict.” Estimated structural equations
may be regarded as theories as to how
people behave and how prices and con-
sumption levels are generated. The re-
sults of the study with regard to fore-
casting indicate that these theories and
their associated premises stood up well
under test.

Improving Estimates

Errors of measurement in time-series
data, and the fact that available statis-
tical techniques can yield only consistent
estimates, are major potential sources of
inaccuracy in estimates of coefficients
and future phenomena. The presence of
structural change is another potential
source of inaccuracy and can be a dis-
tinct handicap in long-range forecasting.
The individual investigator can in gen-
eral do little about the first two sources
of error, but he has at his disposal a
means of dealing with the third one.

Experience indicates that if structural
change is taking place in the relation-
ships estimated in this study, it is
occurring slowly and in a systematic
manner. This offers hope that it can be
detected, if it does exist, by dropping
early years from the sample period as
data for later years become available.
The detection of statistically significant
change would of course require that data
for a number of additional years be avail-
able. A procedure of re-estimating rela-
tionships also holds considerable prom-
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ise for improving forecasts as it may be
repeated a number of times and an effort
made to “map’’ movement in the mag-
nitudes of coefficients and prepare esti-
mates of these magnitudes for the latter
years of the projection period or even
beyond.

Another source of error in predicting
was errors in forecasts of exogenous
variables. This is also a defect that can

be eliminated as data for additional
years become available and permit re-
cent trends to be taken into account.

It is anticipated that an updating
procedure employing both revisions of
coefficients and revisions of forecasts of
exogenous variables will result in con-
siderably better estimates of future
prices and consumption levels.

Extensions of the Study

The scope of the study was broad, and
restrictions on time and effort made it
impossible to dig deep into any particu-
lar aspect. As a result, numerous lines of
potential future investigation are clearly
evident. Especially so are “in depth”
studies of particular industries. An un-
fortunate restriction of available statis-
tical techniques in the present study was
the need to consider the lumber, ply-
wood and pulp and paper industries
simultaneously, and consequently time
was not available for close scrutiny of
the workings of any one industry. How-
ever, the least squares estimates of prices
obtained in the first round of the two
stage process in this study make it
feasible to single out functions for a par-
ticular industry and apply least squares
directly to them, since these first round
estimates of values of endogenous vari-
ables may be used as observations on
regressor variables rather than raw
data. In particular, the role of invest-
ment on supply should be a subject for
further investigation. In the present
study a labor productivity variable and
a dummy variable were used in an
attempt to capture the influence of
changing levels of plant and equipment
on supply. It was suggested that an
increase in the use of fixed inputs vis-a-
vis variable inputs would act as a posi-
tive supply shifter. Clarification of the

role of such influences, and expansion of
the system to take explicit account of
them, would result in significant im-
provement in the specification of supply
relationships. However, such study would
require much effort to study producer
motivation and to collect data not avail-
able in print.

The study dealt primarily with broad
product categories, although an effort
was made to deal with finer categories
as in the case of softwood lumber and
building paper and board. It is felt that
estimation of supply and demand for
various subcategories of products would
be a valuable extension of the study.
Commodities that might be investigated
in this way are individual types of soft-
wood lumber and the more important
categories of paper, such as newsprint,
other printing papers, and coarse papers.
Each of the product categories dealt
with in this investigation, particularly
all lumber, paper and paperboard, is
quite heterogeneous, and studies dealing
with more homogeneous commodities
would provide more meaningful and
useful results.

In the introductory chapter, mention
was made of the rapidly increasing im-
ports of softwood lumber from Canada.
It was noted that estimates of supply
and demand elasticities obtained in this
study would be valuable tools in analyz-
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ing the effects of the various means
suggested for curbing such imports.
Complete solution of the problem re-
quires, however, an estimate of the elas-
ticity of Canadian supply to United
States markets. Estimation of this elas-
ticity is a potentially rewarding though
difficult line of investigation.

Another useful extension would be an
intensive empirical examination of fore-
cating techniques. The techniques used
in this study were chosen largely on
theoretical grounds and it is possible
that modifications of them may yield
more accurate forecasts. Suitable modi-
fications can be selected by a trial and
error process in which forecasts are made
for a substantial number of years and
compared with values that actually pre-
vailed. Investigations in this area have
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already been initiated by the author.
Numerous other lines of investigation
could be suggested, but lack of data is
a major obstacle in their pursuit. Statis-
tical study of virtually all economic
problems relating to U. S. forest indus-
tries is much handicapped by this lack
of data, and it is perhaps a fitting con-
clusion to plead for more and better
quantitative information concerning
these industries. Data on prices, inven-
tories, and rates and levels of invest-
ment are most sorely needed. The econ-
ometrician is not alone in his need for
more and better data but special heed
might be given to his case, for an econo-
metric investigation is not an end in
itself but rather a process by which data
are transformed into useful tools for the
attacking and solving of problems.
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APPENDIX A

SECTORS OF DEMAND AND SUPPLY
FOR WOOD PRODUCTS

End-uses of Wood Products in the U. S.*

Stanford Research Institute estimates for 1952

Per cent Per cent
of end- of product
Product End-use uset use}
Lumber Construction
Residential........... ... . ... ... . ... ... .. ... . ..., 51
Non-residential. ...................................... 26
Maintenance and repair. . ........... ... ... ..., 23 ..
All construction........ ... ... .. ... ... . . .. ... ... .. 72
Shipping
Boxesand ecrates............. ... ... .. .. ... ... .. 64
Pallets. . ......... ... 13
Dunnage..........oo i 23 ..
All shipping.........ooooo i .. 16
Manufactures
Furniture and fixtures. . ............................... 45
Other manufactures................................... 55 ..
All manufactures...................................... .. 12
Paper Newsprint. . ....oooueini .. 36
Book and other printing................. ... ... .. ...... . 20
COATSE. . . . ot .. 18
TiSSUE. ... ..o .. 11
Fine..... ... o . 7
Building. . ... . 8
Paperboard  Container board................... ... ... ... ... ....... .. 46
Boxboard............. ... ... .. 43
Building board............ ... .. 11
Plywood and Construction
veneer Residential........... ... ... ... ... ... ... ... ... 68
Non-residential. ........... ... .. .. ... .. ... ... ...... 7
Maintenance and repair. . ........... ... ... ..., 25 ..
All construetion................. ... ... ... ... .. ..... .. 50
Shipping
Plywood containers. . ......... ... ... .o o 25
Veneer containers. ......................ciuuiioi... 75 ..
All shipping. ... .. 33
Manufactures
All manufactures............... ... ... ... ... ... ..... .. 17

(Table continued next page)
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U. 8. Forest Service estimates, 1952-1962

Per cent 1952 Per cent Per cent Per cent
of end-  of product of end- of product
Product End-use uset use} uset use}
Lumber Construction
Residential....................... 41 50
Non-residential. .................. 17 18
Maintenance and repair. .......... 18 19
Other............................ 23 .. 12 ..
All construetion................... 76 74
Shipping............coiiii 15 12
Manufactures and miscellaneous. . . .. 10 14
Paper Newsprint and ground wood......... 40 36
Book, fine and absorbent............ 24 26
Coarse and industrial. .............. 21 22
Tissue and sanitary................. 8 10
Building............................ 8 6
Paperboard  Container board.................... 47 50
Bending board. ..................... 26 26
Building board...................... 11 11
Other.................ciiiiiin. 17 14
Softwood Construetion........................ 76§ 73
plywood
and veneer Other.............................. 24§ 27

* Basic lumber consumption data in board feet; paper and paperboard data in tons; plywood data in square feet

34’ equivalent).
Percentage of end-use consumption accounted for by subcategories.
1 Percentage of total product consumption accounted for by end-uses.
Based on 1955 data.

oURcEs: Stanford Research Institute, ‘‘America’s demand for wood.” Stanford, California, 1954. U. S. Forest Ser-
vice. 1952 data from T'imber Resources for America’s Future, Wash., D.C., 1958; 1962 data from Timber Trends in the United

States, review draft, Wash., D. C., 1964.
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U. S. Imports and Exports of Wood Products

Percentages of consumption for selected years*

1929 1940 1950 1960

Lumber:

Imports....... ..o 4.1 2.1 8.4 11.0

BXports. . ..o 8.5 2.7 1.3 2.4
Paper:

ImpPOrts. ..o ve e 29.6 28.3 32.1 27.1

EXpOrtS. .t 2.6 3.0 1.5 2.1
Paperboard:

TmpOrts. . oo 0.0 0.0 0.0 0.0

Exports. ..o 1.4 3.7 1.0 3.7
Softwood plywood:

TmpPOrtS. c.v e - - 0.0 0.1

Bxports. .. ..o — — 0.1 0.2
Softwood lumber:

Imports. ... ove e 3.8 1.8 7.7 10.2

BXPOTES . oottt e 7.2 2.2 1.0 1.9
Building paper and board:

Imports. ..ot 3.8 1.3 1.2 3.3

EXpOrtS. oot 5.9 4.0 1.2 1.0

5 * Basi;l lun)lber consumption data in board feet: paper and paperboard data in tons; plywood data in square feet
equivalent).
SourcE: Paper, paperboard and building paper and board data from American Paper and Pulp Association, Operating
and financial statistics, Special statistical studies No. 1, April 30, 1964. Lumber and plywood data from U.S. Forest Ser-
vice, The demand and price situation for forest products—1968, Wash., D.C., 1963.

U. S. Timber Cut in 1962
Sawtimber production
Total timber cut

Percentages by species and ownership*
Softwoods Hardwoods All species

National Forests. ........coovviiiiiiiiiiiiiiii .. 23.4 3.9 17.8
Other public forests.............. ..o, 8.0 4.7 7.1
Forest industry........cooovviuiiieini i 30.2 15.8 26.1
Farmer and miscellaneous private........................ 38.4 75.6 49.0
Percentages by species and ownershipt
National Forests. ........ccovviiiiiiiiiiiiiiniiininn 27.8 3.6 22.1
Other public forests... ...t 9.0 3.8 7.8
Forest Industry.........cooveeiiiiniiiniiiiiiiii e 33.2 15.2 28.9
Farmer and miscellaneous private. ....................... 30.0 77.4 41.2

* Based on cubic foot measure.
t Based on board foot measure, international 1"’ rule.
Source: U. S. Forest Service, Timber trends in the United States, Review draft, Washington, D. C., 1964.



APPENDIX B
THEORETICAL RELATIONSHIPS

Consumer Demand

Consider a group of n consumers in
year ¢t with consumer j (j = 1 ... n)
having a disposable income of e;;. The
classical function expressing the quan-
tity of a good demanded by consumer j
in year t may be written (Allen, 1956)
giit® = fi(pre - . . Pmy, e;), where

¢:;'® = quantity of good ¢ demanded by
consumer j in year ¢t and px; = price of
good k in year ¢ (k = 1 ... m). This
formulation assumes a known utility
function invariant over time, known and
given prices, and utility maximization.
Numerous derivations of aggregate de-
mand functions are possible. One deri-
vation is as follows.

Assume that the jth individual’s demand function is of the form

d)

gijt = Qoj + Q1; P1e - -
Hence
n n
@
¢ = X ao; + e D a1
=1 =1

© T+ Gnipmi + b

ot Dmj 2am,~+ ]Zl:bjejt
b -

If it is assumed that >3 37 p iexe = O, the aggregate function may be written as

ji;fk k

qf’? = Ao + Alplt
where

A4, =

+ A-mpmt + Bet

1)

n n n
2w, B= 2 bj,e= D e
j=1 j=1 =1

This function may be written in terms of average consumer income provided the

coefficient B is modified. For example:

qf“f’ = Ao + Alplt N
where
et’

B’ = nB

° + A-mpmt + Blet'

= ¢,/n = average disposable income

Allowing for the influence of changing where N, = population in year t.

total numbers of consumers over time
via some theoretical derivation was felt
to be too complicated, yet it was appar-
ent that changing numbers of consumers
might both shift the demand schedule
and change its slope. Accordingly, the
function (1) above was modified by the
inclusion of population and per capita
income in place of total income. The
modified function may be written as

)

(d)

qit = f(plt e pmt;e:yNt)

Producer Response

Consider a group of n producers of a
single good in year ¢t with each producer
maximizing profit, having prices given
to him, and having a known continuous
production function. The classical sup-
ply function of the jth producer is (Allen,
1956).

