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Dissertation Abstract

A STUDY OF THE USE OF REGRESSION EQUATIONS FOR PROJECTING
LONGRUN TRENDS IN DEMAND FOR PAPER AND BOARD,

With Projections of Demand to 1985 for Major Grades
of Paper and Board, Wood Pulp, and Pulpwood

by
Dwight Hair

This study presents (1) a brief discussion of alternative ways
of projecting longrun trends in Aemand; (2) an analysis of a compre-
hensive series of regression equatloné tested for use in making longrun
projections for paper and board; and (3) projections of demand for
paper and board, wood pulp, and pulpwood at five-year intervals to 1985.
The discussion of the various ways of making longrun projections and
the analysis of the use of regression equations are intended for other
researchers. The longrun demand projections are intended as guides for
making decisions that have effects extending into the future, such as
those involving the construction of new plants in the pulp and paper

industry or the acquisition and management of forests and forest lands.



The discussion in Section I of the study indicates that regression
equations, extensively supplemented by graphics, is the best way at the
present time for projecting longrun trende in demand for paper and board.
Some general guides on the use of regression equations, including choice
of independent variables, equation forms, and base time periods, were
also developed in this section. These are:

1. Per capita consumption and per capita income data should
be used in projecting demands for all grades of paper
and board where the historical relationships were close
enough to justify use as a projection base.

2. Simple regression equations are preferable to multiple
regression equations for making longrun projections with
the independent variables that are available for use.

3. An equation with the general form Y = a + b log X is
preferable for making longrun projections of demand for
most grades of paper and board. However, for grades
where consumption has been rising rapidly, the equation
Y « a + b X may be the best choice, at least for the
years immediately aheed.

4. The post World War II years are preferable as the base

time period for making longrun projections for all grades
of paper and board.

Projections of demand for paper and board derived from regression
equations and a graphical analysis of recent changes in relationships and
trends in use are presented in Section II of the study. These projec-
tions indicate that the demand for all grades of paper and board will
rise to T0.8 million tons in 1975 and 99.5 million tons in 1985--1evels
that are respectively 52 percent and 114 percent above 1964. Domestic
production of paper and board in 1985 is estimated at 95.3 million tons,
about 53.6 million tons above 196k. Projected demands and production
for each of the major grades of paper and board also show substantial

increases over 1964, especially so for container board, newsprint, and

bending board.
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Largely on the basis of this projection of domestic paper and
board production, wood pulp requirements are eéiimated at 84.6 million
tons in 1985. This is 2.5 times the 33.8 million tons consumed in
1964k, Most of the increase is expected to be‘for sulfate paper grade
pulps although substantial growth is anticipated in semichemical,
defibrated or exploded, and groundwood pulps. Domestic production of
all grades of wood pulp in 1985 is estimated at 85.1 million tons,
some 2.6 times output in 196k.

With this level of domestic wood pulp output, the requirements
for pulpwooé in U.S. pulp mills are expected to be 120.2 million cords
in 1985--about 2.4 times the 49.7 million cords used in 1964. Domestic
production in 1985 is expected to be 118.7 million cords, or T0.2
million cords above output in 1964,

The study repeatedly brought out that there were many uncertainties
associated with the level of the above projections. Nonetheless, it
seems fairly clear that the demand for paper and board, wood pulp, and

pulpwood is likely to show rapid growth in the decades immediately ahead.



PREFACE

This study presents a discussion of alternative wvays of projecting
longrun trends in demand; the results of an analysis of a comprehensive
series of regression equations tested for use in projecting longrun
trends in demand for major grades of paper and board; and projections
of demand for paper and board, wood pulp, and pulpvood, at S-year in-
tervals to 1985. It also contains appendices which show (1) the results
of a graphical analysis of the relationships between changes in selected
independent variables (Appendix A); (2) the regression equations
(including the a and b coefficients, errors of estimate, the coeffi-
cients or indexes of determination, and related statistical measures)
tested for use in making longrun projections (Appendix B): and (3)
detailed historical data on trends in production, trade, and consumption
of paper and board, wood pulp, and pulpwood (Appendices C through G).

The discussion of the various ways of making longrun projections
and the results of the statistical and graphical analyses are intended
for use by other researchers involved in projecting longrun trends in
demand. The demand projections for paper and board, wood pulp, and
pdlpwood are intended as guides for decisions whose effects extend far
into the future, such as those involving the construction of new pulp
and paper plants or the acquisition and management of forests and
forest lands.

In the past, population and income have been the principal deter-
minants of consumption of paper and board. Thus the assumptions con-
cerning future growth in these variables are of key importance in

determining the level of projected demand. Because of this importance
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and the great uncertainty associated with projections of population
and income, two series of alternative projections of demand for paper
and board, based on different population and income assumptions, have
been worked out (see page 97). These illustrate the conditional
nature of demand projections and provide a measure of their sensitivity
to changes in population and income.

Most of the demand projections in this study, including those
for wood pulp and pulpwood, are significantly above those published

early in 1965 in the Forest Service report Timber Trends in the United

§ggggg.l/ Over half of the increase reflects the use of higher pro-
Jections of gross national product and the related measures of economic
activity. The remainder 1is attributable to the use of more recent
data, which include the rapid rise in consumption of paper and board
and general economic activity that took place in 1963, 1964, and 1965;
further refinement in the projection methods; and an upvard revision
of the exports of paper and board and wood pulp..

These new and higher demand projections have important impli-
cations, especially for prospective timber supplies. They mean that
by 1980 the cut of pulpwood from domestic forests will be some 38

percent above that shown in Timber Trends in the United States. This

in turn meane that the prospective timber supply situation is less
fPavorable than envisaged, and that supplies of timber are likely to
fall short of projected demands sooner than anticipated in that study.

However, the outlook for timber supplies for the pulp and paper

l/U.S. Department of Agriculture, Forest Service, Timber Trends
in the United States, Forest Resource Report No. 17 (Washington: U.S.
Government Printing Office, 1965). _

- 141 -



industry still looks relatively good although greater use of small
sized and reiatively low quality timber will be necessary.

This study was prepared while the author was employed in the
Division of Forest Economics and Marketing Research, U.S. Forest Serv-
jice, Washington, D. C. - It 1s a part of the work going on under
Section 9 of the McSweeney-McNary Forest Research Act of May 22, 1928,
as amended. This act authorized and directed the Secretary of Agri-
culture to cooperate with State and other agencies: " . . . in making
and keeping current a comprehensive survey of the present and pro-
spective requirements for timber and other forest products in the
United States,”

All members of my doctoral committee are thanked for their help,
especlally G. Robinson Gregory, who guided my work at the University
of Michigan and provided general advice and assistance in the
preparation of this study. I am deeply indebted to H. R. Josephson,
Committee Member and Director of the Forest Service's Division of
Forest Economics and Marketing Research, who has directed my work on
this and a series of other economic studies during the past 15 years.

Several colleagues and friends have also made contributions.
Special thanks are due to Perry R. Hagenstein of the Public Land Law
Review Commission, Clark Row of the Forest Service, and I. Irving
Holland of the University of Illinois, for their help and advice on
the statistical problems which arose; to Gardner H. Chidester and
his colleagues at the Forest Products Laboratory for guidance on
prospective trends in the use of f£ibrous materials in the manufacture

of paper and board; to John Fedkiw of the Department of Agriculture
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for a careful review of an earlier manuscript; and to Helen C. Whiton,
Alice H. Ulrich, and Carrie L. Martin of the Forest Service who
compiled the data in the statistical appendices and made many other

important contributions.
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PROJECTION MODELS AND AN ANALYSIS OF REGRESSION
EQUATIONS TESTED FOR USE IN PROJECTING LONGRUN
TRENDS IN DEMAND FOR PAPER AND BOARD

Introduction

The pulp and paper industry in the United States has veen growing
rapidly since the late 1800's. In the last two decades, consumption
and production of paper and board have increased some 2-1/2 times.

The ~rtput of wood pulp, nearly all of which is used in the morufactur.
of paper and board, has more than tripled. The cut of pulpwond, the
raw meterial for making wood pulp, has shown proportional growth and
this product now accounts for over a quarter of the timber harvestea
from the Nation's forests.

Because of the rapid growth in demand for paper and board, wood
pulp, and pulpwood, businessmen and government administrators concerned
with planning plant expansions in the pulp and paper industry or with
the adequacy of timber resources have felt a continuing need for ilong-
run appraisals of demand. This need has been met by a series of

studies by public and private agencies.g/ In these and related studies

g/Recent major studies in the United States which have contained
longrun projections of demand for paper and board include:

U.S. Department of Agriculture, Forest Service, Timber Trends in the
United States; Timber Resources for America's Future, Forest Resource
Report No. 1k (Washington: U.S. Government Printing Office, 1958).

John A. Guthrie and William Iulo, Some Economic Aspects of the Pulp
and Paper Industry with Particular Reference to Washington and Oregon
TPullman: Washington State University, 1963).

U.S., Congress, House, Committee on Interstate and Foreign Commerce,
Pulp, Paper and Board Supply-Demand, Union Calendar No. 292, House
Report No. 603, 88th Cong., lst sess., 1963.

Resources for the PFuture, Inc., Resources iz Americs s Future, Patterns
of Requirements and Availabilities, 1960-2000 (Baltimore: Johns
Hopkins Press, 1962). :




such as those conducted by the Food and Agriculture Organization of
the United Nations for western Europe and other regions of the world,l/
the usual procedure has been to make projections of demand for the
major grades of paper and board--the end products of the industry.
These projections have then been converted into equivalent demands

for wood pulp and pulpwood.

Most of the projections of demand for paper and board shown in
recent U.S. and FAO studies-have been derived from regression equations.
These equations have been used to project the historical relationship
between consumption of various grades of paper and board and one or
more independent variables, such as population or income, which were
important determinants of demand and for which estimates of future
values were available. Such equations are relatively simple projection

L/

models. In other studies concerned with demand and longrun projections—

2/
John A. Guthrie and George R. Armstrong, Western Forest Industry, An
Economic Outlook (Baltimore: Johns Hopkins Press, 1961).

Stanford Research Institute, America's Demand for VWood, 1929-1975
(Stanford: Stanford Research Institute, 1954 ).

Continued

i/United Nations, Food and Agriculture Organization, European
Timber Trends and Prospects, A New Appraisal, 1950-1975 (New York,
T9ALY: Latin American Timber Trends and Prospects (New York, 1963);
Pulp and Paper Prospects in Western Europe (Rome, 1963); Pulp and
Paper Prospects in Asia and the Far East (Bangkok, 1962); Timber Trends
and Prospects in the Asia-Pacific Region (Geneva, 1961); World Demand
for Paper to 1075 (Rome, 1960); Pulp and Paper Prospects in Latin
America (New York, 1955); World Pulp and Paper Resources and Prospects
TNew York, 1.954).

!

- ) .
—~ Kecent examples of such studies are:

William McKillop, 'Consumpticn and Price of Forest Frodusts ia the
United tates: An kconometric Study of Past Determinants and Future
Levels" (unpublished Pu.D. dissertation, Ichool of Forestry,
Un:versity of California, 1965).
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both more elaborate and simpler alternatives have been used or
suggested for use.

This part of the study begins with a brief discussion of these
alternative models or ways of making longrun projections. This is
followed by an analysis of a comprehensive series of regression
equations that were tested for use in making projections of longrun

trends in demand for the 11 major grades of paper and board listed

below:z/
Newsprint Construction paper
Groundwood paper Container board
Book paper, coated and uncoated Bending board
Fine paper Building board
Coarse and industrial paper Other board

Sanitary and tissue paper
The term "projected demand” is defined as the volume of paper

and board that will be consumed in the projection years if the explicit

i)'-/Cont:imxed

Arthur D. Little, Inec., Ohio River Basin Comprehensive Survey,
Appendix B, Projective Economic StuQx,lCambridge, Mass.: Arthur D.
Little, Inc., 1964),

Paivio Riihinen, "Sales of Newsprint in Finland, 1949-59, Models of
Short Term Forecasting," Acta Forestalia Fennica T4 (Helsinki: The
Societe Forestiere de Finlande, 1962).