(s)

q;¢ = giPe, Wis -+ Wio) 3)

[761]
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where ¢;;¥ = quantity of the good sup-
plied by producer j in year t, p, = price
of the good in year ¢, and w;; = price of
factor i in year t. ¢ = 1... k. Assuming
that technology and factor prices are
unaffected by the level of industry out-
put, the aggregate supply function for
the good may be written as

qgs) —
where

n
(s) (s)
q: = Z:,qﬂ
fram

= total quantity supplied in year ¢.

The aggregate demand by the group
of producers for an input may be
depicted in a similar manner as

xﬁ"i) = h(Pt y Wi * wkt) y (5)

where z;;® = quantity of input 7 de-
manded in year ¢.

9o, wie - W) 4)

Producer Demand

Consider a consumer good industry
supplied with a secondary producer good
from a secondary industry which in turn
is supplied with a primary producer
good from a primary industry. A simple
supply and demand system using the
type of classical aggregate functions
dealt with in the preceding sections may
be depicted as

¢ = fdpe , po , ©) 6)

2" = gpe , Ps 5 we) @)

0" = fuilpe, ps , we) ®)

0" = 0.0s , pp , W) ©)

%" = fo®s s Dy, W) (10)
where

function (6) represents the demand for
the consumer good

function (7) represents the supply of
the consumer good

77

function (8) represents the demand for
the secondary producer
good

function (9) represents the supply of
the secondary producer
good

function (10) represents the demand
for the primary producer
good

and where

g.? = quantity of the consumer good

demanded

¢.® = quantity of the consumer good
supplied

p. = price of the consumer good

Po = set of prices of “other” con-
sumer goods

e = income

ps = price of the secondary producer
good

w. = set of prices of other inputs in

the consumer good industry
¢s'Y = quantity of the secondary pro-
ducer good demanded
¢s®® = quantity of the secondary pro-
ducer good supplied

pp = price of the primary producer
good
ws = set of prices of other inputs in

the secondary industry

¢, = quantity of the primary pro-
ducer good demanded

¢ = quantity of the primary pro-
ducer good supplied.

Demand for a producer good may also
be expressed in terms of the output of
the demanding industry, for example

(11)

%" = hlgs , p , w3 (12)

where ¢, and ¢, are the outputs of the

demanding industries and w.* and w*,

subsets of w. and w,, are the prices of

inputs competitive with the producer
good.

The partially reduced form functions

qu) = hS(qc y Ps w:)
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are derivable from pairs of functions; for

instance from (6) and (7) we obtain

g = ke(po, €, ps, we) (13)

Pe = lc(po, €, Psy, W) (14)
and from (9) and (11)

% = ki(pp, W, e, ) (15)

Ps = L(pp, Wey ge, We*) (16)

By substituting these reduced form func-
tions for prices and outputs in original
demand equations a further set of pro-
ducer demand equations may be ob-
tained. For instance from (8) and (14)
may be obtained

qid) = f:(pa y We y, Do, 6) (17)

which represents “demand” for a secon-
dary producer good by a consumer good
industry in terms of shifters in the
demand for the consumer good.

Lastly, from (12) and (15) may be
obtained

@)

b = h;(pp y Way Ge w:) (18)

which represents the demand for a pri-
mary producer good by a secondary
industry in terms of the output of the
consumer good industry using the
secondary producer good.



Softwood Lumber Demand
Dependent variable: Q
(1) One-year lag only

APPENDIX C

TEST REGRESSIONS ON LENGTH OF MOVING
AVERAGE PERIOD

5

Constant = 42.20454 R? = 0.87495
Variable Coefficient  Standard error t ratio
X25 0.00072 0.00023 3.16439
X43 0.12139 0.10213 1.18854
X46 0.06280 0.12555 0.50022
X49 —0.48917 0.11273 —4.33935
X60 —8.26865 5.68203 —1.45522
X63 0.04145 0.19056 0.21753

(2) Two-year period

Constant = 38.86065 R? = 0.87336
Variable Coefficient Standard error t ratio
X25 0.00065 0.00021 3.10938
X44 0.13842 0.12417 1.11475
X47 0.09163 0.13038 0.70282
X50 —0.48121 0.12049 —3.99368
X61 —7.38151 5.71092 —1.29252
X64 0.01319 0.24387 0.05411

(3) Three-year period

Constant = 36.58029 R? = 0.85892
Variable Coefficient Standard error t ratio
X3 0.17750 0.18993 0.93458
X4 0.06509 0.15095 0.43119
X5 —0.39543 0.13127 —3.01234
X16 —8.38225 6.53941 —1.28180
X25 0.00071 0.00024 2.89486
X65 —0.10834 0.39390 —0.27506

(4) Four-year period

Constant = 35.12094 R? = 0.85390
Variable Coefficient Standard error t ratio
X25 0.00087 0.00031 2.80213
X45 0.30130 0.32170 0.93656
X48 —0.02054 0.18416 —0.11155
X51 —0.27229 0.13528 —2.01272
X62 —8.09880 8.91324 —0.90862
X66 —0.43875 0.66919 —0.65564

(5) Five-year period

Constant = 32.56151 R? = 0.86212
Variable Coefficient Standard error t ratio
X7 0.36043 0.35527 1.01453
X8 —0.09372 0.18174 —0.51566
X9 —0.13607 0.14169 —0.96033
X17 —8.04653 10.72437 —0.75030
X25 0.00094 0.00027 3.47653
X67 —0.63780 0.71739 —0.88906

[79]

(6) Six-year period

Constant = 51.29502 R? = 0.89528
Variable Coefficient Standard error t ratio
X25 0.00073 0.00011 6.60879
X52 —1.61185 0.32389 —4.97647
X56 0.70703 0.18342 3.85453
X68 0.42369 0.13320 3.18089

(7) Seven-year period

Constant = 22.30384 R? = 0.80459
Variable Coefficient Standard error t ratio
X25 0.00063 0.00014 4.49498
X53 0.00648 0.06303 0.10283
X57 —0.18676 0.07963 —2.34525
X69 —0.16317 0.12129 —1.34531

(8) Eight-year period

Constant = 45.95285 R? = 0.87017
Variable Coefficient  Standard error t ratio
X25 0.00060 0.00010 5.68833
X54 —1.34486 0.53202 —2.52783
X58 0.58979 0.30322 1.94508
X70 0.34037 0.24877 1.36818

(9) Nine-year period

Constant = 46.30634 R? = 0.87153
Variable Coefficient Standard error t ratio
X25 0.00055 0.00010 5.11736
X55 —1.39022 0.64894 —2.14229
X59 0.63310 0.36283 1.74487
X71 0.36239 0.32468 1.11614

(10) Ten-year period

Constant = 65.52824 R2 = 0.90420
Variable Coefficient Standard error t ratio
X13 —2.52225 0.73063 —3.45215
X14 1.25397 0.39750 3.15459
X25 0.00041 0.00010 4.16249
X72 0.93685 0.38244 2.44967

Softwood Plywood Demand
Dependent variable: Q4
1) One-year lag only

Constant = 159.91967 R? = 0.98619
Variable Coefficient Standard error t ratio
X25 0.13722 0.02168 6.32719
X43 —28.59261 12.88531 —2.21900
X46 2.59528 12.08276 0.21479
X63 —7.92876 23.54358 —0.33676

(2) Two-year period
Constant = —806.91145 R2? = 0.98491
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Softwood Plywood Demand—Continued Variable Coefficient Standard error t ratio
Variable Coefficient  Standard error t ratio X25 0.08735 0.01231 7.00483
X X43 7.37756 7.31560 1.00846
%5 0.11802 002400  4.91779 X46 —43.75211  6.85095 —6.37789
X44 —35.72550  15.70021 —2.27547 X63 7 95450 13.36680 —0 54273

X47 16.80775  10.96115  1.53339
X64 4.68395  29.66537  0.15789
(3) Three-year period

(2) Two-year period
Constant = 3061.99110 R2 = 0.98246

Constant = —1550.93280 R2 = 0.98283 Variable Coefficient  Standard error t ratio
X25 0.09120 0.01239 7.36116
Variable Coefficient  Standard error t ratio X44 13.02504 8.10537 1.60696
X3 —51.67440 21.54098 —2.39888 X47  —41.44110 5.65879 —7.32331
X4 28.14608 10.84781 2.59463 X64 —20.06865 15.31501 —1.31039
X25 0.09219 0.03239 2.84595 (3) Three-year period
X65 35.69696 43.30245 0.82436 Constant = 2755.96130 R? = 0.98011
(4) F our-year period Variable Coefficient Standard error t ratio
Constant = —2195.89460 R? = 0.98121 X3 15.79187  11.00934  1.42277
. . . X4 —36.63968 5.58950 —6.55508
Variable Coefficient Standard error t ratio X25 0.08872 0.01669 5.31505
X25 0.05553 0.03949 1.40586 X65 —26.44855 22.31229 —1.18537
X45 —78.71920 27.47136 —2.86550 (4) Four-year period
X148 38.49789 10.32326 3.72923 Constant = 2485.69860 R2 = 0.97718
X 66. 90. 2044'3 56.78244 1.58859 Variable Coefficient  Standard error t ratio
(5) Five-year period
Constant = —2537.09630 R? = 0.97812 X25 0.08485  0.02084  4.07132
X145 17.08046 14.49633 1.17826
Variable Coefficient  Standard error t ratio X48  —32.24512 5.44747  —5.91927
X7 —82.83658 27.75043 —2.98505 (gﬁgive ;zzr’liiif)d 29.96346  —0.99195
X8 43.12233  9.53119  4.52433 . 2
X25 0.05324 0.03690 144292 Constant = 2334.71600 R? = 0.97637
X67 96.39470 56.56761 1.70406 Variable Coefficient  Standard error ¢ ratio
Building Paper and Board X7 17.28538 13.80763 1.25187
Dependent variable: Q6 X8 —29.57479 4.74239 —6.23626
(1) One-year lag only X25 0.08115 0.01836 4.41977

Constant = 3198.04030 R? = 0.98058 X67  —30.56872 28.14608 —1.08607



'APPENDIX D

KEY TO NOTATION

Notations in the text of the report, such as P1, refer to a predicted value of a
variable from a reduced form equation.
P1 = index of lumber prices (1947-49 = 100)
P2 = index of paper prices (1947-49 = 100)
P3 = index of paperboard prices (1947-49 = 100)
P4 index of softwood plywood prices (1947-49 = 100)
P5 = price of softwood lumber (dollars per thousand board feet)
P6 = index of building paper and board prices (194749 = 100)
P7 = price of Douglas fir sawlogs (dollars per thousand board feet)
P8 = price of pulpwood, f.o.b. mill (dollars per cord)

It

P9 = price of Douglas fir peeler logs (dollars per thousand board feet)
P10 = price of softwood sawlog stumpage (dollars per thousand board feet)
Q1 = consumption of lumber (billions of board feet)

Q2 = consumption of paper (thousands of tons)

Q3 = consumption of paperboard (thousands of tons)

Q4 = consumption of softwood plywood (millions of square feet 34"’ basis)
Q5 = consumption of softwood lumber (billions of board feet)

Q6 = consumption of building paper and board (thousands of tons)

X1 = index of wallboard prices (194749 = 100)

X2 = average price of lumber over the previous 3 years

X3 = average price of softwood plywood over the previous 3 years
X4 = average price of building board over the previous 3 years
X5 = average price of wallboard over the previous 3 years

X6 = average price of lumber over the previous 5 years
X7 average price of softwood plywood over the previous 5 years
X8 = average price of building board over the previous 5 years
X9 = average price of wallboard over the previous 5 years
X10 = average price of clay products over the previous 5 years
X11 = average price of structural steel over the previous 5 years
X12 = average price of lumber over the previous 10 years
X13 = average price of clay products over the previous 10 years
X14 = average price of structural steel over the previous 10 years
X15 = wage of construction workers (dollars per hour)
X16 = average wage of construction workers over the previous 3 years
X17 = average wage of construction workers over the previous 5 years
X18 = value of new private residential construction (millions of dollars)
X19 = value of new private non-residential construction (millions of dollars)
X20 = value of public construction (millions of dollars)
X21 = value of maintenance and repair construction (millions of dollars)
X22 = index of manufacturing production (1947-49 = 100)
X23 = population (millions)
X24 = per capita disposable income (thousands of dollars)
[81]
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X25 =
X26 =
X27 =
X28 =
X29 =
X30 =
X31 =
X32 =
X33 =
X34 =
X35 =
X36
X37
X38 =
X39 =
X40 =
X41 =
X42
X43 =
X44 =
X45 =
X46 =
X47 =
X48 =
X49 =
X50 =
X51
X52 =
X53 =
X54 =
X55 =
X56 =
X57 =
X58 =
X59 =
X60 =
X61 =
X62 =
X63 =
X64 =
X65 =
X66 =
X67 =
X68 =
X69 =
X70 =
X71 =

McKillop : Supply and Demand for Forest Products

value of total construction (millions of dollars)

freight rates (cents per ton mile)

trend (1929 = 1,1930 = 2...1960 = 32)

wages in sawmills (dollars per hour)

index of electric power prices (1947-49 = 100)

lumber tariff (dollars per thousand board feet)

rate of exchange (U. S. dollars per Canadian dollar)

wages in pulp and paper (dollars per hour)

index of prices of petroleum products (194749 = 100)
consumer price index (194749 = 100)

per capita personal consumption expenditure (thousands of dollars)
lumber price for the previous year

average lumber price over the previous 2 years

average lumber price over the previous 4 years

average lumber price over the previous 6 years

average lumber price over the previous 7 years

average lumber price over the previous 8 years

average lumber price over the previous 9 years

average plywood price over the previous year

average plywood price over the previous 2 years

average plywood price over the previous 4 years

average building board price over the previous year
average building board price over the previous 2 years
average building board price over the previous 4 years
average wallboard price over the previous year

average wallboard price over the previous 2 years

average wallboard price over the previous 4 years

average clay products price over the previous 6 years
average clay products price over the previous 7 years
average clay products price over the previous 8 years
average clay products price over the previous 9 years
average structural steel price over the previous 6 years
average structural steel price over the previous 7 years
average structural steel price over the previous 8 years
average structural steel price over the previous 9 years
wage of construction workers in the previous year

average wage of construction workers over the previous 2 years
average wage of construction workers over the previous 4 years
price of softwood lumber for the previous year

average price of softwood lumber over the previous 2 years
average price of softwood lumber over the previous 3 years
average price of softwood lumber over the previous 4 years
average price of softwood lumber over the previous 5 years
average price of softwood lumber over the previous 6 years
average price of softwood lumber over the previous 7 years
average price of softwood lumber over the previous 8 years
average price of softwood lumber over the previous 9 years
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X72 =
X73 =
X714 =
X75 =
X76 =
X77 =
X78 =
X79 =
X80 =
X81 =
X82 =
X8 =
X84 =
X85 =
X86 =
X87 =
X88 =

average price of softwood lumber over the previous 10 years
productivity in sawmilling

productivity in pulp and paper

ratio past 5 year prices softwood plywood/softwood lumber (X7/X67)
ratio past 5 year prices building board/softwood lumber (X8/X67)
ratio past 5 year prices wallboard/softwood lumber (X9/X67)

ratio past 10 year prices clay products/softwood lumber (X13/X72)
ratio past 10 year prices structural steel/softwood lumber (X14/X72)
ratio past 5 year prices softwood lumber/building board (X67/X8)
ratio past 5 year prices softwood plywood/building board (X7/X8)
ratio past 5 year prices wallboard/building board (X9/X8)

ratio past 5 year prices softwood lumber/softwood plywood (X67/X7)
ratio past 5 year prices building board/softwood plywood (X8/X7)
ratio past 5 year prices wallboard/softwood plywood (X9/X7)
dummy variable, 0 for 1929 to 1941, 1 for 1947 to 1960

index of prices of structural clay products

index of prices of structural steel shapes



APPENDIX E

DATA

Description and Source of Data

Price of Lumber: P1

Description: BLS wholesale price index for all lumber (1947-49 = 100)

Source: U. 8. Department of Labor, Bureau of Labor Statistics, “Wholesale
prices and price indexes,” “Prices and price relatives for individual
commodities,” ‘“Handbook of labor statistics.” Various dates of
publication.

Price of Paper: P2
Description: BLS wholesale price index for all paper (194749 = 100)
Source: Asin P1.

Price of Paperboard: P3

Description: A weighted average price index (194749 = 100) prepared using
consumption data and price indexes for building board and paper-
board (excluding building board).

Source: Price data as in P1. Consumption data as in Q2 below.

Price of Softwood Plywood: P4

Description: Price index (1947—49 = 100) for Douglas fir interior grade (average
A-D) f.o.b. Chicago. Data prior to 1936 estimated, using reduced
form equations from preliminary studies.

Source: U. S. Forest Service, ‘“Timber Resources for America’s Future,”
Washington, 1958. U. S. Department of Labor, Bureau of Labor
Statistics, “Wholesale prices and price indexes.” Various dates of
publication.

Price of Softwood Lumber: P5

Description: Average price for Douglas fir, southern pine and ponderosa pine
lumber weighted by shipments. Dollars per thousand board feet.

Source: Data prior to 1951 from I. I. Holland, “Factors affecting the con-
sumption of lumber in the United States,” Ph.D. thesis, University
of California, 1955. Douglas fir and ponderosa pine prices from
Western Pine Association, ‘“Statistical summary.” Various years.
Southern pine prices estimated from wholesale price index for No. 2
boards from U. S. Bureau of Labor Statistics, ‘“Wholesale prices and
price indexes.” Various years. Shipments data see X15 below.

Price of Building Paper and Board: P6

Description: BLS wholesale price index (194749 = 100) for building paper and
board.

Source: As in P1.

Price of Sawlogs: P7

Description: Douglas fir sawlog prices in western Oregon and western Washing-

ton. Average grade. Dollars per thousand board feet.

[84]
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Source: U. S. Congress, House Document 195, 85th Congress, 1st Session,
“Price trends and relationships for forest products.” Data for years
after 1955 from Pacific Northwest Forest and Range Experiment
Station by correspondence.

Price of Pulpwood: P8
Description: Price of pulpwood f.o.b. mill in dollars per cord. Certain years after
1947 estimated from prices at local delivery points.

Source: F.o.b. mill prices from U. S. Bureau of the Census, ‘“Census of
manufactures.” Various years. Local delivery prices from U. S.
Forest Service, “The demand and price situation for forest prod-
ucts,” 1962.

Price of Peeler Logs: P9

Description: Douglas fir peeler log prices in western Oregon and western Wash-
ington. Average grade. Dollars per thousand board feet.

Source: As in P7.

Price of Softwood Sawtimber: P10

Description: Average price for Douglas fir, southern pine, ponderosa pine stump-
age weighted by shipments of lumber of these species. Data primar-
ily from National Forest sales. Dollars per thousand board feet.

Source: Price data from U. 8. Forest Service, “The demand and price situ-
ation for forest products,” 1962. Shipments data see X15 below.

Quantity of Lumber Consumed: Q1

Description: “Apparent consumption” of all lumber in billions of board feet.
(Apparent consumption is domestic production plus imports less
exports.)

Source: U. S. Forest Service, ‘The demand and price situation for forest
products—1963.”

Quantity of Paper Consumed: @2

Description: “Apparent consumption” of all paper (including newsprint) and
construction paper in thousands of tons.

Source: American Paper and Pulp Association, “Operating and financial
statistics,” Special statistical studies no. 1, April 30, 1964.

Quantity of Paperboard Consumed: Q3 ’

Description: “Apparent consumption” of paperboard, wet machine board and
insulating and hard-pressed board in thousands of tons.

Source: As in Q2.

Quantity of Softwood Plywood Consumed: @4

Description: Data prior to 1950 estimated from Douglas fir production data. Later
data adjusted for imports and exports. Millions of square feet 34"
basis.

Source: Production data from The Timberman, “Annual plywood supple-
ment.” Various years. Data after 1951 from U. S. Forest Service as
in Q1 and from U. S. Department of Commerce, Business and
Defense Services Administration, ‘“Softwood Plywood Industry—
Outlook,” 1958.

Quantity of Softwood Lumber Consumed: Q5
Description: Total shipments from U. S. mills of Douglas fir, southern pine and
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ponderosa pine lumber plus imports of Douglas fir. Billions of
board feet.

Source: Data prior to 1951 from Holland, see P9. Shipments data from
U. 8. Department of Commerce, “Business Statistics.” Various
editions. Imports data from U. S. Department of Commerce,
“United States imports of merchandise for consumption.” Various
years.

Quantity of Building Paper and Board Consumed : Q6

Description: Apparent consumption of construction paper and board in thou-
sands of tons.

Source: As in Q2.

Price of Wallboard: X1

Description: BLS wholesale price index (194749 = 100) for gypsum wallboard.
Data prior to 1947 estimated from BLS wholesale price index for
plaster board.

Source: Asin P1.

Price of Clay Products: X87

Description: BLS wholesale price index (194749 = 100) for structural clay
products.

Source: Asin P1.

Price of Structural Steel: X88

Description: BLS wholesale price index (194749 = 100) for structural steel
shapes.

Source: Asin P1.

Wages in Construction: X15

Description: Wage rates for skilled labor in construction. Dollars per hours.

Source: U. S. Department of Commerce, “Business Statistics,” various
editions.

Index of Manufacturing Production: X22

Description: Federal Reserve Index of production for ‘“total” manufacturing
(194749 = 100).

Source: As in X15.

Population: X23

Description: Total population of the United States including armed forces over-
seas. In millions.

Source: U. S. Bureau of the Census, “Statistical abstract of the United
States,” 1962.

Per Capita Disposable Income: X24

Description: Total disposable personal income divided by population. In thou-
sands of dollars.

Source: Population as in X23. Income as in X15

Value of Total Construction: X25
Description: Value of total new construction (public and private) and mainte-

nance and repair. Data on maintenance and repair estimated for
1961 and 1962. In millions of dollars.
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Source: U. S. Departments of Labor and Commerce, ‘“‘Construction Review”
and supplement ‘Construction volume and cost, 1915-1956.”
Various years.
Freight Rates: X26
Description: Revenue per ton-mile, freight service, all railroads, in cents.
Source: Interstate Commerce Commission, Bureau of Transport Economics
and Statistics. Annual report. Various years.
Wages in Sawmills: X28
Description: Average hourly earnings in sawmills and planing mills, in dollars.
Source: As in X15.
Price of Electric Power: X29
Description: BLS wholesale price index (1947-49 = 100) for electricity.
Source: Asin X15
Tariff on Lumber: X30
Description: Duty imposed under paragraph 401 of the Tariff Act of 1930 plus
import tax imposed under the Revenue Act of 1932, for major types
of imported softwood lumber. In dollars per thousand board feet.
Source: U. S. Tariff Commission, “Softwood Lumber,” 1963.
Rate of Exchange: X31
Description: U. S. dollars per Canadian dollar.

Source: U. S. Federal Reserve System, Board of Governors, ‘“Federal
reserve bulletin,” and “Banking and monetary statistics.” Various
years.