G. Robinson Gregory, "A Statistical Investigation of Factors Affecting
the Market for Hardwood Flooring," Forest Science, Vol. 6, No. 2
(1960), 123-134.

Mordecai Ezekiel and Karl A. Fox, Methods of Correlation ani
Regression Analysis (New York: John Wiley & Sons, 1959).

Richard J. Foote, Analytical Tools for Studying Demand and Price
Structures, U.S. Department of Agriculture Handbook No. 146
[Washincton: U.S. Government Printing Office, 1958).

Herman Wold and Lars Jureen, Demend Analysis, A Study in 7. srometrics
(New York: John Wiley & Sons, 1953).

2/Definitions of each grade of paper and board and otner
technical names and terms used in this study are given in Appendix H.
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and implicit assumptions concerning the changes in population, economic
activity, prices, and other determinants of consumption are realized.é/
This concept has been employed in nearly all of the recent longrun
demand studies made by public and private agencies. GSuch usage is

at variance, however, with technical economic terminology where demand
is used to mean the curve or schedule which indicates the guantity of
a commodity which would be consumed (or purchased) through a range of

7/

prices.

Alternative Ways of Making Longrun Projections
of Trends in Demand for Paper and Board

The input-output model--a
complicated model still in
the developmental stages

The most complicated model that has been suggested for use in

making longrun projections of demand for paper and board and other

Q/There are three basic kinds of assumptions underlying the
longrun projections of demand for timber products in most of the
recent studies. These are (1) the assumptions concerning the
"gdemand shifters” such as population and income which determine
the horizontal movements of the demand curve, (?) the assumptions
(usually 1mp11cit) concerning the form or shape of the demand curve
(determined mainly by the marginal utility of the good), and (3)
the assumptions concerning the supply curve. Assumptions about
the supply curve are usually expressed as a price assumption which
indicates that no significant change is anticipated in the relative
price of the good in question in the projection period. This
implicitly assumes a highly elastic longrun supply curve over the
range in which demand is expected to vary.

7!

~r’Projected demand is a point on a demand curve. Once the
form or shape of the curve is defined, the quantitics o7 the eood
that will be purchased at various prices can be determined. How-
ever, the general form of the demand curve is stilt Targsiy (mknown
for the various timber products, including paper and board.
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products is the input-output or Leontief model.é/ This model shows
the interrelationships among the various sectors of the economy through
the medium of an input-output table such as that schematically illus-
trated in figure 1. In this table each sector of the economy is
represented by a horizontal rov and a vertical column. The column

for a sector shows its purchases of goods and services from all other
sectors. The row for a sector shows its distribution of output to

all other sectors. Each number in a row also appears in a column and
indicates how the output of each sector is the input to another sector.
This double-entry bookkeeping reveals how the various sectors of the
economy are linked together by the flow of trade,

The links between the paper and allied products sector and all
other sectors of the economy are illustrated in part by the data in
row 7 and in column 7 of figure 1. The sum of the numbers in row 7
indicates that the gross output of the sector was $7.90 ovillion. The
remaining numbers in this row show how this output was distributed
among the other sectors of the economy. For example, $1.03 billion
wvas shipped to the printing and publishing sector--a major market for
various grades of paper. Purchases of goods and services from other
sectors are shown in column 7. A substéﬁtial amount--%2,20 billion--

was payments to households in the form of wages, salaries, and dividendis.

8/

9/mis model was developed by Wassily V. Leontief who constricted
input-output tables for the United States for 1919, 19¢9, and 1939.
These tables were published in leontief's work, The stru:i.ce g

American Economy (Cambridge, Masc.: Harvard Univers oy Preasn, 16 .
The most recent set of input-output tables has beer niiciwi B vl
H. Goliman, Martin L. Marimout, anc Tearrice N. Jaconce . Uios Inene
industry Jtructure of the United States, A Report on the fo.o sarus-
ouiput Study," Survey of Current Business, Vol. Wl TNo. Y lawighir Lane

5.5, Department of fommerce, LO64), 10-Z9.



1 aan®BtJd

L= 91TIGEI JI0WIRON] b ON §@1 10A TWDDLIBBY I1JIIUBIIS  $IWOU03J 4ndinp-indu; JR4U09T M 1USSOM AG PAUSIiQNd 219D; D WO} PaALIAQ @Dunog

Burpunos 0f NG WS (o0 fou TR0, WO HW G uDUL SSa SWNT 0y PUDES SNSUILSO Y]
$I04295 JBYI0 W04 SIWNSUOD 1 JONM MOYS SAAQWAV G “A11021 1A DOBS S, UGSI95 D UAUM  3sI5T35 IO Of SO0'LS 4o JDUM 34D21Pul SAAquNu dy; ‘AJI0JUO2IIOY PORs
$1 40§09 0 Ydys P00 S VROPNDIIG JWOS By 00, WYL 4O MO (OINOZIIOY Yy U 0,95 T,u umdp UINGIQ 5 ALOUCHE D) Jud AN 490 40 UWINIDD DI Y4 U] ISON

LOTI S0P Gp3 06. £31 D05 2EEIHA6 OCOP 92¥:  SAVILNG SSOND WIOL
905 61§ »if 377 7 T 0 w2k wRE SCL . 6 SQIOHISNOH 0L SININAVA 20
MOH J70H3ISNOW NI Q3QNIIN: 3wy m\uu\znioJJx NC - o:; z e mm.@.»m. mzn zo_»q_uwan_m (SSOHO} NOILVINHOS TWLIdVD 3LVAING i
.10 "G .wh Pl O0s7 Dorl ymmo .vma L34 Nmm (SIXVL) ININNH3A0O Op
Wwwo 650 107 29T iDL 8T 820 120 4l %L (NOM3 SIMOMI) SIIBINNOD NOIIWOJ 6C
(00 v STgea 6oL oo % Teio 2t owo EEI {SNDI131430) 3ONYKD ANOLNIANI BE
1 i
w XIYLYM NOILIVSNVYL m SIINLSNON:
) +
AWISNON!  31YI03IMHILMI ._S.zo
[29ci [ww2] ® 810.890 300 | 68y 260 ® 900 % /00 # £00 900 90| I¥0) ONV MAII0H13d 30 SLINGONd O
sowl J9€1 ] - 610 180 060 120 852 010 o_( (900 €00 w0 080 ®¥I €60 SIVIIMIND 6
sv9  J6v1 ;600 910 200 # | :u Two we - = =TI .oo - ONINSIBNd ONV ONILNING §
06 z.ﬂll 900 610 #0C o €0 801 092 Noo . ~oo 8 Nmo . SL1IN00Nd 0311 IY ONY H3dwd ¢
687 |9v'1 150 S0 £00 800 | $401,0p 4O SUONIQ |~ ~ . = 00 100 - " - "o - - SIWNLXIS ONV MNLINGNG 9
009 [L00 900 100 £!C 41°0 | uisaunBiy 3 ON (100 #00 & fn.m..o mno mo. ¢ 200 fn‘a.‘m M_,QL $1JN004d QOOM ONV H3OWN §
2t¢ |066 s 820 05O 120 | - €00 - 200 00 - ‘961 - 020 ¥00 134Vddy »
VB E i1 200 0i0 260 900 | # 100 €00 v00 62C # .@9% :0£' & 900 S1ON00Nd TN IULXAL €
0C0» [€0€2 - €20 08! 860 ® 6,0 « §00 & v 1001900 LS 85C $17N00¥d GIMANIN ONY 0003 2
—e
92wy 1266 200250 821 (01 = 1zr - 00 - 610 200 1912 0S! 990; SIIYIHSIS ONY JUNLINJIHOV |
N 2 ,/ N, N
® :
2, ‘9,
N~ TN
&
SIWLSNONI R
¥INLO %
% .
X % -
%
¥ v Ov 6E S )
ANVYR3I0 TYNId 1S

1NdNI AYLSNONI

9|qD} ndino-—indul UD O |9pPOW IOWBYIS




-7-

The links among the sectors of the economy, as shown in an
input-output table, provide a powerful tool for analyzing and calcu-
lating the effects of a change in the gross national product, or any
of its components, on the value of the output of any sector of the
economy such as the paper and allied products industry. By using
supplementary data on physical output per unit of value, it is also
possible to convert value output data into vhysical units such as
tons of paper and board.

Using the simplest procedures that have been developed to date,
lonarun projections of demand for paper and board can be derived from
estimates of final demand and of the series of links between final-
demand and the paper and allied products sector of the economy.g/
The problems associated with obtaining longrun estimates of final
demand are common to most methods of projecting future demands for a
product such as paper and board. That of estimating the links,
however, is unique and represents a major problem area in making an
input-outyut table operational for loncrun projections. In fact, at
the present time there are not enough historical data available to
provide an ad:quate basis for projecting longrun changes in the links

/
between final demand and the various sectors of the economy.Lg

2/One of the input-output tables for 1953, ibid., measures the
total requirements (direct and indirect) per dollar of delivery to
final demand (see table 3, pp. 16-17) and the coefficicnts (l1inks)
in the table can be used directly to calculate the impact on the
various sectors of the economy from any given change in final demand.

lg/The basic data and techniques for using the input-output
model for making longrun pro,jections are novw being developed in the
Departments of Commerce and Labor. It will probably be some time,
however, before this model will be fully operational. Although it
is not operational, the input-output model offers some interesting
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A multi-equation model--simpler than
an input-output model but problems
are involved in operational use

Although all sectors of the economy are interrelated in some
degree, as indicated by the links in an input-output table, only a
few sectors are important determinants of demand for a particular
product such as a major grade of paper or voard. Thus, it is possible
to use a fairly restrictive multi-equation system in vhich only the
important determinants are included in making longrun projections.

A multi-equation system can be either recursive or simultaneous.

11/

A recursive system is illustrated by the following equations:==

Y=a bl X1 + b2 X2 + b3 X3

- t ¢ L] ’ L )
S=a'"+b 1 X 1 + b M X 4 +bY 5 X 5
P=a +P-l+b6x6+b7x7+b8){8

/

lg-'Continued

possibilities for use in longrun demand studies involving countries
at different stascs of development. It may be that the coefficients
measuring the links among the sectors of the economy are roughly
similar for countries at comparable stages of development. If this
is the case, input-output tables can be used to project demands in
countries at various stages of development--much as cross-sectional
data on in~ome have been used in several recent studies.

/
1 Adapted from a model prepared by Gregory for short rance

forecasting in the hardwood flooring market, op. cit., p. 127, This
adaptation is intended only as an illustration. It has not been
tested to see If it is operational for making longrun projections

of demand for paper and board. Presumably it would not be operational
because many of the variables included, especially price, have not
had a measurable impact on consumption.



where:

Y = annual demand for paper in tons.

Xl = per capita gross national product.

X‘ = the Federal Reserve index of industrial production.

X.. = the deflated wholesale price index of paper (deflated by
2 the consumer price index).

S = annual production of paper in tons.

X'. = X of the demand equation.

X'h = the deflated wholesale price index of paper lagged one
year.

X' = the deflated wholesale price index of wood pulp lagged
one year.

P = the deflated wholesale price index of paper.

P-1 = the deflated wholesale price index of paper lagged one
year.
x"6 = (S-, - D-.) or the difference between last year's
’ préducti&n and shipments of paper in tons.
X"Y = the level of paper inventories in tons lagged one year.
X" = (P - P-.) the annual change in the deflated wholesale

price index of paper.
In this system of equations, which is made recursive by the use of
lagged variables, demand is treated as a function of consumer-related
variatles; supply as a function of producer-related variables; and
price as the factor which causes demand and supply to move toward
equilibrium. These equations, with the lagged variables, form a
recursive causal chain which can be used to project demand year by

year (or any other interval) throuch any desired length of time.
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A simultaneous system is illustrated by the following

equations:Lg/
Y =1 (P)
S =1 (P)
P=1f (Y, S)
where:
Y = annual consumption of paper in tons.

5 = annual pro.Jduction of paper in tons.

P

the price of paper.