Wages in Pulp and Paper: X32
Description: Average hourly earnings in pulp, paper and paperboard mills in
dollars. Data prior to 1932 estimated from average hourly earnings
in factories.
Source: As in X15.
Price of Petroleum Products: X33
Description: BLS wholesale price index (1947—49 = 100) for petroleum and
petroleum products.
Source: Asin X15.
Consumer Price Index: X34
Description: BLS consumer price index (194749 = 100) for all items.
Source: As in X15.
Productivity in Sawmilling: X73
Description: U. S. lumber production divided by employment in the lumber and
wood products industry. Thousands of board feet per man year.
Source: Production data as in Q1. Employment data as in X15.
Productivity in Pulp and Paper: X74
Description: U. S. production of paper and paperboard divided by number of
production workers employed in pulp, paper and paperboard mills.
Thousands of tons per man year.
Source: Production data as in Q2. Employment data as in P8, and American
Paper and Pulp Association, “Industry fact sheet.” Various years.
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Basic Data Used in Investigation

Lumber Paper Paperboard %?;tvvvvggg Sl'i‘ﬁ?bﬁd
consumption consumption consumption consumption consumption

Year (Qn), (Q2), (Q3), (Q4), )

board foot Ut et tona aiaee foot board fost
1929.......... 37.6 9108 4303 358 21.1
1930........... 28.2 8401 3917 305 14.5
1931.......... 19.0 7625 3729 235 10.9
1932.......... 12.7 6517 3216 200 8.0
1933.......... 16.3 6944 3973 390 9.7
1934. ......... 17.8 7312 3977 384 9.0
1935.......... 23.3 8174 4583 480 12.3
1936.......... 25.7 9308 5343 700 15.5
1937.......... 25.9 10351 5677 725 16.6
1938.......... 23.6 8575 4968 650 15.1
1939.......... 28 .4 10005 5943 1032 17 .4
1940.......... 34.3 10616 6142 1200 21.1
1941.......... 36.2 12133 8289 1805 23.5
1947.......... 33.8 14436 10314 1700 21.0
1948.......... 36.4 15376 10707 1954 21.5
1949.......... 34 .4 14788 9907 1977 21.8
1950. . ........ 40.7 16752 12259 2678 24.3
1951.......... 38.0 17688 12873 2998 25.2
1952.......... 39.7 16913 12104 3166 26.4
1953.......... 38.1 17598 13762 3840 24.7
1954.......... 39.2 17780 13599 3991 25.6
1955.......... 40.3 19291 15428 5285 26.5
1956.......... 40.0 20726 15770 5428 25.8
1957.......... 36.7 19793 15474 5644 23.4
1958. ......... 36.3 19482 15636 6477 24 .4
1959.......... 40.0 21540 17185 7693 26.2
1960.......... 35.7 21943 17196 7999 23.8
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Building paper

and board con- Softwood
Year S onds BN ek (e - U o e e
of tons 1947-49 = 100 1947-49 = 100 1947-49 = 100 1947-49 = 100

1929........ 786 31.2 62.7 51.2 44.9
1930........ 568 28.5 62.6 43 .4 41.5
1931........ 495 23.1 60.6 37.3 34.0
1932........ 355 19.4 56.6 36.1 28.0
1933........ 351 23.5 54.0 44.1 31.3
1934........ 384 28.1 56.4 50.2 35.9
1935........ 503 27.2 56.6 45.0 33.1
1936........ 634 28.9 57.0 45.4 33.6
1937........ 700 33.1 60.6 52.3 33.5
1938........ 673 29.0 61.8 46.0 32.9
1939........ 755 31.0 60.2 46.7 33.7
1940........ 840 34.2 63.1 52.4 35.1
1941........ 1532 40.7 66.3 58.8 39.1
1947........ 2333 94.5 93 .4 98.0 89.3
1948........ 2579 107.3 102.8 102.2 113.5
1949........ 1979 98.2 103.8 99.8 97.2
1950........ 2647 114.5 106.5 105.5 112.0
1951, ....... 2652 123.6 119.1 128.4 117.3
1952, ....... 2604 120.5 124.0 125.1 107.2
1953........ 2743 119.3 125.6 123.8 107.1
1954........ 2914 117.3 126.6 125.1 103.0
1955. . ...... 3260 124 .4 129.8 127.8 106.1
1956. ....... 3116 127.2 137.3 135.2 97 .4
1957........ 2928 119.7 141.9 137.2 88.7
1958........ 3104 118.0 142.3 137.5 89.6
1959........ 3439 127.1 143 .4 138.0 95.2

1960........ 3266 121 .4 145.4 137.1 82.6
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Softwood Building paper Sawlog Pulpwood

Year Iuml();r price and bt{); X price yz;%e ?;;g)e
dollars per thou- index, dollars per thou- dollars

sand board feet 1947-49 = 100 sand board feet per cord

1929 .. ... 25.8 86.5 16.00 13.09
1930. .. ... ...l 22.1 84.5 15.50 12.32
1931. ... ... 16.3 79.3 11.00 10.94
1932. ...l 13.7 78.1 9.50 9.19
1933. . ... 16.9 76.9 9.50 7.37
1934. .. ... 21.8 79.3 11.00 7.73
1935. ... .. 19.8 7.7 11.50 7.64
1936. . .. ... 21.3 77.7 14.00 7.71
1937. ... 24.5 79.3 15.50 7.90
1938. ... ... 21.0 79.3 14.50 8.10
1939. .. ... 22.4 79.3 14.50 7.82
1940. .. ... ... 25.3 79.3 15.50 7.99
1941. ... .. Ll 30.7 79.3 17.00 8.33
1947. .. . 68.1 93.3 33.70 15.62
1948. .. ... 7.1 102. 39.30 16.61
1949. ... ... 68.8 104.1 39.00 15.62
1950 ... ...l 78.1 107.7 44.70 16.90
1950 .. .o 88.3 113.6 47.90 19.60
1952, . ... .o 86.4 115.7 50.60 19.74
1953. .. .o 84.0 121.7 48.00 19.74
1954, . ... 80.9 127.7 48.10 19.88
1955. . ... o 86.7 130.9 52.20 20.45
1956. ... ...l 89.1 136.9 55.10 21.87
1957 83.4 141.5 52.80 22.01
1958. ... ... 81.2 143.2 53.10 22.15
1959. . ... ...l 88.2 146 .4 57.70 22.72
1960. . .............. ... .. 83.5 145.7 58.40 23.43
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Peeler Softwood Wallboard Tfm’é:“

log price stumpage price price lumber price
Year (P9), &’10), (X1), (X2)
dollars per thou- dollars per thou- index, index,

sand board feet sand board feet 1947-49 = 100 1947-49 = 100
1929. .. ... 34.20 3.23 70.7 31.4
1930. . .. ... 34.20 3.31 74 .4 30.7
1931. ... 23.90 3.35 74.4 29.9
1932. ... ... 21.70 2.36 74.4 27.6
1933. .. ... 21.70 2.13 74 .4 23.7
1934. ... ... 25.40 2.34 74 .4 22.0
1935. .. ..o 25.40 3.12 74 .4 23.7
1936. .. ...l 25.00 3.36 74 .4 26.3
1937. .. . 27.50 3.32 66.0 28.1
1938. .. ... 29.00 4.74 65.7 29.7
1939. ... ...l 27.50 3.90 65.4 30.3
1940, ... ... 28.00 3.36 65.1 31.0
1941, .. ... oo 32.00 6.55 65.1 31.4
147, . ... 56.40 10.03 95.0 53.9
148. .. ... 79.70 17.44 102.5 68.4
1949. .. ..o 74.90 15.60 102.5 87.0
1950. .. ..o 89.40 20.66 104 .4 100.0
1951, ..o 96.50 30.84 117 .4 106.7
1952, .. .o 96.00 30.43 117 .4 112.1
1953. .. ... 96.30 26.06 120.2 119.5
1954. ... ..., 94.80 23.71 121.1 121.1
1955, . ... o 96.30 28.85 121.1 119.0
1956. .. ..o 99.10 34.05 124.9 120.3
1957 .o 98.70 27.03 124.9 123.0
1958. ... .. 95.70 23.38 129.5 123.8
1959. .. .. ool 97.10 30.57 130.4 121.6

1960. . ... .. ... 100.10 28.15 130.5 121.6
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Three-year average Three-year average Three-year average Five-year

softwood uilding wallboard average lum-
Year plyv‘vo)o{g)pnoe boz?.zsi( 41;1"109 1();;()3 bz.az' fﬁr)me
19471:14?: 100 19471-1-14%(3: 100 1947134%0: 100 19471-1-]4%e: 100

1929. . ... ool 49.8 100.2 76.7 32.1
1930. .. ... ...l 46.8 94.2 73.9 31.8
1931. .. ..o 44.2 89.5 73.2 30.8
1932. .. ... ..ol 40.1 83.4 73.2 28.8
1933. ..ot 34.5 80.6 74.4 26.5
1934. .. ... 31.1 78.1 74 .4 25.1
1935. .. .. 31.7 78.1 74 .4 24.5
1936. . ...l 33.4 78.0 74.4 24.3
1937. .. ..o 34.2 78.2 74.4 25.4
1938. .. .. 33.4 78.2 71.6 28.2
1939. ... ...l 33.3 78.8 68.7 29.3
1940. .. ... ol 33.4 79.3 65.7 29.8
1941. .. ... oL 33.9 79.3 65.4 31.2
1947 .. . 47.2 80.5 71.4 50.6
1948. .. ... 62.4 85.1 81.3 60.6
1949. .. .. ool 85.7 92.9 92.5 72.7
1950. .. ...l 100.0 100.0 100.0 82.2
1951. .. ... 107.6 104.8 103.1 94.8
1952, .. o 108.8 108.5 108.1 107.6
1953. .. .o 112.2 112.3 113.1 112.8
1954, .. ...l 110.5 117.0 118.3 115.2
1955. .. . 105.8 121.7 119.6 119.0
1956. ... ...l 105.4 126.8 120.8 121.0
1957, .. ...l 102.2 131.8 122 .4 121.7
1958. .. ..o 97 .4 136.4 123.6 121.6
1959. .. ..ol 91.9 140.5 126.4 121.3

1960. ................... 91.2 143.7 128.3 123.3
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Five-year average  Five-year average  Five-year average Five-year

softwood building wallboard average clay

plywood price board price price products price
e = ) & )

1947-49 = 100 1947-49 = 100 194749 = 100 1947-49 = 100
1929. ... ... 52.7 102.8 78.1 65.1
1930. ... 50.0 99.5 76.6 63.7
1931. ... 47.1 94.3 75.1 62.0
1932. ... ... 43 .2 89.3 74.1 59.7
1933. ... ..o 38.9 85.2 73.7 57.0
1934. ... ... 35.9 81.1 73.7 54.8
1935. .. ... 34.1 79.6 74 .4 54.8
1936. . . ..o 32.5 78.3 74 .4 55.0
1937. ..o 32.4 77.9 74.4 55.8
1938. .. ... 33.5 78.2 72.7 58.0
1939. .. .. 33.8 78.7 71.0 59.7
1940. .. ...l 33.4 78.7 69.2 59.9
R 33.8 79.0 67.3 60.4
1947, . 44.6 80.0 69.0 72.5
1948. . ... 54.7 82.8 74.9 77.2
1949. .. ... Ll 68.9 87.5 82.3 84.2
1950. .. ... 79.6 92 .4 89.8 91.8
1951. .. ... 93.2 98.1 96.9 99.3
1952, .. ... o 105.9 104.3 104 .4 106.8
1953 . .. . 109.4 108.8 108.8 112.5
1954, .. ... L 108.2 112.6 112 .4 117.9
1955. ... .o 109.3 117.3 116.1 123 4
1956. ... ... ... 108.1 121.9 119.4 128.9
1957 . ..o 104 .2 126.6 120.9 134.3
1968. ... ..ol 100.5 131.7 122 .4 140.7
1959. ... ... oL 97.0 136.0 124.3 146.3

1960. . ........ ... 95.4 139.8 126.2 151.8
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Five-year average = Ten-year average Ten-year average ’Esfx;z;:r
el price iy ey ;’é‘éﬂ“"‘ steel priee
Year (X11) X12) (X13) (X14)
194;3(39: 100 1947i3ge:' 100 19471-114%8: 100 1947—%‘1:"100

1929. ... 63.6 35.2 66.8 68.8
1930. . ... 61.6 34.6 66.8 66.9
1931.................... 59.7 32.0 64.8 63.3
1932.................... 57.6 31.3 63.2 62.0
1933. ... ...l 55.8 30.0 61.6 61.5
1934. ... 54.3 28.6 60.0 59.0
1935. .. ...l 53.4 28.1 59.2 57.5
1936. . .................. 54.0 27.5 58.5 56.8
1937. ... ... 55.5 27.1 57.7 56.5
1938. . ... 59.6 27.3 57.5 57.7
1989. . ........... ... ... 63.1 27.2 57.3 58.7
1940, ................... 65.1 27.2 57.3 59.3
1941, ... ... ... ..., 67.1 27.8 57.7 60.5
1947 o 68.8 42.1 67.2 68.7
1948. .. ... 72.2 48.2 70.4 70.0
1949. .. ... 79.3 56.1 74.6 73.4
1950. . .................. 88.3 62.8 78.9 77.9
1951, ...l 99.1 70.8 84.0 83.2
1952. . ... 109.9 79.1 89.7 89.3
1953. .. ...l 119.2 86.7 94.9 95.7
1954 . . ...l 126.2 94.0 101.0 102.8
1965. . ... ... L. 132.5 100. 107.6 110.4
1956. ... ... 138.6 107.9 114.1 118.8
1957. ... 145.5 114.7 120.5 127.7
1958. .. ...l 156.8 117.2 126.6 138.0
1959. ... ...l 168.2 118.3 132.1 147.2

1960. . ....... ... ... 179 .4 121.2 137.6 155.9
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Value of
private
Wages in co‘l;xvsﬁfxscéix:)n cof:vsifﬁscti.am c::sig:xl::ttiiaoln

Year conzs}t(rllggfion three-year a'verage ﬁve-y(e;; ;"’erage o {E(l)i)s. of
dollars per hour dollars per hour dollars per hour dollars

1929. ... ..ol 1.360 1.310 1.270 3625
1930. . .. ...l 1.380 1.340 1.300 2075
1931. ... 1.270 1.360 1.340 1565
1932. ... ... 1.020 1.337 1.340 630
1933. ... ... 1.006 1.223 1.280 470
1934. ... ...l 1.097 1.099 1.207 625
1935. .. ... 1.093 1.041 1.155 1010
1936. ... ... 1.149 1.065 1.097 1565
1937. ... 1.321 1.113 1.073 1875
1938. .. ... 1.413 1.188 1.133 1990
1939. ... ... 1.443 1.294 1.215 2680
1940, ... ... 1.473 1.392 1.284 2985
1941. ... ...l 1.495 1.443 1.360 3510
1947 ... 2.019 1.697 1.654 7535
1948. ... .. 2.248 1.825 1.745 10122
1949. . ... ..o 2.411 2.021 1.871 9642
1950. ... ... ...l 2.518 2.226 2.027 14100
1951, ... oo 2.669 2.392 2.198 12529
1952. ... ...l 2.842 2.533 2.373 12842
1953. .. .o 3.009 2.676 2.538 13777
1954. ... . 3.134 2.840 2.690 15379
1955. . ... 3.237 2.995 2.834 18705
1956. . .. ... 3.371 3.127 2.978 17677
1957. .. . 3.532 3.247 3.119 17019
1958. .. . . 3.692 3.380 3.257 18047
1959. .. ... 3.861 3.532 3.393 24962

1960. . ... 4.031 3.695 3.539 22546
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Value of private Value of Value of Index of

non-residential public maintenance manufacturing
construction construction and repair, production
Year (X19), (X20), (X21), (X22)
millions of millions of millions of index,
dollars dollars dollars 1947-49 = 100

1929. ... ... 4682 2486 4201 58
1930. .. ... 3808 2858 3874 48
1931, .. ... 2203 2659 3232 39
1932. . ... ...l 1046 1862 2576 30
1933. ... ... 761 1648 2478 36
1934, .. ... 884 2211 2942 39
1935. .. ... 989 2233 3145 46
1936. . ................... 1416 3516 3795 55
1937. . ..o 2028 3096 3895 60
1938. . ... 1570 3420 3884 46
19839. .. ...l 1709 3809 3978 57
1940, .. ... 2069 3628 4119 66
1941, ...l 2696 5751 4485 88
1947, .. o 6946 3434 10374 100
1948. ... .o L 8273 4827 11801 103
1949. .. ... 8117 6404 11966 97
1950. .. ... ... . ..., 8854 7001 12084 113
1950 ... 10791 9419 13386 121
1952, .. ... 11007 10901 14153 125
1953. . ... ...l 11947 11394 14379 136
1954. .. ... L 12300 11922 14666 127
1955. .. ..o 13915 11961 15843 146
1956. .. ...l 15390 12748 16978 150
1957 .. .o 16747 14079 17920 150
1958. .. ... 15446 15457 17846 138
1959. . ... 15382 16211 19252 158

1960. . ....... ... .. 17057 15953 19556 162
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Per capita Value of total Freight
i tes

Population income construction ra/ Trend
Year (X23), (X24), (X25), (X26), (X27)
in millions thousands millions cents per
of dollars of dollars ton mile

1929......... 121.8 0.68 14994 1.088 1
1930......... 123.2 0.60 12615 1.074 2
1931......... 124.1 0.51 9659 1.062 3
1932......... 124.9 0.39 6114 1.056 4
1933......... 125.7 0.36 5357 1.009 5
1934......... 126.5 0.41 6662 0.989 6
1935. . ....... 127 .4 0.46 7377 0.998 7
1936......... 128.2 0.52 10292 0.984 8
1937......... 129.0 0.55 10894 0.945 9
1938......... 130.0 0.50 10864 0.994 10
1939......... 131.0 0.54 12176 0.983 11
1940......... 132.1 0.58 12801 0.955 12
1941. 133 .4 0.70 16442 0.944 13
1947......... 144.1 1.18 28289 1.085 19
1948......... 146.6 1.29 35023 1.262 20
1949......... 149.2 1.27 36129 1.352 21
1950. ........ 151.7 1.37 42039 1.341 22
1951......... 154.4 1.47 46125 1.348 23
1952, ........ 157.0 1.52 48903 1.443 24
1953......... 159.6 1.58 51497 1.491 25
1954......... 162.4 1.58 54267 1.433 26
1955......... 165.3 1.66 60424 1.382 27
1956......... 168.2 1.74 63012 1.396 28
1957......... 171.2 1.80 65765 1.457 29
1958......... 174.1 1.82 66796 1.477 30
1959......... 177.3 1.90 75807 1.459 31
1960......... 180.7 1.95 75112 1.417 32
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Price of 'Il‘slx.rig)&n eséal:'::g‘e
Wages in electric power (X30), (X31),
Year sawmills (X29) dollars per U. 8. dollars
dollaray 321 hour 104730 = 100 Towrd fast Per ot e

1929. .. ...l 0.395 143.6 1.00 0.992
1930. . ... 0.385 148.5 1.00 0.998
1931. .. .o 0.359 150.2 1.00 0.963
1932. ... oo 0.306 159.1 4.00 0.881
1933. .. oo 0.300 143.2 4.00 0.920
1934. .. ...l 0.389 139.5 4.00 1.010
1935. ... 0.387 133.4 4.00 0.995
1936. ... ... 0.398 126.7 2.00 0.999
1937. .. ..o 0.438 122.1 2.00 1.000
1938. ... 0.446 128.9 0.50 0.994
1939. .. ... 0.476 119 .4 0.50 0.960
1940. ... ... 0.501 113.1 0.50 0.851
1941. ... 0.550 103.7 0.50 0.873
1947 ... 1.140 98.0 0.50 0.920
1948. .. o 1.249 99.2 0.50 0.920
1949. . ... ...l 1.290 102.8 0.50 0.930
1950. .. ..o 1.350 100.1 0.25 0.915
1950, .. oo 1.460 98.1 0.25 0.949
1952, ... 1.550 98.9 0.25 1.021
1953. .. oo 1.610 99.1 0.25 1.016
1954. .. ..ol 1.630 101.8 0.25 1.027
1955. .. oo 1.680 97.0 0.25 1.014
1956. . ... ...l 1.770 94.2 0.25 1.016
1957. .. ... 1.810 95.5 0.25 1.043
1958. .. ... 1.890 100.4 0.25 1.030
1959. . ..o 1.970 100.8 0.25 1.043
1960. .. ...l 2.030 101.9 0.25 1.031
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Price of

Wages in petroleum Consumer Productivity
Year pulp(:};lzgfaper pr(c;(i:;g;ts F}?lf:) in sawmil.ling

dollars index, index, thousands of board

per hour 1947-49 = 100 1947-49 = 100 feet per man year
1929. .. ..ol 0.53 69.9 73.3 55.0
1930. . . ... 0.53 60.4 71.4 50.8
1931. ... 0.50 38.7 65.0 44.7
1932. ... ...l 0.46 44.5 58.4 38.9
1933. ... 0.44 40.2 55.3 45.4
1934. .. ...l 0.52 49.5 57.2 39.5
1935. ... . oo 0.54 50.3 58.7 43.5
1936. ... ..o 0.54 56.2 59.3 46.0
1937 ... 0.61 59.3 61.4 41.9
1938. .. .o 0.63 54.9 60.3 46.5
1939. ... ... 0.63 51.2 59.4 39.7
1940. ... ...l 0.66 49.0 59.9 40.8
1941. .. . oo 0.71 55.9 62.9 40.2
1947 ... 1.22 88.2 95.5 45.3
1948. ... ool 1.36 111.7 102.8 49.0
1949. ... ...l 1.41 100.1 101.8 47.5
1950. .. ... 1.48 103.7 102.8 51.1
1951, .. ... o 1.60 110.5 111.0 48 4
1952. ... ..o 1.69 109.3 113.5 52.2
1953. .. .. 1.79 112.7 114 .4 52.6
1954, ... ..o 1.84 110.8 114.8 57.1
1955. .. ...l 1.94 112.7 114.5 55.1
1956. . .. ...l 2.06 118.2 116.2 57.3
1957 . ..o 2.17 127.0 120.2 56.0
1958. .. ..o 2.25 117.7 123.5 60.0
1959. ... ...l 2.33 116.6 124.6 62.8
1960. ... ... 2.43 117.5 126.5 60.8
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Productivity in Price of structural  Price of structural

Year pulp aj?';:‘l1 |;'>aper clay &&d)ucts stee(l}?gg;pes
thousands of tons index, index,
per man year 194749 = 100 1947-49 = 100

1929. ...l 87.0 61.0 61.6
1930. .. ...l 82.0 57.8 54.8
1931. ..o 86.9 53.9 52.2
1932, . ... Ll 80.8 49.7 50.8
1933. ..o 85.9 51.8 52.2
1934. ... ... oL 74.1 60.7 57.0
1935. .. ..o 82.5 58.8 57.8
1936. ... ...l 92.8 57.9 59.7
1937. ... 93.0 60.8 71.1
1938. ... 88.9 60.4 69.7
1939. .. ..o 97.9 61.5 67 .4
1940. .. ...l 99.2 61.4 67.4
1941. .. .. 110.3 65.2 67.4
1947 .. 101.9 93.3 84.5
1948. . ...l 102.8 101.4 102.8
1949. .. ...l 100.1 105.3 112.6
1950. . ... ...l 113.9 112.6 121.0
1951, .. ... oLl 116.8 121.4 128.4
1952, .. .. oLl 113.0 122.0 131.0
1953. . ... 120.9 128.1 138.2
B 121.1 133.1 143.8
1955, .. oo 132.9 140.1 151.8
1956. ... ..., 136.7 148.0 162.8
1957 . .o 133.3 154.0 187.5
1958. .. o 140.1 156.5 195.3
1959. .. ...l 151.2 160.2 199.5