1]

f = a specified functional relationship between the variables.
This system differs from the recursive system because it contains
simultaneous influences between variables. Price, for example, is
simultaneously determined by the interaction of demand and supply.
In contrast, in the recursive system price is a dependent variable
and variations in price reflect disequilibrium between consumption
anl proiuction, in accord with classical price theory.

Both systems of cquations have been used in making projections.
However, Wold ani othcrsli/ have stated that the recursive system 1is
aprlicable to and preferatle for use in most of the economic problems
for which the simultaneous system has been utilized. The formulation

of a recursive system is also relatively simple in comparison with a

simultaneous system.

Lg/For information on fitting systems of two or more simultaneous
equations and computational methods, see Ezekiel and Fox, op. cit.; and
Joan Friedman and Richard J. Foote, Computational Methods for Handling
Systems of Simultaneous Equations, U.S. Department of Agriculture Hand-
book No. 9k (washinzton: U.S. Government Printing Office, 1957).

13/4o14 and Jureen, op. cit.; Mordecai Ezekiel, "statistical
Analysis and the Laws of Price, Quarterly Journal of Economics,
Vol. XLII (1928), 199-225.
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Although the recursive system is fairly simple, it is nonetheless
unwieldy when used to make prcjections over any long period of time
where repeated calculations are required, unless a computer is avail-
able. In addition, any distortions caused by random influences in
the relationships in the base year will be magnified as they are
carried through the projection period. This cumulative error is
likely to be very large in any longrun projection. This source of
error, which applies also to simultaneous models, has been widely
recognized and attempts have been made to adjust the models by changing
the value of coefficients, adding new variables, or altering the
length of 1ag.l£/ However, such attempts have been confined to
models intended for use in shortrun forecasting.

The single equation or regression
model--widely used for making

Erojections

In making lonsorun projections for a single dependent variable,

such as a specified prade of paper or board, and where the independent
variables which are important determinants of demand are known, it is
possible to use a single equation of the general form Y = £(X) where:

Y

the dependent variable,

X = the independent variable or variables,

f(X) = a specified form of relationship between the dependent
and independent variables.

This model, commonly called a regression equation, has been frequently

used for making longrun projections.

l'-E/For example, see Richard J. Crom and Wilburn R. Maki, "Adjusting

Dynamic Models to Improve Their Predictive Ability," Journal of Farm
Economics, Vol. 47, No. 4 (1965).
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The equation mathematically measures the functional relationship
between dependent and independent variables. Such a functional
relationshiplz/ is illustrated in figure 2l§/ vhich, by means of a
scatter diagram, shows the level of per capita newsprint consumption
associated with per capita disposable personal income in all the years
1929-62, It is evident that the points are arranged in a definite
pattern or band. A closer examination also indicates that annual
changes in per capita newsprint consumption and per capita disposable
personal income have generally been in the same direction. Whenever
these two things occur, it is evidence that a functional relationship
exists between the variables although nothing is implied about
causality. Under such circumstances, wﬁen the value of one variable
is ¥nown, it is possible to estimate the likely value of the other
variable.

Although it is possible to estimate values for ejther variable
when the other is known, per capita newsprint consumption would not

ordinarily be used as the independent variable for estimating per

32/Strictly speaking this is a stochastic rather than a
functional relationship because it contains a set of unexplained
residuals or error terms.

lg/The data plotted in figure 2 are time series data which show
the relationship between per capita newsprint consumption and per
capita disposable personal income in the period 1929-62. The Food
and Agriculture Organization of the United Nations in its studies of
demand for paper and hoard has utilized similar diagrams vwhich show
the relationship between consumption and income in different countries
in a given year (see VWorld Demand for Paper to 1975, and Pulp and
Paper Prospects in Western Furope). This cross sectional analysis
is particularly well adapted for use in studies concerned with
projections of demand for a number of different countrics where
income, and the associated consumption, are known. However, it is
not adaptable to the detailed time series data available in the
United States.
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PER CAPITA NEWSPRINT CONSUMPTION

Per capita newsprint consumption
in relation fo per capita dispos-
able personal income
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capita disposable personal income because the relationship 1s not
causal, i.e., a change in per capita newsprint consumption cannot

cause an appreciable change in the total output of goods and services.
On the other hand, per capita disposable personal income, which is

a measure of the buyinr power of the final consumers of newsprint,

is logically one of the primary determinants of per capita newsprint
consumption. Tims the relationship is both causal and functional

and per capita disposable personal income is one logical choice as

an inderendent variable for estimating per capita newsprint consumption--
the dependent variable.

A resression equation is an equation for a line (see the line
in figure 2) and thus represents a precise relationship between
variables. lYconomic data rarely have such a relationship because
the actual observations, as in figure 2, are usually scattered around
the line described by the regression caquation. In general, the
closer the observations to the line the greater the confidence in
the estimates derived from the equation, particularly if they are in
the range of the observations used in establishing the relationship.

Lonrrun projrctions usually extend well bevond the range of
the base observations, ani it is thus necessary to assume that the
historical relationship between the variables will continue during
the projection period. Because relationships between economic
variables are subject to change, this assumption is an important
element of uncertainty in demand projcctions extendinz as far in the

future as 19%%.
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The graphic model--the simplest
wvay to make a projection

Some relationships, such as that between time and the velocity
of a falling body, are fairly exact and should logically be expressed
by a mathematical equation. However, many of the relationships
between economic series, such as those between the consumption of a
grade of paper ﬁnd income, are not very exact or are so complex that
trey cannot be represented in elementary aleebraic terms. Under such
circumstances, and especially where there are no logical reasons for
believing a definite kind of relationship exists, a freehand curve
(the grarhic model) fitted by eye to the data, may provide a satis-
factory description of the relationship and as sood a basis for esti-
mating one variable from another as a mathematical model.ll/ In
other problems there arc not enough data available to permit the
determination of a mathematical relationship. Under these condit:ions,
a freehand curve Is the only practical means of describing the
relationship. In the final analysis, of course, the effective use of
the orarnic mode! depends on the knowledse and judsment of the analyst.

Analvsis of a Series of Resression Equations Tested
for Use in Prcjecting Lonerun Trends in Demand

R.rression equations have been widely
used in making loncrun projections but
little attention has been piven factors
wnich dctermine projection levels

A1l of the wvove models, including the variations that have been

worked out oy various researchors, are potentially usable for making

lA/Ezekicl and Fox, op. cit., pp. 101-102; and Frederick V., Waurh,
Graphic Analysis in Arricultural Economics, U.S. Department of Arcricul-
ture Handbook No. 128 (Washington: U.S. Government Printing Office,

1957).
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longrun projections of demand. However, for several decades the
regression model has beén almost universally used for projecting long-
run trends in demand for paper and board. There are several reasons
for this choice. First, it is well suited for use with the detailed
time series data that are available on consumption of paper and board
by major grades and on population, gross national product, and other
related measures of economic activity. Second, it 1s generally under-
stood by researciiers in Government and industry and can be used for
making lon~run projections without computers or other elaborate data
processing equipment. And finally, its predictive reliability seems
to be as good as any alternatives that are presently available for
operational use.

Althoush the regression model has had wide use over an extended
period of time in making lonszrun projections of demand, very little
attention has been given to the underlyving factors which affect the
projected values of the dependent variables. The importance of tiuse
factors is illustratel in figure 3 which shows projected demands for
newsprint obtained from a series of reqgression equations tested for
use in projecting demands for that product. The projected values shown
in figure 3 for 1975 range from 9.7 million tons to 15.7 million.lé/

The coefficients or indexes of determination and the standard errors

l-(i/'l‘he: pro.i«ctions of population and economic activity shown in

Appendix B, table 16, were used as the independent variables in making
these and the othor projections of demand for paper and board shown in
tables 1 through 6 in the first section of this report. Thus, none of
the difference in the pro.jccted demands for newsprint, or the other
grades used as examples, is attributable to the use of different values
for the independent variables.
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of estimate in the equations used were all in the range normally
accepted in making projections (app. B, table 1) and the differences
reflect:

13/

1. The indepundent variables used in making the projections.—

. The units used in measuring the variables, i.e., the use
of per capita or agcregate data.

3. The use of simple or multiple regression equations.

L. The form of the function, or mathematical equation, used
to describe the relationship between the variables.

5. The historical time period used as a base for the
pro,jections.

The rest of this section is concerned with a discussion of the effects
of these factors on the level of longrun projections of demand for
paper and board and the most logical choices concerning them.
Traditionally three basic criteria have

been used in cnoosinz independent vari-
ables for projecting lonarun deman:is

The indepenient variavle is, by definition, a major determinant
of the projected values for a dependent variable. Traditionally,
three criteria have veen used in choosing independent variables for
projecting demaris for paper and board and other products. These are:

1. The availability of longrun estimates or projections
of future values of the independent variables.

N

The closeness of the historical functional relation-
ships between the independent and dependent variables.

3, The causality of the relationship between the
independent and dependent variables.

Longrun projections of potentially usable independent variables
such as population, households, gross national product, disposable

personal income, industrial production, construction expenditures,
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residential construction, and prices are prepared gnd published at
more or less resular intervals by several responsible public and
private agencies.lz/ All potentially usable independent variables
for which lonﬁrun projections are likely to be available were
considercd for use in projecting demand for the major grades of paper
and board. As a first step, scatter diagrams were plotted to deter-
mine if fun~tional relationships existed between these independent
variables and cacn saor grade of paper and board (Appendix A), In

all cases where it appeared that a functional relationship existed,

Iy
L Recent major studies which have included longrun projections
of population ani’/or gross national product, and other related
measures of economic activity are:

U.S. Department of Commerce, Bureau of the Census, "Revised Projec-
tions of the Population of the United States by Age and Sex to 1985, "
Current Population Reports: Population Estimates, Series P-25, No.
320 (1066): Projections of the Pe ulation of the United States by
A-e and Sex: 10l to 1085 with Fxcensions to 2010," ibid., No. 286
(196L4); "Interim Revigsed Projections of the Number of Households and
Families: 1904 to 1930, Current Population Reports: Population
Characteristics, dJeries i-20, No. 123, (iao7).

M ssour: Bas.n Inter-Acency Committee, Standing Committce on Cormpre-
hensive Basin v ann.n-, The Missouri River Basin, Comprehensive
Framework .tud:: ireliminary Economic Projections for the Missour!:
R-ver Basin (fansas City, Mo.: Missouri Pasin Comprehensive Plan
Toonomic Work Group, 1995),

U.G. Department of A -riculture, Forest serviece, Timber Trends in the
United Itetes.

11,S., Con reas, Honuse, Jommittee on Intcrstate and Foreign Commerce,
op. cit.

Outdoor Recreation iw:sources Review Cormission Staff, National Planning
Association, and U,J, Department of Labor, Burcau of Labor Statistics,
Projections to the Ycars 1976 _and 2000: Fconomic Growth, Population,
fabor Force, Leisure, and Transportation, ORRCC Study Report No. 23
{Washington: U.S. Government Printing Orfice, 1962).

Resources for the Future, Inc., op. cit.

U.5., Congress, .enate, Lelect Committee on National Water Resources,
"Population Projections and Lconomic Assumptions,"” Water Resources
Activities in the United States, Committee Print No. 5, both Cong.,
2nd Sess., 1960.




- 20 -

regression equations were fitted mathematically (Appendix B). The
results of the sraphical and statistical tests indicated that there
were close functional relationships between changes in the consumption
of most grades of paper and board and changes in most of the independent
variables such as population, gross national product, and disposable
personal income for which projections of future values are likely to

be available.

There was ane notahle exception--price. The price of a product
has alwavs been considered an important determinant of consumption--
with consumjtion teniing to vary inversely to price changes. However,
and especially in recent years, prices of most grades of paper and
board (also wood pulp and pulpwood) have not shown much change in
relation to the general price level (fig. 4; app. C, tables 1-4). As
a result, the statistical tests showed no functional relationship
between prices art consumption (both per capita and total) of the
various gsrades of paper and board (for example, see fig. 5). Presumably
there was a conccaled causal relationship with the stability in
relative prices tveiug a contributing factor to the rapid increases in

consumption shown by most grades of paper and board.