1960. . ..o 153.8 161.8 199.5
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Forecasts of Exogenous Variables
Wages in Index of
construction manufacturing Per capita Value of total
Year ﬁve-y(e;a(xi %Yerage pr()(nilxlxzczt.)ion Po?Xu;a3t)§on 1?}%%2;? con(s;,;zlf”(;t..ion
dollars index, in millions thousands millions
per hour 1947-49 = 100 of dollars of dollars
1961. ... .. 3.710 167.319 182.504 2.017 80236 .93
1962. .. ... 3.860 172.237 185.297 2.075 83799.96
1963. ... .. 4.010 177 .156 188.090 2.133 87362.99
1964. .. ... 4.160 182.075 190.883 2.191 90926 .02
1965. ... .. 4.310 186.993 193.676 2.249 94489.05
1966. . . ... 4.460 191.912 196.469 2.307 98052.07
1967 4.610 196 .831 199.262 2.365 101615.10
1968. . . ... 4.759 201.749 202.055 2.424 105178 .13
1969. .. ... 4.909 206.668 204 .848 2.482 108741.16
1970. .. ... 5.059 211.587 207 .641 2.540 112304.19
1971... ... 5.209 216.505 210.434 2.598 115867 .22
1972. .. ... 5.359 221.424 213.228 2.656 119430.24
1973. .. ... 5.509 226.343 216.020 2.714 122993 .27
1974. .. ... 5.659 231.262 218.813 2.772 126556 .30
1975...... 5.808 236.180 221.606 2.830 130119.33
Freight Wages in Price of Wages in
Year (r)?tz.%; 58(§121181)]'ls elect(r:‘crzzg)ower pulp(aj??:iz ){)aper
cents per dollars index, dollars
ton mile per hour 1947-49 = 100 per hour
1961. .. ... ... .. .. 1.520 2.098 98.997 2.517
1962. .. ... ... ... 1.539 2.164 98.979 2.609
1963. .. ... ... 1.557 2.230 98.962 2.701
1964. .. ... ... 1.576 2.296 98.944 2.793
1965. .. ... ..., 1.594 2.362 98.926 2.885
1966. . ............. .. 1.613 2.428 98.909 2.977
1967. .. ... 1.631 2.495 98.891 3.069
1968. .. ... ... ... 1.650 2.561 98.874 3.161
1969. .. ... 1.668 2.627 98 .856 3.253
1970. .. ... .o 1.687 2.693 98.839 3.345
1971, ... oo 1.705 2.759 98.821 3.437
19720 .. ..o o 1.724 2.825 98.803 3.529
1973 ... .o 1.742 2.891 98.786 3.621
1974, .. ... oL 1.761 2.957 98.768 3.714
1975, ... 1.779 3.023 98.751 3.806
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Price of petroleum Consumer Productivity Productivity in

products price index in sawmilling pulp and paper
Year (X33) (X34) 73), X74
1041540 100 194750% 100 tﬁ:ﬁﬂd;ggl}%gd “‘325 et ;2:3”
1961........... 124 .431 129.314 63.137 154 .876
1962........... 126.196 131.488 64.363 158.969
1963........... 127.961 133.663 65.589 163.062
1964. . ......... 129.726 135.837 66.815 167.154
1965. .......... 131.491 138.011 68.041 171.247
1966. .......... 133.256 140.186 69.267 175.340
1967........... 135.021 142.360 70.493 179.433
1968........... 136.786 144 .534 71.719 183.526
1969........... 138.551 146.708 72.945 187.619
1970. .. ........ 140.316 148 .883 74.171 191.712
1971........... 142.081 151.057 75.397 195.805
1972........... 143 .846 153.231 76.622 199.898
1973. . ... ... 145.611 155.405 77.848 203.991
1974. . ......... 147.376 157.580 79.074 208.084

1975. .. ... .. 149.141 159.754 80.300 212.177




APPENDIX F

FORECASTING EQUATIONS#*

Independent variables

Lumber consumption (Q1)

CRF SS ERF
R, 0.97456  ........ 0.97390
Regression constant. . ....................c ... —32.42220 80.46246  129.98076
Wages in construction...................covoi.un. (X17) —5.43132 3.73052 —13.40211
Index of manufacturing production................ (X22) 0.21018 0.16917 0.16403
Population........... ... ..o oo (X23) ool s
Per capita income.................... .. ...l (X24) ... s
Value of construction............................. (X25) ........ .00032 .00087
Freightrates............. ... ... i .. (X26) 5.21827 —4.87912 8.02005
Trend. ..ot (X27) ... —1.15058 —.79551
Wagesinsawmills. . ............................. (X28) ........ —22.60670  ........
Price of electricpower........................... (X29) —.28337 —.39279 —.45425
Tariff on lumber................................. (X30) —1.12248 — .80563 — . 28387
Rateof exchange................................. (X31) —21.12683 —22.03814 —45.56739
Wages in pulp and paper.......................... (X32) ..., —1.01157  ........
Price of petroleum produects. ..................... (X33) —0.00682 0.02439 —0.14956
Consumer price index. . .............ccoviivuen.... (X34) 0.21138  ........ 0.20272
Productivity in sawmilling. . ..................... (X73) 0.54652 0.31991 0.53660
Productivity in pulp and paper................... (X74) —0.14154 —0.09534 —0.36184
Ratio past prices plywood/lumber................ (X75) 22.46671 2.90388  ........
Ratio past prices building board/lumber. . ........ (X76)  ........ —1.69074  ........
Ratio past prices clay products/lumber. .......... (X78) o e e
Ratio past prices steel/lumber.................... (X79) 21.32572 1.85553  ........
Ratio past prices plywood/building board......... (X81) —42.74111 —6.89947  ........
Ratio past prices wallboard/building board. . ..... (X82) 78.00821 5.53262  ........
Ratio past prices wallboard/plywood. ............ (X85) —31.15252 2.76072  ........
Dummy variable................. ... ... (X86) —3.27979 1.38767 —17.06200
Price of plywood................ .. ... ... P8 ... 12795 L.,
Price of peeler logs...........c.cooviiiiiiiiii... P9 ... .26960  ........
Price of sawlog stumpage......................... (P10) ... L.

* CRF = complete reduced form; SS = solved structural; ERF = exogenous reduced form.
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Independent variables

Paper consumption (Q2)

CRF SS ERF
R 0.99867  .......... 0.99809
Regression constant........................... .. —7285.70130  4812.64120 11769.00000
Wages in construction...................... (X17) —782.74527 —509.98473 —2119.24710
Index of manufacturing production.......... (X22) 65.28040 —24.19169 19.63423
Population................ ... . ... (X23) ... —5.58220 ........ ..
Per capita income.......................... (X24) ... —4469.50390  ..........
Value of construction....................... (X25) ... —0.01112 0.19104
Freight rates.............................. (X26) —3498.23940 945.41911 —2112.39930
Trend........ ... .. (X271) ... —95.36105 —58.63945
Wages insawmills. ........................ (X28) .......... 1487.59720  ..........
Price of electric power. .................... (X29) —0.83060 —80.40902 —29.88749
Tariff on lumber........................... (X30) —86.64726 —6.95774 78.34377
Rate of exchange........................... (X31) —1567.84290 311.39427 —937.31223
Wages in pulp and paper.................... (X32) ... 2619.25760  ..........
Price of petroleum products................ (X33) —2.01072 41.47484 8.43462
Consumer price index. . .................... (X34) 112.17805 39.24173 18.34293
Productivity in sawmilling. ................ (X73) —21.50991 4.39549 —46.10668
Productivity in pulp and paper............. (X74) 51.52992 136.56692 49.35785
Ratio past prices plywood/lumber.......... (X75) 1244 .80770 —89.76111  ..........
Ratio past prices building board/lumber. ... (X76)  .......... 52.17063  ..........
Ratio past prices clay products/lumber. . . .. (XT78) o e e
Ratio past prices steel/lumber.............. (X79) 1301.85140 —b57.25554  ..........
Ratio past prices plywood/building board. .. (X81) —20230.00000 617.46685  ..........
Ratio past prices wallboard/building board . (X82)  34820.00000 —964.03296  ..........
Ratio past prices wallboard/plywood. . . .... (X85) —9394.54140 —114.08991  ..........
Dummy variable........................... (X86) —1394.38950 460.07490 707.83214
Price of plywood........................... P8) ... 150.97265  ..........
Price of peelerlogs......................... P9 —11.14150  ..........
Price of sawlog stumpage................... (P10) ... e

* CRF = complete reduced form; SS = solved structural; ERF =exogenous reduced form.
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Paperboard consumption (Q3)
Independent variables
CRF SS ERF
R2 0.99871  .......... 0.99823
Regression constant. .. .......................... —4086.95210 —4843.46600 —1558.68130
Wages in construction...................... (X17) 233.32146 2089.81570 521.53529
Index of manufacturing production.......... (X22) 35.90455 57.20597 33.57408
Population................................. (X23) o s
Per capita income................. ... ... (X24) ..o s
Value of construetion....................... (X25)  .......... 0.04555 0.03158
Freight rates.............................. (X26) —2285.33710 —2380.22890 —36.69974
Trend. ... X27) o 27.56173 4.36159
Wages insawmills......................... (X28)  .......... —6095.86720  ..........
Price of electric power. .................... (X29) —10.41782 3.99662 —13.28686
Tariff on lumber........................... (X30) 195.05569 28.51129 71.10151
Rate of exchange......................... .. (X31) 4094 .52570 779.92750 2230.82870
Wages in pulp and paper.................... (X32) ... 370.11273  ..........
Price of petroleum produets................ (X33) 8.37058 2.38184 13.57916
Consumer price index. . .................. .. (X34) —8.27747 ... ....... —47.66604
Productivity in sawmilling. ................ (X73) —5.60016 —18.01178 —18.56406
Productivity in pulp and paper.............. (X74) 84.14971 34.88220 70.98984
Ratio past prices plywood/lumber. ...... ... (X75) —1240.14140 367.82132  ..........
Ratio past prices building board/lumber. ... (X76) .......... —213.78379  ..........
Ratio past prices clay products/lumber. . ... (X78) o e
Ratio past prices steel/lumber.............. (X79) 627.30494 234.62060  ..........
Ratio past prices plywood/building board. .. (X81) —7228.76060 —2530.25350  ..........
Ratio past prices wallboard/building board . (X82)  14030.00000 3950.41170  ..........
Ratio past prices wallboard/plywood. ... ... (X85) —4793.78770 467.51709  ..........
Dummy variable........................... (X86) 1233.26970 4170.22000 2956. 56420
Price of plywood........................... P8 L. —46.81279  ..........
Price of peeler logs......................... P9 45.65557  ..........
Price of sawlog stumpage................... (P10)y ... .

* CRF = complete reduced form; SS = solved structural; ERF = exogenous reduced form.
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Softwood plywood consumption (Q4)
Independent variables

CRF SS ERF
R 0.99902  .......... 0.99673
Regression constant. .................... ... ..... —22392.00000 —3653.19810 —2214.62280
Wages in construction...................... (X17) 1286.19300 1491.89790 65.40890
Index of manufacturing production.......... (X22) 26.94229 9.89221 —4.91260
Population.............. .. ... ...l (X23) o e e
Per capita income.......................... (X24) . e
Value of construction....................... (X25) ... 0.04133 0.09444
Freightrates.............................. (X26) 1694.26420  .......... —3568. 54880
Trend. .....covviiiii i (X27) o 100.51536
Wagesinsawmills. ........................ (X28) .......... 1581.84350  ..........
Price of electric power..................... (X29) 20.86852 1.44524 11.71390
Tariff on lumber........................... (X30) 59.61634  .......... 165.84580
Rate of exchange........................... (X31) 2106.88280  .......... —702.76815
Wages in pulp and paper.................... (X32) o e i
Price of petroleum products. ............... (X33) —15.28194 e —11.08698
Consumer price index. ..................... (X34) 29.10415  .......... 28.44923
Productivity in sawmilling. . ............... (X73) —1.48507 1.53467 13.59317
Productivity in pulp and paper............. (X74) 30.90084  .......... 21.85830
Ratio past prices plywood/lumber. ......... (X75) 823.21450 4.19037  ..........
Ratio past prices building board/lumber....(X76)  .......... ... ... ... oo
Ratio past prices clay products/lumber. . . .. (X78) o e
Ratio past prices steel/lumber.............. (X79) 2808.54550  .......... ...l
Ratio past prices plywood/building board. .. (X81) —11645.00000 —1219.39830  ..........
Ratio past prices wallboard/building board . (X82) 18463.00000  ..........  ..........
Ratio past prices wallboard/plywood. . .. ... (X85) —5116.18000 765.23045  ..........
Dummy variable........................... (X86) 273.01399 —860.01554 —1600.45290
Price of plywood........................... (B8) ..
Price of peelerlogs......................... P9 —12.66148  ..........
Price of sawlog stumpage................... (P10) ... ...