Tests showed close functional relation-
ships between several independent
variapbles and consumption of paper and
Yoard--relationships also appeared to be
causal

Althoush tha graphical and statistical tests indicated that
there was a closc functional relationship between changes in most of
the independent variables and changes in consumption of most of the

major grades of paper and board, there is no statistical way to
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wholesale price indexes
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Newsprint consumption in
relation to price
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establish that these relationships were causal, i.e., that the changes
in the independent variables caused the changes in the dependent
variables. Yet this is a matter of great importance in making pro-
jections which extend beyond the range of the base data. The
reasonablceness of such projections rests in part upon the assumption
that the relationships in the base period will continue through the
projection period. The chances that this will occur are increased if
the relationship is causal and not a chance correlation.

While it cannot be mathematically established that the historical
relationships werc causal, it seems logical to conclude that in nearly
all cases the relationships between changes in such independent
variables as population and income and changes in the consumption of
the major grades of paper and board were both functional and causal.
Admittedly, in many relationships the cause and effect were indirect.
The volume of newsprint consumption, for example, is directly a function
of such factors as number of newspapers, circulation, frequency of
publication, number of pares, and page size. OSomewhat more indirectly,
consumption can te considered as a function of such things as the
demand for advertising and news space; prices of newsprint and
advertising space; and income of subscribers, advertisers and other
customers.gg/ However, longrun projections of these and the more
direct determinants are usually not available and thus they are not
readily adaptable for use as independent variables.

Changes in the direct determinants are, of course, a function of

changes in the aggrecate variables such as population and gross national

gg/l'{iihinen, op. cit.
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product and the effects of the direct variables on demand are thus
fmplicitly included in any model using these aggregates as the indepen-
dent variables. Also most of the overall measures of economic activity
used as independent variables, such as the gross national product,
implicitly include the effects of a host of factors or influences such
as the level of literacy, consumer tastes, and technological develop-
ments which cannot be readily quantified and/or explicitly recognized
in a regression equation

Several independent variables meet

traditional tests--but the projected

values of the dependent variavles are
substantially different

Thus on the basis of causality and the other criteria that have
traditionally been applied (see pase 18), it appears that several
independent variables could be used in projecting demands for most of
the major «raldes of paper and board. The various possibtilities for

/

container ‘ooard?-l --the most important grade of paper and board in
terms of volum: consumed--are as follows:

Popiilation

Households

Gross national product

Disrosable personal income

Industrial production
However, the use of these independent variavles results in projections
that are substantially different, especially by 1935. This is illus-

trated in table 1 and fieure 6. The data in this table and fisure were

derived by holdinc constant all the othcr factors that affect the level

gl/Newsprint, sanitary and tissue paper, and container board have

been chosen as representative grades to illustrate differences result-
ing from changing independent variables, functions, time periods, etce.,
in the text of this study.
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of a projection, i.e., the form of the equation, the historical time
period used as the base for the projection, the units used in measuring
the variables, and the kind of equation (see page 18) and reflect only
the effects of the different independent variables. With these
restrictions, projected demands for container board in 1985 ranged
from 14,6 million tons to 16.1 million tons.

Part of the difference in the projections may be due to chance.
The level of a projection, particularly one extending as far in the
future as 1985, is very sensitive to the values of the observations
at the beginning and ending of the time period used as the base. Thus,

o2/

any chance variation I{n one of the independent variables—' in these
critical periods could alter the slope of the regression line and
materially affect the level of a projection. However, there was no
evidence that this was the cause of the differences as projections
obtained from a series of tests, using different time periods (see

data in tables 1, %, and 8 in Appendix B), showed about the same rankinc
and amount of variation as those in table 1.

In appraising the differences shown in table 1, it should be also
noted that projections have a steadily widening »and of uncertainty--
one that would be quite large by 1985. Some indication of the width
of this band can be obtained by calculatinc the standard error of the

forecast. Of course, standard errors of forecast have no real meaning

because they do not apply to projections, which by definition are

ga/Chance variation in the dependent variable would tend to affect
the results obtained from the different independent variables in much
the same way and would not be a cause of differences in the projections.
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conditional statements about what will happen under given assump-
tions.gl/ There is also a theoretical question about the applicability
of all error formulas to the time series data used in the equations.
Most statisticians feel that error formulas can only be used with

sample datn drawn at random from a bivariate or multivariate normal
universe--a condition that does not hold for the economic time series
data used in the equations.gh

Trerds in per capita use give best

indication as to which independent
variable to use

Althoush chance could be involved, all tests indicated that the
differcnces in the projections reflected the basic relationships
between the variavles. Thus the choice of the independent variable
is an important consideration.

There was no statistical basis for choosing among the several
independent variables that could be used for projecting demands for
container boari or any of the other major srades of paper or board
(see data in the tables in Appendix B). Generally, the relationships
were causal, the standard errors of estimate were in the range usually
acceptedmin maltine projections, and changes in the independent variables

erplained nearly all of the variation in the dependent varicbles--more

than 94 percent of the total in the case of container board.

g-3-/13‘ forecast is an unconditional statement as to what will
happen.

EE/F‘or further discussion of this point see FEzekiel and Fox,

op. cit., pp. 15329,
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Trends in per capita use seemed to provide the best indication
of which of the independent variables to choose for projecting demands
for each of the major grades of paper and board. For those grades
where there has been little or no increase in per capita consumption
in the time period used as a base for the projection, future changes
in total use can logically be expected to be a function of changes in
population or households. For those grades where there has been 2
siow increase in per car.ta use, presumably in response to increases
in the output of roods and services or income, some measure of economic
astivity, such as the gross national product, appears to beAthe best
choice as an independent variable for projecting total demand.

Either per capita or aggregate data
can be used in projecting demands for

most erades of paper and board but per
capita data preferred where usable

Ir actual fact, therc have been fairly rapid increases in per
capita consumption of most of the major -rades of paper and board.

These <increases have shown a hich correlation with qrowth in per carita
eross national product and per capita disposable personal income. Thus,
for most crades of paper and board, it is possible to use either per
capita or agrrecate data in making projections.

This is another important choice because the projections derived
from the use of equations with per capita data were usually substan-
tially different from those obtained from equations using aggrecate
data (table 2; fig. 7). For example, projected demands for container

board, derived from the equation Y =a + b log X with all other

factors influencing the level of the projection except the unit of
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of per capita
and aggregate
data on projec-
tions of demand

INDEPENDENT VARIABLES
1. Per Capita GNP

2. GNP

3. Per Capita DPI

4. DPI '
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measurement held constant (see list of other factors on page 18),
ranged from 16.1 million tons (aggregate data) to 20.2 million tons
(per capita data).

The regression equations used in deriving these figures met all
the tests commonly applied in determining suitability for use in
making projections and thus there was no statistical basis for choosing
between per capiﬁa and aggregate data. However, where the correlations
between per capita use and per capita gross national product or per
capita disposable personal income are in the range usually accepted in
making projections, statisticians recommend that per capita data be
used because the relationships between per capita consumption and per
capita output or income are relatively direct and not confused by the
growth in population which accounts for part of the change in aggregate

25/

consumption and output or income .= As a practical matter, the
projections obtainel when per capita data were used also seemed to be
more in line with historical trends than those obtained from aggregate
data, especially when equations of the general form Y = a + b log X

26/

(fig. 8) or log Y = n + b log X were used.=

Althouzh it seems fairly clear that per capita data should be
used for project:ons where possible, there still remains a choice betwcen
the use of per capita disposable personal income and per capita gross

national product as the independent variables. Because these independent

gz/Foote, op. cit., p. 23; and others have recommended the use of

per capita data wherever applicable for this reason.

gé/The tests showed that projections obtained from household data,
i.e., consumption per household and output or income per household,
also gave projections of demand which were in line with historical
trends. However, since the projections of households are derived from
population projections, it seemed simpler and easier to use the per

capita data.
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variables are very closely related, the projected values derived from

their use are about the same, and this choice is not a matter of much

practical significance.

The use of fjrutwdjrferences
considered but not used

In attempting to decide how the variables were to be measured
during the exploratory stages of the study, the use of "first differ-

2/ .
ences"—i wis ~onsidered as an alternative to using actual aggregate

p
or per caypita data. According to Foote:4§“

" . first 4ifferences should be used in preference to
actual :data when the successive unexplained residuals from
single-equation analyses vased on actual data are almost
perfectly serially correlated with a positive sign . . .

If the unexplained residual in one year on the average equals
a fixed proportion of the unexplained residual in the pre-
ceding year plus a random variable, resulting in some degree
of positive serial correlation, then a transformation to
first differences may remove some of the serial correlation
in the residuals. If the serial correlation is less than
0.5 or negative, a conversion to first differences tends

to make the ‘lezree of serial correlation in the residuals
greater in the transformed than in the original analysis

and first iifferences should not be used."

Several series of resiimals for different crades of paper and board
. ) . 29/ .
were tested for serial correlation. All tests indicated a low or

negative correlation and thus first differences were not used in this

analysis.

aer

ii’First 4iifferences measure the change in each observation from
that of the pre:edinz year. They may be expressed in terms of actual
year tc year "nani€s, as percents, or as first differences of logarithms.

gé'/l’-'oot.e, op. cit., PP. 29-30.

-

iz/Computer "print outs" of the calculated values of the dependent
variables and the "residuals,” i.e., the difference between the actual
and calculated values for all the equations tested, are on file in the
vashington Office of the Forest vervice. These print outs also show
the correlation coefficients between the independent variables.
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Simple regression equations preferred
to multiple regression equations

The preceding discussion has been concerned with choices among
regression equations with a single independent variable, that is, simple
recression equations. 1t is also possible to use equations with more
than one independent variable or multiple regression equations. This
alternative is another important consideration in projecting demands
for paper and board since the projections obtained from the two kinds
of regression cquations, with all other factors affecting the level of
the projection held constant (see list of other factors on page 18),
usually showed fairly large differences. For example, the projections
of demand for container board ranged from about 16 million tons with
the multiple regressions to 20 million tons with the simple regression:s
(table 3; fig. 9).

The statistical measures obtained from the tests showed that a
little more of the variation in the dependent variables was exnlained
by the multiple resrescions. These tests also showed a hich correlation

amonz the indejer lent variables such as population and income or outnut

Ny

i

available for usc in maltiple regressions.—g/ Gencrally this corre-
lation (multicollinearity) among the independent variables is consideredl
as undesirable by statisticians because it results in a distortion of
the b coefficients in the equations. The coefficients or indexes of
partial correlation are also distorted,and it is difficult to determine
the net explanatory cffect of each of the independent variables. Because

of these distortions, the simple regressions seemed to be preferable

for projecting demands for paper and board.
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Effects of use
of simple and

multiple regres-
sions on projec-
tions of demand

INDEPENDENT VARIABLES
t. Per Capita GNP

2. Population and Per Copita GNP
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It should be noted that there is no statistical evidence that
the projections obtained from multiple regressions, with highly corre-
lated independent variables, are likely to be less reliable than those
from simple regressions. However, the projected values, particularly
the per capita valucs, obtained from most of the multiple regressions
tested, appear to be below the levels which an extrapolation of his-
torical trends wonlid indicate as beiné reasonable.

The determination of the form of
the functional relationships between

economi.c series is a major problem
in regression analysis

As brought out earlier, a regression equation is a means of
mathematically measuring a relationship between variables. The relation-
ships between most economic variables are complex and not very exact,
and the determination of an equation which best describes the form of
the relationship is a major problem in regression analysis.

If traced over a long enough period of time, relationships
between consumption of most grades of paper and board and income have
shown a typical pattern. GStartine from a low level, the dependent
variable first teris to rise very rapidly in rclation to the indepen-
dent variable, then .raitually slows as the change associated with
another increment in the independent variable becomes prosressively
smaller. This kind of a functional relationship is illustrated by the
curve in figure 10. This curve or function also aprroximates the
general concept of a production function and the growth curve followed
by many plants an. ani@?IS.

The mathematical equation for the curve in figure 10 is complex.

However, it can be broken into three segments whose general forms can
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be described by the simple equations log Y =a + blog X, Y = a + b X,

and Y

it

a +b log X. Two of these equations, Y = a + b X and

log Y = a +b log X, have been used in projecting demands for paper

and board.

Statistical tests indicate three
different equations describe historical
relationships about equally well but
level of projections show wide
differences

In this study all three equations were tested to see which best
described the relationship between consumption of each of the major
arades of paper and board and all of the independent variables where
graphical analysis indicated a reusonab1y>close relationship existed.
It was expected that there would be significant differences in the
fit of the equations to the data and that it would be possible to deter-
mine mathematically which best described the historical relationships.
However, all three eauations seemed to describe the historical
relationshirs between consumption of the major grades of paper and
voard and the iriepenuent variables about equally well. The differ-
ences in the coefficients or indexes of determination and in the
standard errors of estimate among the equations tested were not large
(see Avpendiz B), and there was no statistical basis for selecting one
as the best f{or maxing projections.

Despite the apparent lack of differences in the fit of the three
equations to the historical series, the projections obtained (with
all other factors affecctine the level of projection held constant) were

widely different (table b; fig. 11). In most of the equations tested

the highest projections were derived from the equation



Table b.--Effects of use of different regression equations on projections of demand for selected grades of paper and board
(A1l projections based on the relationships in the 1948-63 period)

-4 -

Consumpt ion Projected demand
Variable and 1963 1970 1975 1980 1985
regreasion equation
Per Per Per Per Per
Total | .apita| 7081 |capita| %81 |capita | TOP8l [apsea | TO8l [ anita
Thousand Thousand Thousand Thousand Thousand
tons Pounds tons Pounds tons Pounds tons Pounds tons Pounds
Newsprint:
Per capita nevsprint consumption
is a function of per capita gross
national product
Y=a+bX 7,557 79.80 | 8,891 85.49 9,977 | 89.48 | 11,263 93.47 | 12,760 98.15
Y=a+blogX ' . 8,788 | 84,50 9,786 | 87.41 | 10,852 | 90.06 | 12,076 | 92.59
logY=a+Dblog X " 8,83 8k .9l 9,8k0 88.25 | 11,012 91.39 { 12,329 94,84
Sanitary and tissue paper:
Per capita sanitary and tissue paper
consumption is a function of per
capita disposable personal income
Y=a+tdX 2,566 27.10 | 3,815 | 32.84 | L,208 | 37.7H | 5,138 | 42.64| 6,332 | WB.M
Y=sa+dlogX 3,282 31.56 3,919 35.15 4,632 38.44% 5,482 h2.17
logY=a +blogX " 3,477 33.43 4,563 ko.92 5, TTh 47.92 7,452 57.32
Container board:
Per capita container board
consumption is a function of per
capita disposable personal income
Y=a+bX 9,846 |103.97 | 12,735 |122.45 | 15,416 |138.26 | 18,564 [154.06 | 22,573 |1T73.64
Y=a+dlogX " 12,284 |11B.12 | 14,863 |129.71 | 16,910 |140.33 | 19,807 |152.36
log Y=8a +blogX 13,078 {125.75 ] 16,134 [14k.70 | 19,828 |164.55 | 24, 74T |190.36
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log Y = a +Db log X, intermediate projections fromY = a + b X, and

the lowest projections from Y = a + b log X (see Appendix B). For

example, the projected demand for container board in 1935 obtained
from projecting the relationship between per capita consumption and
per capita disvosable income in the 1947-63 period ranged from a low

of 19.8 million tons (Y = a + b log X), to an intermediate level of

22.6 million tons (Y = a + b X), and a high of 24.7 million tons

(lLog Y = a + b loz X).

Savstantive and theoretical considerations
indicate that the eaquation ¥ = a + b lon X
is the best choice for projecting longrun

demands for most grades of paper and board

Althourh the standard statistical measures, such as coefficients
or indexes of determination and errors of estimate, provided no basis
for choosing among eauations, there were other grounds for making a
choice. First, a visual examination of the plotted relationships
between most gfades of paver and board and the independent variables,
which seemed suitable for projecting demands, indicated that most
relationships were of the general form described by the eaquation

Y =a + b loz ¥ (see araphs in Appendix A).

Second, for most grades of paper ani board and most test relation-

ships, the projections obtained from the equations log Y =a +b loz ¥

and Y = a + b X fitted to the data in nostwar years were substantially
below those obtained when they were fitted to data that included the
prewar years (Appendix B). This means that the slope of the lines
describing the actual relationships has flattened out and susggests

that the relationships for most grades of paper and board were approach-

ing the general form of the equation ¥ = a + b log X.
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Third, the residuals--the differences between actual consumption
of a grade of paper or board and the calculated consumption derived

from the equations Y = a + b X and log Y = a + b log X--tended to be

grouped for most grades of paper and board,with actual consumption
being above calculated consumption in the middle of the series of data
and below the calculated values near the extremes. In contrast, the

distribution of the residuals around the equation Y = a + b log X

tended to be randomly distributed--a further indication that this
equation best described the historical relationships for most grades
of paper and board.

The above evidence on the choice of equation is in arreement with
the theory of diminishing marginal utility of income., This theory
indicates that as an individual's income rises veyond some threshold

value (the point of change from equation log Y =a + b log X to equation

Y =a +b X in figure 10) a progressively smaller portion of each incre-
ment will be spent on any civen good. Thus, beyond the threshold value,
the income elasticity of demandzg/ for a given zrade of parer or board
declines as income rises, and the form of the function describing the
relationship gradually flattens out until the chan~e in per capita con-
sumption associated with an increment of per capita income becomes

infinitesimal--a characteristic of the equation ¥ = a + b log X.

Some evidence of a decline in the income elasticity of demand is

vrovided by the following data which show the averace ver capita income

/
gg/The income elasticity of demand is defined as the percentage
change in quantity demanded resulting from a 1 percent change in
income when other factors such as prices are held constant.
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elasticity of consumptionzi/ of newsprint for various periods between

1920 and 1963.
Per capita income 3_/

Time period elasticity of consumption
1920-35 1.09
1925=40 0.7k
1930-40 and 1948-53 .66
1935-40 and 19u48-58 .62
1947-61 .61
1947-62 .58
1948-61 Ll
1948-62 43
1948-63 .39
1949-61 .35
19L0-62 .35
1940-63 .31

The logic behind the theory of diminishing marginal utility of
income can be applied in other ways, such as the use of building board
per unit of construction, or the use of container board per unit of
soods packaged. For example, building board is adaptable for only a
few uses in residential construction, such as sheathing and subflooring,
and once these uses are taken over per unit use levels off, both as
an average for all units built and in individual units. There are also
1imits on the amount of container board that can be used per unit of
goods packaged.

Of course, this reasoning, which indicates that per capita or

per unit use must in the longrun approach a saturation value, does not

g-]-'-'/'I‘he percentage change in per capita consumption associated
with a 1 percent change in per capita income. These estimates are b
coefficients obtained by fitting the equation log Y =a +b log X to
data showing per capita newsprint consumption and per carita gross
national product in the indicated periods. The b coefficient obtained
from fitting this equation to cross sectional consumption and income
data is a direct measure of the average income elasticity of demand
over the specified range of income.
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necessarily apply to total or aggregate use. As long as there is no
actual decline in per capita or per unit use, total consumption of
the various grades of paper and board will rise if there are increases
in the magnitude of the independent variables, such as the gross
national product or construction.

Although the equation Y=a+blog X

seems to be the best choice for projecting

longrun demands for most grades of paper

and board, it is necessary to look carefully

at all factors which give some indication
of the form of the relationship

In summary, it seems fairly clear that the relationship between
consumption of most grades of paper and board and the independent
variables tested has approximated the peneral form of the equation

Y = a + b log X and that an equation of this general form is the best

choice for making loncrun projections for most grades. There were,
however, some important exceptions. Consumption of a few grades of
paper and board, such as sanitary and tissue paper and container board,
has been rising rapidly and the analysis of the graphs showing historical
relationships, the levels of the projections obtained from the two base
time periods, and the distribution of residuals around the lines of the
three equations indicated that the linear equation ¥ = a + b X best
desceribed the general form of the relationships. Because of such
exceptions, it is necessary in choosing an equation to look carefully

at all the factors which give some i{ndication of the form of the rclation-
shiv in the base projcction period.

The eauation loz Y = a + b log X, in which the income clasticity

of demand i35 constant, did not appear to be a desirable choice for

projectinz lonzrun demands for any grade of paper or board. However,
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it should be noted that in the period following the introduction of
specific grades of paper or board, as new markets are being taken over
and new uses developed, this equation may be the best to use, especially
for making fairly shortrun projections.

The postwar period is the best choice
as a base time period for projections

As some of the above discussion has indicated, one of the impor-
tant determinants of the level of a projection 1s the time period or
years used as a base in fitting the equation. Two base time periods
were tested in this study--(1) a period which included all prewar years
1920-61, exclusive of World War II years, for which data were available,
and (2) the postwar years, i.e., 1947-61 in most tests. The rather
substantial differences in the projections obtained from fitting the

same equation (Y = a + b log X) to the data in these two base periods,

while holding all other factors which affect the level of the projection
constant, are shown in table 5 and figure 12. For container board the
projections ranged from 16.9 million tons to 19.5 million tons, a
difference of 2.6 million tons.

An analysis of the statistical measures obtained in the tests of
the two base periods (Appendix B) indicated that in nearly all cases the
a and b coefficients obtained from equations fitted to the postwar
period were significantly different from those obtained when the prewar
years were included. This reflects a structural chanpe in the
relationships--presumably that associated with diminishing marginal

utility. Statisticians generally agree that when there is evidence of
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such structural changes the latest period, in this case the postwar
period, is the better choice as a time base for proJections.ig/

Projections are esggciallx gensitive to
the values of the observations at begin-

ning and ending of projection period

In addition to the tests of base time periods, a series of tests
were run to determine the effects of including or excluding years at
the beginning and ending of the postwar period. These tests indicated
that any deviation of the observations at the beginning or ending of
the base period from the normal pattern of the relationship had an
important effect on the level of the projection. For example, the
projected demand in 1985 for newsprint obtained from fitting the function

Y =a + b log X to per capita data in the period 1947-63 was 12.7 million

tons--nearly a million tons above the projection obtained from using
1949-63 as the base period (table 6, fig. 13). The a and b coefficients
were also significantly different.

It was established that newsprint was in short supply in 1947 and
that consumption was abnormally low. As a result, the slope of the line
describing the relationship between the series which included this low
observation was steeper than it otherwise would have been and the level
of the projection was higher. Where such abnormal or special conditions
prevail, it has been the general practice of statisticians to exclude

the affected observation from the analysis.

This practice, however, has not been generally arplied to high or

low observations which reflect cyclical fluctuations. For most grades

2/&e FOOtE, OEO C1to, pp. 20-210
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of paper and board these cyclical fluctuations are large enoﬁgh to
have a tilt effect on the slope of the line describing the relation-
ship. This can be of major importance if the cycles occur at the
beginning or ending of the base period where observations have the
maximum impact on the slope of the relationship and the level of the
projection. Thus, the use of observations, which may be high or low
because of cyclical fluctuations, must be carefully considered if they

occur in these critical periods.