* CRF = complete reduced form; SS = solved structural; ERF = exogenous reduced form.
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Independent variables
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Softwood lumber consumption (Q5)

CRF SS ERF
R 0.98247 ........ 0.97339
Regression constant........... ... ... ... .o —16.91114 24.05174 50.36866
Wages in construction............................ (X17)  —3.46580 3.51960 —9.09575
Index of manufacturing production................ (X22) 0.03680 0.26283 0.11955
Population............... ... (X23) s s
Per capitaincome........................ ..., (X24) ... o
Value of construetion............................. (X25) ........ 0.00037 0.00029
Freight rates............... ... .o i, (X26) —3.36680 —8.36753 9.72000
Trend. .. ..ot [0.€74 I 0.11854 —0.13021
Wagesinsawmills............................... (X28) ........ —39.68589  ........
Price of electric power........................... (X29) —0.16393 —0.06283 —0.21694
Tariff on lumber................................. (X30) —0.36883 —0.58515 —0.21831
Rate of exchange................................. (X31) —14.63762 —8.22806 —24.19165
Wages in pulp and paper.......................... (X32) ... —2.02861  ........
Price of petroleum products...................... (X33) 0.01436 —0.04370 —0.10619
Consumer price index. . ............coovevniann... (X34) 0.21736  ........ .23073
Productivity in sawmilling. ...................... (X73) 0.28357 0.10874 .25978
Productivity in pulp and paper................... (X74) 0.04371 —.19119 —0.11112
Ratio past prices plywood/lumber................ (X75) 7.03001 5.62504  ........
Ratio past prices building board/lumber. ......... (X76)  ........ —2.99268  ........
Ratio past prices clay products/lumber. .......... (X78)  ........ —3.73691  ........
Ratio past prices steel/lumber.................... (X79) 10.81844 6.17670  ........
Ratio past prices plywood/building board......... (X81) 9.80236 —9.86954 ........
Ratio past prices wallboard/building board. ... ... (X82) 9.35827 11.09492  ........
Ratio past prices wallboard/plywood. ............ (X85) —5.18982 3.04709  ........
Dummy variable....................... ... ... (X86) —4.41181 6.65183 —12.83948
Price of plywood..............ooiiiiii. P8) ... 0.25658  ........
Price of peeler 1ogs............c.ovviiiinnen... P9 0.29756  ........
Price of sawlog stumpage......................... (P10) ........ —0.06693 ........

* CRF = complete reduced form; SS = solved structural; ERF =e xogenous reduced form.
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Independent variables

Building board and paper consumption (Q6)

CRF SS ERF
R 0.99313  .......... 0.99011
Regression constant. ............................ 3549.99790 —142.74710 0.23155
Wages in construction.................. ... (X17) —674.48802 —132.37597 —134.23667
Index of manufacturing production.......... (X22) 7.40117 7.77031 13.66945
Population................................. (X23) o
Per capitaincome.......................... (X24) ..o
Value of construction....................... (X25) .......... 0.02299 0.00329
Freightrates.............................. (X26) —1801.16620 —292.78256 —477.95737
Trend........................ ... ... X2y ... 31.18870 1.15345
Wages insawmills. ........................ (X28) .......... 32.18298  ..........
Price of electricpower. .................... (X29) 0.88356 —0.15085 1.98877
Tariff on lumber........................... (X30) 157.95882 14.82535 —6.77431
Rate of exchange........................... (X31) 1105.40830 264.97231 —842.80722
Wages in pulp and paper.................... [0.€:7) I —1126.45880  ..........
Price of petroleum products................ (X33) 1.92324 1.60576 0.93760
Consumer price index. ..................... (X34) 10.95087  .......... 0.30783
Productivity in sawmilling. . ............... (X73) 20.22467 —4.43303 9.04375
Productivity in pulp and paper............. (X74) 21.35773 7.12163 7.26498
Ratio past prices plywood/lumber-. . ........ (X75) —1981.64340 196.20311 ..........
Ratio past prices building board/lumber. ... (X76)  .......... —169.74311  ..........
Ratio past prices clay products/lumber. . ... (X78)  .......... —130.74573  ..........
Ratio past prices steel/lumber.............. (X79) —337.18190 216.10828  ..........
Ratio past prices plywood/building board. .. (X81) 478.54678 —355.57415  ..........
Ratio past prices wallboard/building board . (X82) 128.28480 102.08996  ..........
Ratio past prices wallboard/plywood. . . .... (X85) —816.45326 —3.70751  ..........
Dummy variable........................... (X86) —345.02908 761.38906 956.05006
Price of plywood........................... P8 ... 46.09616  ..........
Price of peeler logs......................... [0) —0.36206  ..........
Price of sawlog stumpage................... P10y .......... 1.20975  ..........

* CRF = complete reduced form; SS = solved structural; ERF = exogenous reduced form.
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Lumber price index (P1)
Independent variables CRF Ss ERF
R 0.99803  ......... 0.99515
Regression constant................................. —130.13830 —60.35262 61.33725
Wages in construction......................... (X17)  —10.02376 16.63460 —21.89579
Index of manufacturing production............. (X22) 0.16926 0.75426 0.21837
Population............ ... ... ... . ... .. ..., (X23) o e
Per capita income............................. (X24) .o e
Value of construction.......................... (X25) ... 0.00143 0.00139
Freight rates................................. (X26) —33.06586 —21.75211 37.64471
Trend..... ..o (0.07) I 1.66299 —0.70110
Wagesinsawmills. . .......................... (X28) ... —164.02016  .........
Price of electricpower. ....................... (X29) —0.00192 0.37675 —.26720
Tariff on lumber.............................. (X30) 1.94781 1.00537 1.59159
Rate of exchange.............................. (X31) 15.25261 27.50207 —5.13441
Wages in pulp and paper....................... (X82) ......... —4.50948  .........
Price of petroleum products................... (X33) 0.05851 —0.08646 —0.11838
Consumer price index. ........................ (X34) 0.74214  ......... 0.00195
Productivity in sawmilling. ................... (X73) 0.00572 —0.58572 —0.33533
Productivity in pulp and paper................ (X74) 0.33019 —0.42501 —0.06419
Ratio past prices plywood/lumber............. (X75) 5.09688 12.94738  .........
Ratio past prices building board/lumber. . . .... (X76) ... —7.53852  .........
Ratio past prices clay products/lumber. .. ..... (X78) o e
Ratio past prices steel/lumber................. (X79) 26.64638 8.27327  .........
Ratio past prices plywood/building board. ... .. (X81) —86.35503 —30.76336  .........
Ratio past prices wallboard/building board. . .. (X82) 233.94828 24.66334  .........
Ratio past prices wallboard/plywood. . ........ (X85) —74.44073 12.31095  .........
Dummy variable.............................. (X86) 33.43303 94.66343 44 87104
Price of plywood.............................. P8) ... 0.57037  .........
Price of peelerlogs............................ [0:) I 1.20223  .........
Price of sawlog stumpage...................... (P10) ...

* CRF = complete reduced form; SS = solved structural; ERF = exogenous reduced form.
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Paper price index (P2)
Independent variables

CRF SS ERF
R 0.99929  ........ 0.99858
Regression constant. . ........... ...t 93.73515 56.76204 13.19252
Wages in construction............................ (X17) 21.71212 31.49120 20.17060
Index of manufacturing production................ (X22) —0.09379 1.49388 —0.02712
Population.................... ... ... (X23) ........ 0.34471  ........
Per capita income................ ... ... ...l (X24) ........ 275.99992  ........
Value of construction..................coovvunnn.. (X25) ........ 0.00069 —0.00002
Freight rates........... .. ..o, (X26) —11.43625 —58.38172 14.99457
Trend. ... ..o (xX27) ... 2.25815 0.21901
Wagesinsawmills............................... (X28) ........ —91.85319  ........
Price of electric power. . ..................oiuenn, (X29) —0.17198 1.40839 —0.14470
Tariff on lumber.............. ... ... ... ... (X30) —0.23707 0.42966 —0.61706
Rate of exchange................................. (X31) —9.27861 4.08139 14.40781
Wages in pulp and paper.......................... (X32) ........ —48.24127  ........
Price of petroleum products. ..................... (X33) 0.16166 —0.72742 0.15681
Consumer price index. ...............ccovviunn... (X34) 0.61242 —2.42325 0.36677
Productivity in sawmilling. ...................... (X73) —0.14647 —0.27142 —0.30784
Productivity in pulp and paper................... (X74) —0.08011 —2.86012 —0.04325
Ratio past prices plywood/lumber................ (X75) —16.07029 554300 ........
Ratio past prices building board/lumber. ......... (X76)  ........ —3.22169  ........
Ratio past prices clay products/lumber. .......... (X78) e e
Ratio past prices steel/lumber.................... (X79) —15.41327 3.53569  ........
Ratio past prices plywood/building board. ........ (X81) 38.08787 —38.12882  ........
Ratio past prices wallboard/building board. . ..... (X82) —34.73803  59.53137  ........
Ratio past prices wallboard/plywood. ............ (X85) 19.33625 7.04454  ........
Dummy variable................................. (X86) —14.87904 22.82314 0.55865
Price of plywood..............coiiiiiiiiii. P8)  ........ —1.272714  ........
Price of peeler logs..................ccoivneiinnn.. 10:) I 0.68794  ........
Price of sawlog stumpage......................... (P10)  ..ooiin e

* CRF = complete reduced form; SS = solved structural; ERF = exogenous reduced form.
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Paperboard price index (P3)
Independent variables
CRF Ss ERF
R 0.99786  ........ 0.99421
Regression constant. ................... ... ... il —74.54774 —6.78727 91.45501
Wages in construction............................ (X17) 26.79900 44.66596 14.78731
Index of manufacturing production................ (X22) —0.43580 1.22269 —0.13132
Population............... .. ... (X23) .o s i
Per capitaincome................... .. ... ..., (X24) ...
Value of construction............................. (X25) ........ 0.00097 0.00036
Freightrates.................. ... o i, (X26) —60.51235 —50.87367 6.69651
Trend. ... ..ot (0,074 N 1.50800 —0.92190
Wages insawmills. . ............................. (X28) ........ —130.28796  ........
Price of electricpower........................... (X29) —0.66297 0.33711 —0.83188
Tariff on lumber................................. (X30) 1.98146 0.60940 2.93692
Rate of exchange................................. (X31) 17.95553 16.67005 15.89007
Wages in pulp and paper.......................... (X32) ........ —15.43798  ........
Price of petroleum products...................... (X33) 0.33833 —0.17572 0.04989
Consumer price index. . .......................... (X34) 0.99841  ........ 0.86319
Productivity in sawmilling. . ..................... (X73) —0.33113 —0.38498 —0.42904
Productivity in pulp and paper................... (X74) 0.19421 —1.45499 —0.08172
Ratio past prices plywood/lumber................ (X75) 33.91930 7.86176  ........
Ratio past prices building board/lumber.......... (X76) ........ —4.56938  ........
Ratio past prices clay products/lumber........... (X78) . e e
Ratio past prices steel/lumber.................... (X79) 30.46805 5.01475  ........
Ratio past prices plywood/building board......... (X81) 18.31305 —54.07989  ........
Ratio past prices wallboard/building board. . ..... (X82) 56.97328 84.43369  ........
Ratio past prices wallboard/plywood. ............ (X85) —21.58782 9.99230 ........
Dummy variable.................... ... ... ... (X86) 19.91970  56.29481 0.98369
Price of plywood... ... P8) ... 1.95263  ........
Price of peeler logs............................... [0 I 0.97580  ........
Price of sawlog stumpage......................... (P10) ... .. .