In projecting demands for paper and board

it is desirable to make segﬁate projec-
tions for the major g%des t the sum of
these m.lectionl Ry about the same as
a single projection of to 1 demand

As indicated in the introduction to this section, all grades of

paper and board were classified into several major grades in common use
in industry and government. Such a classification provides more use-
ful information for the paper and board industry where most firms are
interested in prospective growth trends in specific grades., In addi-
tion, better estimates of wood pulp requirements (shown in the second
section of the study) can be derived as both the use of new wood pulp
and the mixture of the various types of new wood pulp vary widely

among the different grades of paper and board manufactured. Because
many grades of paper and board have shown widely varying rates of
growth in consumption, it also seems logical to expect that more
reliable projections can be obtained by working with the separate grades,
.particularly vhere the varying rates of growth have been related to

growth in different sectors of the economy.
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There is a question, however, as to whether a projection of
total demand for paper and board obtained by summing the projections
for the major grades would be statistically as reliable as one obtained
by projecting such a total directly. The tests showed that the coeffi-
cients or indexes of determination, which may be the best indicators
of the reliability of a projection, were slightly higher for a pro-
jection of all grades combined than for most of the projections made
for individual grades. The tests also indicated, however, than when
most of the factors which affect the level of a projection, such as the
regression equation and base time period, were the same, the difference
between the sum of the projections of individual grades and a projected
total for all grades was small and of no practical significance (table 7).
Some general guides on_the use of
regression equations in projecting

longrun demands for the major grades
of paper and board

This concludes the analysis of the series of regression equations
tested for use in projecting lonarun trends in demand for the major
grades of paper and board. This analysis indicated that there are some
general guides on the use of regression equations for projecting long-
run trends in demand for these products. These are summarized as follows:

1. On the choice of an independent variable and the use of per
capita or aggreggte data.

For those grades of paper and board where there has been
little or no increase in per capita use in the time period
used as the base for the projection, and no indication of
change, population or households logically is the best
choice for projecting demand (agegregate demand).

For those grades where there has been a slov increase in
per capita use, presumably in response to growth in the
output of goods and services or income, gross national
product or disposable personal income logically is the
best choice for projecting demand (aggregate demand).



- 55 -

Sutpusq PUW ‘pIwoq JITFWIUOD ¢ Joded anesii pue Arejjues
:pawoq puw Jaded I03

‘pIw0q M3 3onpoad [wuoTIW 9028 w31dwo Jad pue uopyeTndad
-aeded 2OT3ONJIRUO)  UOTIINIISUOD TETIUIPISaL pUe uwogjeTndod
‘pIvoq Surping pus Jaded TETIIENpOl PuUB IBIEC) :qonpoad teuorieu ssosd witdes 1y

¢ zaded supg ‘aeded gooq *

PR

pIw0Q

jutadsasy :amosut peuosaxd s1qeeodstp witdes 3y °®

S9peI8 1WNPIATPUT JO WS ay3 WIOF O} DIBN 3J3A $ITQUTIRA Juspuadaput SUTAOTIO) UL 7

1

10°L19] o2z'og | om‘ogs | w669 | 16°LwSy 21’19 | EETIS Lit'es “ /1 siskTeus oped®
239I9dos WO DPIATIIP PRI TWNPIATPUT JO WNE
LE°L79| gs2‘op | @2 6LS | €08'69 | w9TEMS 91909 | 05°w0s | gom‘es M " aonpoad Teworaeu ssoxd wiidws Jad
g9-€29| 8LO°1g | 2€°68S | TES'QL | 9m°N8S gan‘to | 6n-N1s | LOS‘ES "9 £16°En smoouy Twuossad arqusodstp 93jded Jad
130 uor3oung
% 87 uoidemeucs pIeoq puw Jadwd ®31dwd Iad
{pawoq_pus Jedwd
-19°w62| LOE‘gE |gt-wi2| 290°EE | €2 952 099‘ge | vg-Sk2 | 926 %2 /1 stsiteue apwsd
23uredas WO DAATIIP SIPI TWNPIATPUT JO WNG
¢s-g6z| zZlg'gt | @s-gle| @2E‘EE | £0°952 in6'g2 | on'€e2| oge’we " " 3onpoad Teuoizeu seodd® witded I
oy°20€ | 2tE‘6€ | n2cope| 69L°EE | 897092 990‘62 | 2662 | 688w 112 LE6°61 amoouy Twuostad arqeeodstp w3tdes Jad
130 WOTISUNS ¥ 8] uoTIdENIUCD PIwOQ wy1ded Jag
Lpaeog
on-zzE| En6'wy | 207908 | 2£g'oe | @9°162| 26‘ek | 6n'ale 16982 /1 s1ekeue apetd
s1uIudas WOXJ PIATJIIP Sapwld TNPIATPuUl JO Wng
1g°glE| Sw'ly | @9 206 | ELn"9E | 29°Li98 ooz Lotz t6U'ge N M qonpoad {wuoijwn ssosd witded Jad
16126 | QL‘Ty | gT°s0E| wll‘9f | 1g'062| Sey‘et | 812 619‘ge | tse 9L6‘te sm0out Teuossad ajqusodsip wardes 1ad
130 uojjoung ® 87 uoyidEnsucd Jaded w3tded x3gd
‘adng
TPUNOg a0y spundg [ -5 punod Uy spuncd ns.ulll spanod [,
pueeTouy, puenOyl puesnoyl puenoyl PUNIOY],
wided nide w31ded »31ded nide
sad 1930l g | N aag ™oz p " 2ag ™
<gét 0g6t 61 a6t £961 stawiea
puwssp padefoxd uoTdEnIu0)

10/

(19-Ln61 po132d ay3 uT w3p 03 PN X ¥ora+9 = X
103 #U0}399[01d JO ans YITA PJwOq puw I




- 56 -

For those grades where there has been a fairly rapid
increase in per capita use, and a good correlation
between changes in per capita use and changes in per
capita output or income, per capita gross national
product or per capita disposable personal income
logically is the best choice for projecting demand
(per capita demand).

2. On the choice between simple and multiple regression equations.

Simple regression equations are preferable to multiple
regression equations for making longrun projections with
the independent variables that are available for use.

3. On the choice of an equation describing the form of the
relationship.

An equation with the general form ¥ = a + b log X is prefer-
able for making longrun projections of demand for most grades
of paper and board. However, for grades where consumption
has been rising rapidly, the equation Y = a + b X may be the
best choice, at least for the years immediately ahead., There
was no evidence that the equation log Y = a + b log X, which
implicitly assumes a constant income elasticity of demand,
vas a desirable choice for projecting longrun trends in
demand for any grade of paper or board.

L. On the choice of a base time period.

The post World War II years are preferable as the baée time
period for making longrun projections for all grades of
paper and board. Observations for individual years, particu-
larly those near the beginning and ending of the base period
which deviate from the normal pattern of the relationship
should be carefully examined and omitted if abnormal or
special conditions prevailed.

The use of these guides will not necessarily result in a more
accurate forecast of future trends in demand for the major grades of
paper and board. Such use, however, does require consideration of the
~actors which determine the level of projections obtained from regression
equations and provides a more logical foundation.

The above guides were used in making the projections of demand for
the major grades of paper and board, shown in the following section.
Graphical analysis was also extensively used in appraising the results

obtained from the regression equations, and in determining the projected

values shown for each grade.



PROJECTED DEMANDS FOR PAPER AND BOARD,
WOOD PULP, AND PULPWOOD

"The question is not whether economic analysis can, in a

changing economy, give highly accurate forecasts on which

to base plans. It is whether economics can give a better

answer than would otherwise be obtainable.”

This section of the report presents projections of demand for
the major grades of paper and board to 1985 by S-year intervals.
These projections are also converted into equivalent demands for wood

pulp and pulpwood. The discussion begins with the basic assumptions

which in large part determine the level of the projections.

Basic Assumptions

The analysis in the preceding section indicated that it is
desirable to use several different independent variables, such as
population, gross nationﬁl product and disposable personal income
(total and per capita), industrial production, and construction in
projecting demands for the various grades of paper and board. The
assumed future values of these independent variables are shown in
table 8 and discussed below. There is, of course, a lot of uncertainty
associated with these assumed values because it 1s not known to vwhat
degree the underlying determinants such as the fertility of women,
productivity of the labor force, institutionms, and technology will

change.

3;/S. T. Dana, "Functions of Forest Economics Research,” Research
in the Economics of Forest (Washington, D. C.: Charles Lathrup Pack
Forestry Foundation, 1953).

- 5T -
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Population and economic
growth
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ation estimated at 260 million
in 1985--about_33 percent above 1965

Population has been one of the major determinants of aggregate

demand for paper and board. In the 20 years between 1945 and 1965,
population rose from about 140 million to 195 million, an increase of
39 percent (table 8; fig. 1u),3&/ Most recent projections indicateL2/
that growth will continue although at a slower rate. On the basis of
such expectations, it was assumed that population would amount to 260
million in 1985. This represents an annual rate of growth of about

1.5 percent, which is somewhat below the average of 1.7 percent between
1945 and 1965.

The assumed population in 1985, and the other projection years
shown in table 8, is close to the median of a series of projections
published by the Bureau of the Census in 196&32/ and a revised series
published in 1966.3§/ The median of the most recent Census series is
below (about 6 percent in 1985) that of the Census series prepared for

the Semate Select Committee on Water Resources in 1960,3L and the

3-,-*-/The estimates of population and housing starts in 1970 and
1980 used in this study are the seme as those in Timber Trends in the
United States. Estimates for 1975 and 1985 are interpolations of the
decadal figures shown in that report.

32/0.3. Department of Commerce, Bureau of the Census, "Projections
of the Population of the United States, by Age and Sex: 1964 to 1985
with Extensions to 2010."

ié/u,s_ Department of Commerce, Bureau of the Census, "Revised
Projections of the Population of the United 3States, by Age and Sex to
1985."

3I/U.S., Congress, Senate,Select Committee on National Water
Resources, op. cit.
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estimates used by the Outdoor Recreation Review Commission.ig/ It is,

however, substantially above that of the projections used a decade or

80 ago .32/

Gross national product to more than
double by 1285--most other related
measures of economic activity show
similar increases
Largely on the basis of the expected increase in population and
the assumption that récent trends in the proportion of the population in
the labor force, hours worked, and man-hour productivity will continue,
the gross national product was projected to rise from 3604 billion in
1964 to $1,310 billion in 198559/ (1961 prices) (table 3; fig. 1k). This
represents an annual rate of increase of 3.75 percent, slightly above the
average rate in the last decade and a half but substantially below that
of the last few years. Per capita gross national product in 1935
averages $5,040, about 61 percent above the average of 33,140 in 1964.
Other measures of economic activity are also expected to show
rapid growth. Disposable personal income is projected at $920 billicn
(1961 prices) in 1985--an increase of about 118 percent over 196L.
Per capita disposable personal income, the preferred independent variable
for projecting demands for most grades of paper and board, rises from

$2,200 in 1964 to $3,540 in 1985.

lg/Outdoor Recreation Resources Review Commission, oOp. cit.

32/0.5. Department of Agriculture, Forest Service, Timber Resources
in America's Future.

Eg/ProJections of gross national product and the other measures
of economic activity used in this study are above those used in Timber
Trends in the United States, p. 8. This upward revision brings the
projections more in line with recent rates of growth in economic activity
and current expectations of future growth.
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Relative price relationships
assumed to remain about the same

As indicated earlier, prices of paper and board relative to the

prices of other commodities have been fairly stable in the last decade
or so (fig. 4; app. C, tables 1 and 2). In making the projections of
demand for the major grades of paper and board, it was assumed that
these recent relationships would continue through the projection period.

Implicit in this assumption are further assumptions that there
will be adequate supplies of raw material,including wood, available
to the pulp and paper industry and that technological improvements will
keep pace with those in competing industries. These are reasonable
expectations in view of the prospective supplies of wood and other rawv
materials in the projection period and the long history of technological
progress in the paper, board, and wood pulp industries.

It is, of course, possible that growth in demand for paper and
board, wood pulp, and pulpwood of the magnitudes envisaged in this
study will result in price increases because of limitations on labor,
rav materials, or capital. However, there are reasons for believing
that the demand for paper and board is rather insensitive to changes
in price and thus is not likely to be much affected by any price change
which could reasonably be assumed to be in prospect in the projection
period.&l/ This price insensitivity, or inelastic demand, reflects
in part the lack of acceptable substitutes for paper or board in most
end uses. It also reflects the low cost of paper or board in the items

used by final consumers. In fact for many products such as books,

l-"L/Because prices were fairly stable in recent years, it 1s
impossible to derive a quantitative measure of their impact on
consumption.
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toilet paper, and various kinds of containers, the cost of the paper
or board to the final consumer is so small in relation to the total
price of the product or the income of the consumer that even fairly
large changes in tonnage prices are unlikely to have much impact on

consumption.

Many;uns%eted‘iiﬁﬁiﬁgigaﬁ under-

lie projections of demand
There are many implicit assumptions underlying the projections

of demand for paper and board. For example, historical statistics
were used in making all projections. These statistics are in part the
end result of forces, such as the educational level of the population
and consumer tastes, that are not explicitly recognized but which are
implicitly assumed to continue to operate much as they have in the
past.

Because of such simplifying assumptions and the use of simple
mathematical equations, all projections are "trend" projections which
do not show cyclical or random fluctuations. The meaning of a trend
projection is illustrated in figure 2. The solid line in this figure

was calculated from a regression equation ¥ = a + b log X and 1is the

trend level of consumption with this equation. Actual consumption,
as shown by the dots in figure 2, fluctuated around this trend level.
This fluctuation, caused by many factors, is expected to continue
and actual demand is likely to vary around the projected trend level

much as it has in the past.
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Projections of demand for paper and
board are conditional statements based
on many assumptions--they should be

rerun at frequent intervals
From the above discussion and the analysis in the preceding

section, it should be clear that projections of demand for the major
grades of paper and board are determined by a host of stated and
implicit assumptions. Thus, the projections are conditional state-
ments which indicate the level of consumption that would come about
if the assumptions concerning the form of the relationships, popula-
tion, income, and all other determinants were realized. This, of
course, is not likely to happen, and it is therefore highly desirable
to rerun projections at fairly frequent intervals so that unforeseen
changes in the relationships and turning points in the trends in such
factors as population, economic growth, consumption, productivity,
technological developments, and prices can be taken into account.
Perhaps Mark Twain best expressed the need for frequent new appraisals
in his famous comment on proJections:Eg/

" . . . In the space of one hundred and seventy-six years
the Lower Mississippi has shortened itself two hundred and
forty-two miles. That is an average of a trifle over one
mile and a third per year. Therefore, any calm person,
who is not blind or idiotic, can see that in the Old
Oolitic Silurian Period, just a million years ago next
November, the Lower Mississippi River was upward of one
million three hundred thousand miles long, and stuck out
over the GCulf of Mexico like a fishing-rod. And by the
same token any person can see that seven hundred and
forty-two years from now the Lower Mississippi will be
only a mile and three-quarters long, and Cairo and New
Orleans will have joined their streets together, and be
plodding comfortably along under a single mayor and a
mutual board of aldermen."

l-"-g/Mark Twain, Life on the Mississippi (Boston: James R.
Osgood and Co., 1883), p. 208.
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Projected Demand for Paper and Board

Paper and board consumption was 46.6

million tons in 1l --projections
indicate a rise to 99.5 million tons
by 12§§

In 1964 the consumption of paper and board was 46.6 million tons
(table 9; figs. 15 and 16).53/ This was almost twice use in 1948 and
five times the volume consumed in 1924--just four decades ago.

Projected demand for all grades of paper and board combined
rises to 70.8 million tons in 1975 and to 99.5 million tons in 1985
(table 9; figs. 15 and 16). Demand in this latter year is a little
over twice consumption in 196k,

As indicated in the following tabulation, projected demand in
1970 (58.9 million tons) is somewhat above the median of projections
recently prepared by the Department of Commerce,EE/ and by Resources
for the Future, Inc.,Ez/ but about the same as the projection of the

American Paper Institute.ké/

Ei/Annual data on production, trade, and consumption of paper
and board, by major grades, are shown in the tables in Appendix D.

E&/U.S., Congress, House, Committee on Interstate and Foreign
Commerce, op. cit.

Ez/Resources for the Future, Inc., op. cit., p. T07

Eé/Ben,jamin Slatin, "U.S. Integrated Pulp and Paper Mills Keep
Pace with Changing Markets,” Pulp and Paper, Vol. 40, No. 26 (June
1966), 34-36.
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Paper and board consumption
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Paper and board consumption
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Projections of Demand for Paper
and Board Prepared by:

U.S. Forest Service U.S., Department Resources American
Year E:us g—:?r;_ﬁh—?-/ Com:_::'ce—/ Fqu:%rr_eL— ,hinc.—-s-/ Inls’_:%te%teis-/
------------ (Million tons) = = - = = = = =~ = = - -
1970 58.9 52.7 55.6 - 61.8 50.6-54.9- 61.4 58.4
1975 70.8 -- -- -- 69.4
1980 8L.2 69.3 -- 64.6 - 76.1 -93.7 --
1985 99.5 -- -- -- --

The 1975 projection is also about the same as the projection of the
American Paper Institute. However, projections for both 1970 and 1980

are above those recently published by the Forest Service in the report

L7/

T4mber Trends in the United States. Over half of this increase

reflects the use of higher projections of gross national product and

the related measures of economic activity. The remainder is attributable

to the use of more recent data, which include the rapid rise in consump-
tion of paper and board and general economic activity that took place

in 1963, 1964, and 1965; and further refinement in the projection

L8/

methods.,— Some of the increase in the projections of paper and

EZ/U.S. Department of Agriculture, Forest Service, p. k8.

E§/The regression equations, independent variables, and base time
periods used as the base for the projections of demand for each grade
of paper and board (tables 9 and 10) are shown in table 11. The
regression coefficients, coefficients or indexes of correlation and
determination, and related statistical measures are also shown in this
table. Graphical analysis was extensively used in appraising the pro-
Jections obtained from the equations and the rapid rise in consumption
in 1965. The projections adopted for use, as shown in tables 9 and 10,
are the result of the combined statistical and graphical analysis.

For most grades of paper and board the form of the equation
used in making the projections in tables 9 and 10 is much closer to
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board production and in wood pulp and pulpwood consumption and produc-
tion shown in later tables reflects the use of higher projections (in

comparison to the projections in the Timber Trends report) of exports

of paper, board, and wood pulp.

Per capita paper and board consumption in 1964 was 485 pounds--
about a third higher than in 1948 (table 10; figs. 15 and 16). Pro-
jected per capita demand rises to 633 pounds in 1975 and to 766 pounds
in 1985--levels that are respectively 31 percent and 58 percent above
1964,

The projections of per capita demand between 1970 and 1975 show
an average annual rate of growth of 2.2 percent. Between 1980 and
1985, this average falls tc 1.9 percent. These rates compare with
the long-term average of 2.8 percent in the years 1924 through 1964
and the 1954-6L4 decadal average of 2.3 percent. Average annual rates
of change in total consumption, although higher, show the same general

pattern.

48/

Y =a +b X than in the Timber Trends report. On the basis of pre-
liminary study of some of the material in Appendices A and B, most of
the projections in that report were derived from the equation

Y =a + b log X. Further study and analysis showed that an equation
closely approaching ¥ = a + b X should have been used for making pro-
Jjections for several grades in the early projection years.

Continued

The projections in the Timber Trends report were based on
relationships in the 1947-62 period. In contrast, the years 19485
through 1964 were used as the time base for the projections in table 11.
The slopes of the relationships between some grades of paper and board
and the selected independent variables in this latter period are some-
what steeper, and the projections higher, than in the earlier period.
This reflects the "tilt effect” of the rapid rise in consumption in
1963 and 1964, especially 1964, on the slope of the relationships. For
further discussion of this point see page 50.
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The projected drop in the average annual rate of growth in per
capita and total consumption is a continuation of an historical trend
as graphically illustrated in figure 16. The consumption data in this
figure are plotted on a semi-logarithmic scale and the slopes of the
lines are direct indicators of annual rates of change. Although con-
siderable fluctuation has occurred, it is apparent that the slopes
have tended to flatten out in recent decades, an indication that the
rates of change have been declining.

Projections show increase in demand
for each of the major grades of paper

and board, but with wide differences
in the size of increase

Projections of total demand for each of the major grades of
paper and board and per capita demand for most grades are substantially
higher than in 1964 (tables 9 and 10). However, the size of these
increases varies widely among the individual grades.

Newsprint.--Newsprint is the paper used in printing newspapers,
comic books, handbills, shopping news, and other similar items. In
the years 1948 through 1964, newsprint consumption increased from 5.1
million tons to 8.1 million tons and per capita use from 7O pounds
to 84 pounds (fig. 17; app. D, table 3).

Projections of per capita demand, based largely on the relation-
ship between per capita use and per capita gross national product in
the 1948-6L period (table 11), rise to 104 pounds in 1985 (table 10).
This increase, when multiplied by the projected population (table 8),
indicates a total demand for newsprint in 1985 of 13.5 million tons--

some 1.7 times consumption in 1964 (table 9).
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Groundwood paper.--Most of the groundwood paper, about nine-

tenths of the total in 1964, is used in printing catalogs, directories,
farm journals, paperbound books, and other similar items. A small
quantity--hanging stock--is made into wall paper. Nearly all of the
remainder is used as converting paper in the manufacture of such prod-
ucts as office forms, waybills, salesbooks, and small roll products
used in office machines.

Consumption of groundwood paper in all uses increased from 0.8
million tons in 1948 to 1.0 million tons in 1964 (fig. 18; app. D,
table 4). Per capita use did not show much change, averaging about 10
pounds a year in this period. Because of this lack of trend, there
was no correlation between per capita use and per capita gross national
product or per capita disposable personal income in the 1948-6L4 period.
There was, however, a fairly close relationship between changes in
total consumption and changes in industrial production (table 11).
Chiefly on the basis of this relafionship, demand was projected to 1.k
million tons in 1985--an increase of 40 percent over 1964 (table 9).
With this level of total demand and the projected population, per
capita use would average about 1l pounds, which is not significantly
different from the average of recent years (table 10).

Book paper.--Book paper includes "coated book paper" and
"uncoated book paper.” Both kinds are used in printing magazines,
books, pamphlets, folders, and brochures, with the coated paper being
used where fine halftone illustrations are desired.

In the years 1948 through 1964, consumption of coated book paper
increased from 0.8 million tons to 2.6 million tons and per capita use

from 11 pounds to 27 pounds (fig. 19; app. D, table 5). Consumption
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of uncoated book paper rose at a much slower rate, with total use
increasing from 1.6 million tons to 2.0 million tons (fig. 20; app. D,
table 5). Per capita use showed no trend, averaging about 21 pounds
per year.

There was a close relationship between changes in per capita
coated book paper consumption and changes in per capita disposable
personal income in the 1948-64 period. Projections of per capita
demand based on this relationship rise to 60 pounds by 1985 (table 10).
The associated total demand is 7.8 million tons (table 9). Projected
demand for uncoated book paper, based largely on the relationship
between total consumption in the 1948-64 period and gross national
product amounts to 3.2 million tons in 1985 (table 9). Given this
level of total demand, per capita use averages 25 pounds.

The total projected demand for book paper (coated and uncoated)
amounts to 11 million tons in 1985--some 2.4 times consumption in
1964 (table 9). Per capita use rises from 48 pounds to 85 pounds
(table 10).

Fine paper.--Fine paper includes a variety of writing papers;
cover, text, and thin papers; and bristols--a type of cardboard used
for postcards and various other kinds of index and printed cards.

The writing papers are presently the most important grades, composing
more than three-fourths of all the fine papers used.

In the years 1948 through 1964, consumption of fine paper rose
from 1.1 million tons to 2.2 million tons and per capita use from 15
pounds to 23 pounds (fig. 21; app. D, table 6). In this period, the
changes in per capita consumption were closely related to changes in

per capita disposable personal income. Projections of per capita
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demand derived from this relationship rise to 43 pounds in 1985. The
associated total demand is 5.6 million tons--about 2.5 times use in
1964,

Coarse and industrial paper.--Coarse and industrial paper
includes bag paper; shipping sack paper; wrapping paper; converting
papers such as asphalting paper, envelope stock, gumming stock, and
waxing stock; glassine and greaseproof paper; and special industrial
papers such as tabulating card stock, tag stock, and resin impregnated
stock. In 1964 the bag, shipping sack, and wrapping papers composed
nearly three-fifths of the coarse and industrial paper consumed. Con-
verting and special industrial paper accounted for most of the
remaining two-fifths.