* CRF = complete reduced form; SS = solved structural; ERF = exogenous reduced form.
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Independent variables

Softwood plywood price index (P4)

CRF SS ERF
R 0.99647  ......... 0.98399
Regression constant. ....... ... ... .. ... ... ... ... —603.10679 23.61076 113.04464
Wages in construction......................... (X17) 47.14320 40.72421  —44.96374
Index of manufacturing production............. (X22) 0.01260 0.27003 0.10888
Population................. ... .. . ... (X23) e e
Per capita income............................. (X24) ... L0
Value of construction.......................... (X25) 0.00054 0.00113 0.00185
Freight rates................................. (X26) 14.07288  ......... 68.47016
Trend......... .. . (X27) oo o —1.69136
Wages insawmills. ......................... .. (X28) ......... —254.84795  .........
Price of electric power. ....................... (X29) —0.25895 —0.23284 —0.33178
Tariff on lumber.............................. (X30) 3.17790  ......... 1.77870
Rate of exchange.............................. (X31) 91.38672  ......... —42.36755
Wages in pulp and paper....................... (X32) —142.54026  .........  .........
Price of petroleum products................... (X33) 0.37608  ......... —0.18799
Consumer price index......................... (X34) 1.83479  ......... 0.13892
Productivity in sawmilling. . ............ .. ... (X73) 0.36236 —0.24725 —0.22962
Productivity in pulp and paper. ............... (X74) 0.53886  ......... —0.13258
Ratio past prices plywood/lumber. ............ (X75) ... 0.11438  .........
Ratio past prices building board/lumber. . .. ... (X76) 1.21917 ... ..
Ratio past prices clay products/lumber. .. ... .. (X78) 229.45989  ......... ...
Ratio past prices steel/lumber.............. ... (X79) —56.93055  .........  .........
Ratio past prices plywood/building board. . . ... (X81) —310.25002 —33.28581  .........
Ratio past prices wallboard/building board. . .. (X82) 610.59502  .........  .........
Ratio past prices wallboard/plywood. ... ...... (X85) —240.96713 20.88843  .........
Dummy variable.............................. (X'86) 63.55295 138.55555 47.01359
Price of plywood.............................. (P8) oo
Price of peelerlogs............................ [02) N 2.03987  .........
Price of sawlog stumpage...................... (P10) ...

* CRF = complete reduced form; SS = solved structural; ERF = exogenous reduced form.
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Softwood lumber price (P5)
Independent variables
CRF SS ERF
R 0.99842 .. ...... 0.99411
Regression constant. .............. ... ... .. .. 165.12506 —15.14456 60.27083
Wages in construction............................ (X17) 22.84705 7.44355 —15.88929
Index of manufacturing production................ (X22) —0.26186 0.55579 0.19204
Population............. ... ... ... . . ... ... (X23) —2.31730  ........  ........
Per capita income........ ... ... .. .. ... ... (X24) ... o
Value of construction............................. (X25) 0.00164 0.00079 0.00098
Freight rates. ................. ... ... ... ....... (X26) —28.98012 —17.69429 18.72046
Trend. ..... ..o [0.€74 0.50601 —0.68231
Wages insawmills. .............................. (X28)  ........ —79.39829  ........
Price of electricpower. .......................... (X29) —0.33124 0.14871 —0.25869
Tariff on lumber................................. (X30) 2.88472 0.89597 1.39458
Rate of exchange................................. (X31) 5.25905 16.01357 —6.27635
Wages inpulpandpaper.......................... (X32) ..., —4.28991  ........
Price of petroleum produects...................... (X33) 0.14996 —0.02631 —0.08477
Consumer price index............................. (X34) 0.40810 ........ 0.23665
Productivity in sawmilling. ...................... (X73) —0.06210 —0.34683 —0.28348
Productivity in pulp and paper................... (X74) 0.16034 —0.40431 —0.14671
Ratio past prices plywood/lumber. ............... (0. 44:) 11.89402  ........
Ratio past prices building board/lumber.......... (X76) —4.67837 —6.32795  ........
Ratio past prices clay products/lumber. .......... (X78) 60.61817 —7.90160 ........
Ratio past prices steel/lumber.................... (X79) —14.03475 13.06048  ........
Ratio past prices plywood/building board......... (X81) 52.26162 —20.87034  ........
Ratio past prices wallboard/building board. ...... (X82) 11.19659 23.46243  ........
Ratio past prices wallboard/plywood. ............ (X85)  ........ 6.44318  ........
Dummy variable................................. (X86) 42.31171 53.34199 24.13467
Price of plywood............... ... ... ...l (P8) ... 0.54260  ........
Price of peelerlogs............................... Py 0.62921  ........
Price of sawlog stumpage......................... (P10)  ........ 0.07311  ........

* CRF = complete reduced form; SS = solved structural; ERF = exogenous reduced form.
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Independent variables

Building paper and board price index (P6)

CRF SS ERF
R 0.99949 ........ 0.99903
Regression constant. . .......... ... .. i 221.15897  107.37546 81.05272
Wages in construction............................ (X17) 26.19137  —8.00007 25.36385
Index of manufacturing production................ (X22) -—o0.16121 0.46951 —0.22429
Population.......... ... .o i (X23) s s
Per capitaincome.............. ... (X24) ... i
Value of construetion............................. (X25) 0.00080 0.00139 0.00065
Freight rates................. ... ... (X26) —4.18131 —17.69051 0.28681
Trend. ....oooviniiii (X27) —2.24665 —0.50371 —0.73644
Wagesinsawmills............................... (X28) 33.28050 1.94090 ........
Price of electricpower........................... (X29) —0.25473 0.39298 —0.22896
Tariff on lumber........... ... ... ... ... (X30) —0.27484 0.89587 —0.29426
Rate of exchange............. ... ... ... ... (X31) —25.92885 16.01183 14.83930
Wages in pulp and paper.......................... (X32) —28.74077 42.41807  ........
Price of petroleum produets...................... (X33) 0.18850 —0.11663 0.29816
Consumer price index. . ..............ceeivinn.... (X34) ... —0.30182
Productivity in sawmilling. ...................... (X73) —0.04704 —0.26788 —0.00832
Productivity in pulp and paper.................... (X74) —0.20457 —1.01540 —0.03245
Ratio past prices plywood/lumber. ............... (X75) —31.47842 11.85623  ........
Ratio past prices building board/lumber. ......... (X76) ... —10.25725  ........
Ratio past prices clay products/lumber. .......... (X78) —52.01826 —7.90075 ........
Ratio past prices steel/lumber.................... (X79) 13.12998 13.05906  ........
Ratio past prices plywood/building board......... (X81) ........ —21.48558  ........
Ratio past prices wallboard/building board. . ..... (X82) 32.78090 6.16590  ........
Ratio past prices wallboard/plywood............. (X85) 24.80415 —0.22372  ........
Dummy variable................... ... ... (X86) —23.62881 —17.89771 2.82676
Price of plywood............. ...l (P8 ... —1.10008 ........
Price of peeler logs...............ccoiiiiiiini... [0) —0.02185  ........
Price of sawlog stumpage......................... P10y  ........ 0.07310 ........

* CRF = complete reduced form; SS = solved structural; ERF = exogenous reduced form.
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Independent variables

Sawlog price (P7)
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Pulpwood price (P8)

CRF ERF CRF ERF

R 0.99746 0.99643 0.99848 0.99757
Regression constant....................... —107.13577 0.52976 0.22381 —3.44509
Wages in construction................ (X17) 0.80741 —10.92849 3.06829 3.46637
Index of manufacturing production.. .. (X22) 0.12448 0.09571 —0.01292 0.01839
Population........................... (X23) o s e
Per capita income.................... (X24) oo e s
Value of construction................. (X25) ........ 0.00071  ........ 0.37948
Freight rates........................ (X26) —6.23373 9.05745 —9.83745 —2.77508
Trend........ooiiiiiiiiiii (X27) ... 0.24335 ........ —0.29679
Wages in sawmills. .................. (X28) i e e
Price of electric power. .............. (X29) 0.13649 0.04706 0.04110 0.02358
Tariff on lumber..................... (X30) —0.35078 0.30017 —0.41464 —0.34858
Rate of exchange..................... (X31) —1.78462 —1.86452 —0.63823 0.98233
Wages in pulp and paper.............. (X32) e e i i
Price of petroleum produets. ......... (X33) 0.03660 —0.04223 0.05476 0.02770
Consumer price index. ............... (X34) 0.36998 0.10895 0.15218 0.15800
Productivity in sawmilling. .......... (X73) 0.04402 —0.03388 —0.03568 —0.05677
Productivity in pulp and paper. . ..... (X74) 0.07199 —0.05883 0.00860 —0.00143
Ratio past prices plywood/lumber. . .. (X75) 5.64423  ........ 3.16680  ........
Ratio past prices building

board/lumber...................... (X76) oo e e
Ratio past prices clay

products/lumber................... (XT78) i e e
Ratio past prices steel/lumber... .. ... (X79) 13.52117 ........ —1.10287  ........
Ratio past prices plywood/building

board............ ... ... ..l (X81) —37.57592  ........ 10.93877  ........
Ratio past prices wallboard/building

board................ ..l (X82) 103.99937  ........ —17.34704  ........
Ratio past prices wallboard/plywood . (X85) —25.12956  ........ 3.81619  ........
Dummy variable..................... (X86) 8.57569 5.11306 1.92920 2.11638
Price of plywood..................... (P8)
Price of peelerlogs................... (P9) .
Price of sawlog stumpage............. (P10) ...

* CRF = complete reduced form; ERF = exogenous reduced form.
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Peeler Softwood
log price (P9) stumpage price (P10)
Independent variables
CRF ERF CRF ERF
Peeler Softwood

Regression constant. ...............
Wages in construction..............
Index of manufacturing production.. ..
Population...................... ...
Per capita income..................
Value of construction...............

Wages in sawmills. . ............. ..
Price of electric power.............
Tariff on lumber...................
Rate of exchange...................
Wages in pulp and paper............
Price of petroleum products. .......
Consumer price index. .............
Productivity in sawmilling. ........
Productivity in pulp and paper. . ...
Ratio past prices plywood/lumber. . ..

Ratio past prices building

board/lumber....................

Ratio past prices clay

products/lumber............... ..
Ratio past prices steel/lumber... ...
Ratio past prices plywood/building

board...................... ...
Ratio past prices wallboard/building

board............. ...l

....... 0.99719 0.99103
....... —149.64351 —25.69291

(X17)  —6.17401 —14.99605
(X22) 0.12343 0.21378

(X23)
(X24) oo .
(X25)  ........ 0.00069
(X26) —2.17763  67.45060

(X27) ... 0.22367

(X29) 0.13641 0.02721
(X30) 0.95175 0.38558
(X31) —8.36027 —13.40646

(X33)  0.20792  0.15045
(X34)  0.86315  0.08445
(X73)  0.04794 —0.20113

(X74) 0.10145 —0.13866
(X75) —1.51802 ........

(X79) 23.23089  ........
(X81) —97.47483  ........

(X82) 258.40679  ........

Ratio past prices wallboard/plywood . (X85) —75.38673  ........

Dummy variable...................
Price of plywood ...................
Price of peelerlogs.................
Price of sawlog stumpage...........

(X86) —12.44000 2.52464
B8y .

PO s

(P10) ... L.

0.97347 0.95334
—73.79658 —8.02978
—4.75431 —13.29659
0.05260 0.16967

........ 0.00083
—22.97134 32.07165
........ —0.35844
0.15958 0.03048
1.13994 0.58940
13.95428 8.86816
0.06624 —0.09642
0.31343 —0.14862
—0.14047 —0.42023
0.27126  —0.00769
—6.16130  ........

6.62354  ........

—5.56362  ........

77.17148 ... ...
—23.32085  ........
—8.07926 3.65334

* CRF = complete reduced form; ERF = exogenous reduced form.



APPENDIX G
TRENDS IN VARIABLES

Figures A to P show for each variable predicted, each observation for the period
1929 to 1960, and unadjusted predicted values for the years 1965, 1970 and 1975
Predicted values obtained from complete reduced form equations are indicated
by the numeral 1, those obtained from the solved structural equations by 2, and
those from the exogenous reduced form equations by 3.
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