Consumption of all grades of coarse and industrial paper increased
from 3.4 million tons in 1948 to 5.2 million tons in 1964 (fig. 22;
app. D, table 7). Per capita use rose from 47 pounds to 55 pounds.
Projections, based on the relationship between per capita use and per
capita gross national product in the 1948-64 period, indicate a per
capita demand in 1985 of about 75 pounds. With this level of per
capita use, total demand would be 9.8 million tons--1.9 times that of
1964,

Sani and tissue paper.--Sanitary and tissue paper includes

such items as toilet tissue stock, toweling stock, facial tissue
stock, napkin stock, and tissue paper. Toweling and toilet tissue are
the important grades in terms of volume, composing about two-thirds
of total use in recent years.

Consumption of all grades in 1964 was 2.7 million tons--about

2.3 times the 1.2 million tons used in 1948 (fig. 23; app. D, table 8).
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Per capita use nearly doubled in this period, rising from 16 pounds
to 28 pounds. Projected per capita use, derived from the relationship
between per capita consumption and per capita disposable personal
income in the 1948-64 period, rises to 56 pounds in 1985. The asso-
ciated total demand is 7.3 million tons--some 2.7 times use in 196k.

Construction peper ‘buildigg ggpgr[.--Construction paper is the
term applied to a class of strong, heavy papers used in buildings as
a covering for sheathing and underflooring; and in manufacturing for
conversion to such products as roofing, sheathing, and tarred or
asphalt-coated vapor barriers. Some construction paper is also used
in the manufacture of rock wool, mineral wool, and fiberglass insulation
batts.

Consumption of construction paper, largely in the form of roofing
felts used as the base in the manufacture of roofing papers, increased
from 1.3 million tons in 1948 to a peak of 1.6 million tons in 1955
(£1g. 24; app. D, table 9). Since then, consumption has averaged
about 1.4 million tons a year. Per capita use fluctuated around 18
pounds in the early 1950's but subsequently declined to 16 pounds in
196h.

The relationship between the changes in consumption of construc-
tion paper and changes in housing starts, construction expenditures,
population, and all of the other independent variables tested was not
close enough in the 1948-64 period to justify the use of regression
equations in making a projection of demand. Largely on the basis of
recent trends in use and expectations concerning future levels of

residential construction, it was assumed that total demand will rise
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slowly, reaching a level of about 2.0 million tons a year by 1985.
With this level of consumption, per capita use would remain at about
16 pounds.

Container board.--Container board includes liners (the material
used as a facing on corrugated or solid fiberboard), corrugating
material (the material used as the fluted member in making corrugated
board), and container chipboard. In the recent past, liners have
composed about two-thirds of the container board used, and corrugating
material nearly all of the remainder.

Consumption of container board in 1964 was 10.6 million tons--
some 2.1 times the 5.0 million tons consumed in 1948 (fig. 25; app. D,
table 11). Per capita use in this base period increased 1.6 times,
rising from 68 pounds to 110 pounds.

On the basis of the relationship between per capita container
board consumption and per capita disposable personal income in the
years 1948 through 1964, per capita demand is projected to rise to
195 pounds in 1985. Total demand in 1985 is 25.4 million tons--about
2.4 times use in 196k,

Bending board.--Bending board includes "folding boxboard" used

in the manufacture of collapsible or folding cartons for packaging
such items as cereal, toothpaste, and cigarettes; and "special food
board" used in packaging goods such as milk and frozen foods, and as

containers for hot and cold drinks.
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Consumption of folding boxboard rose from 2.2 million tons in
1948 to 3.6 million tons in 1964 and per capita use from 30 to 37
pounds (fig. 26; app. D, table 12). The consumption of special food
board increased nearly 4-1/2 times--from 0.4 million tons to 1.8
million tons--and per capita use roughly tripled, rising from 6 pounds
to 19 pounds (fig. 27; app. D, table 12).

On the basis of the relationship between aggregate consumption
of folding boxboard and gross national product in the 1948-64 period,
demand is projected to 6.6 million tons in 1985. The per capita use
associated with this volume 1s 51 pounds. ProjJected per capita demand
for special food board, based on the relationship between per capita
consumption and per capita disposable personal income, rises to W4
pounds in 1985 and aggregate demand to 5.7 million tons.

The total projected demand for bending board (including folding
boxboard and special food board) in 1985 is 12.3 million tons, and
per capita demand 95 pounds. These volumes are respectively 2.3 times
and 1.7 times the 196l levels.

Building board.--Building board includes "insulating board,"
used largely for sheathing in residential construction, and "hardboard,’
chiefly used in the manufacture of furniture, fixtures, paneling,
millwork, and various other items.

In the years 1948 through 1964, consumption of insulating board
increased from 0.9 million tons to 1.2 million tons while per capita
use fluctuated between 11 and 13 pounds (fig. 28; app. D, table 13).
Total and per capita hgrdboard use rose from O.4 million tons to 1.2
million tons and from 5 pounds to 13 pounds, respectively (fig. 29;

app. D, table 13).
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Projected demand for insulating board, based on the relationship
between total use and gross national product in the 1948-64 years, rises
to 2.1 million tons in 1985. The associated per capita demand is 16
pounds. Projected demand for hardboard in 1985, based on the relation-
ship between per capita use and per capita disposable personal income
in the 1948-6l4 period, rises to 30 pounds and total demand to 3.9
million tons.

Total demand for building board in 1985 amounts to 6.0 million
tons--some 2.4 times consumption in 1964. Per capita demand rises
from 26 to 46 pounds.

Other board.--Other board includes building board stock; setup
boxboard; tube, can, and drum stock; cardboard; other special grades
of paperboard; and wet machine board. About a quarter of the other
board consumed is used as liner for gypsum plasterboard. Another 10
percent or so is used for such things as binding books, and in the
manufacture of playing cards, posters, postcards, and shoes. Most of
the remainder 1is consumed in the manufacture of rigid containers such
as hat boxes, shoe boxes, and filing boxes.

Consumption of other board in all uses rose from 1.8 million tons
in 1948 to 2.8 million tons in 1964 (fig. 30; app. D, table 14). Per
capita use increased in the late 1940's and early 1950's, but since
1955 has fluctuated around 30 pounds.

Projected demand for other board, derived from the relationship
between total use and gross national product in the years 1948 through
1964, rises to 5.2 million tons in 1985, about 1.9 times that of 1964,

Per capita use increases to about 40 pounds.
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Projections of demand for paper
and board sensitive to changes

in population and income
The projections of demand in tables 9 and 10 are based on vhat,

at this time, appear to be the most reasonable assumptions concerning
growth in population and economic activity. However, past experience
has indicated that actual growth in these variables is likely to
deviate significantly from assumed levels. Because of this uncertainty,
a series of alternative projections of demand for paper and board are
presented in table 12.

These alternatives are based on assumed levels of population
and economic activity which bracket the ranges in which the actual
future values are likely to fall. Thus, they give some indication of
the band of uncertainty around the projections of demand for paper and
board shown in table 9. They also illustrate the sensitivity of these
projections to population and economic growth,

It is apparent that the range in projections of demand for paper
and board, resulting from different but reasonable assumptions con-
cerning population and the gross national product, are lar~e. 1If, for
example, the gross national product increases at a rate of 3.25 percent
per vear, instead of the 3.75 percent assumed in this study, the demani
for paper and board in 1985 would be about 10 percent below that shown
in table 9. If it grows by 4.25 percent per year, a rate well within
the raﬁge of possibilities, demand in 1985 would be about 9 percent
above that projected in table 9.

The above alternatives illustrate the dependency of projections,
such as those in tables 9 and 10, on the underlying assumptions. The

projections in these tables should be considered as only one carefully
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worked out indication of possible changes in demand. Other patterns

of change may be equally probable.

Projected Imports and Exports of Paper and Board

The United States carries on an extensive trade in paper and
board with many countries of the world. In 1964 imports amounted to
6.4 million tons and exports 1.5 million tons (table 13). Net imports
of 4.9 million tons composed about 11 percent of paper and board
consumption.

Imports expected to continue to

rise rapidly but not as fast as
domestic consumption

In the years 1948 through 1964 imports of paper and.board
increased from 4.6 to 6.4 million tons in a continuation of a trend
that has been rising fairly rapidly since the early 1900's (fig. 31;
app. D, table 17). Newsprint has composed 90 percent or more of total
imports for several decades although in recent years some other
grades, especially building board, have been increasing in importance.
Canada, which in 1964 was the origin of about 92 percent of total
paper and board imports and 96 percent of the newsprint imports, has
been the chief source of supply (app. D, table 18).

In the late 1940's, imports composed more than four-fifths of
the newsprint used in the U.S. (fig. 32; app. D, table 3). Since
then, imports have slowly declined in relative importance and in 1964
accounted for Th percent of the newsprint consumed. This decline
largely reflects the development of a domestic newsprint industry in

the South.
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Imports of paper and board
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Because imports have been the source of most of the newsprint
used, there was a close relationship between newsprint consumption and
imports in the 1948-64 period (table 11). Projections of newsprint
imports, based on this relationship, rise to 7.9 million tons in 1985--
some 32 percent above 1964 (table 13). Canada is expected to be the
source of nearly all of these imports.

Given this level of imports, domestic mills will supply an
increasing proportion of the country's newsprint needs--with output
rising from 2.3 million tons in 1964 to 5.6 million tons in 1985.

Most of the growth in the domestic industry is likely to be in the
South and West.

On the basis of the extrapolation of freehand curves fitted to
the historical data, made with consideration of the projected increases
in domestic demands for paper and board, it is estimated that imports
of grades of paper and board other than newsprint will total 0.7
million tons in 1985 (table 13). When these imports are added to the
projected newsprint imports, it appears that total imports of paper and
board in 1985 will be 8.6 million tons, some 34 percent above 1964,

ts of r and board have increased

Expor pape

fivefold since 1940--expected to continue
to rise in proportion to growth in world
demands ‘

In the years 1948 through 1964, exports of paper and board
increased fivefold, rising from 0.3 million tons to 1.5 million tons
(table 13; fig. 33). Nearly all grades of paper and board showed
some increase, although most of the growth, especially since the mid

1950's, has been in container board (app. D, table 19).



- 104 -

MILLION TONS

Exports of paper and board

S T
/
/
4 ,T.. - ‘ / —
' /
/
/
| /
E /
3 1
E /’
E / /
i / /’ |
2 ‘ l/ l/’
7 7
/ /
//
TOTAL EXPORTS~7/ j
, / B i .
OTHER GRADES J CONTAINER
BOARD
1920 '30 ‘40 '50 ‘60 '70 '80 '85

Figure 33




- 105 -

Exports of paper and board have moved to all regions of the
world (app. D, table 20). However, in 196k about 42 percent of the
total went to western Europekz/ and most of the remainder to Latin
America, the Far East, and Canada. The level of exports to Canada,
about 144 thousand tons in 1964, has not changed much in recent years
and nearly all of the recent growth in shipments has been to western
Europe and lLatin America.

Recent studies of the Food and Agriculture Organization of the
United Nations indicate that there is likely to be substantial growth
in the demand for paper and board in all regions of the world (see

tabulation below).

Projections of demand for
paper and board

Region 1965 1970 1975
_ (Million short tons)
Western Europe L/ 26.4 33.2 40.6
Latin America 2/ 3.8 -- 7.2
Far East 2/ 7.6 -- 15.2
All other (except North 2/ 17.2 .- 35.5
America)

L/United Nations, Food and Agriculture Organiza-
tion, Pulp and Paper Prospects in Western Europe,

p. Tb.

g/United Nations, Food and Agriculture Organiza-
tion, World Demand for Paper to 1975, p. 51.

There are many factors, such as the location and extent of
forest resources, especially the long-fibered softwood species; the

comparative cost and availability of labor, pulpwood, wood pulp, and

22/For definition of world regions see note to table 18,
Appendix D.
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other raw materials; the location and amount of paper and board mill
capacity; tariffs, including the internal tariffs in organizations
1ike the European Free Trade Association and the Common Market; and
the trade and economic policies of countries like the U.S.S.R., which
will determine how these prospective demands will be supplied. These
factors have been discussed in a general way in many of the recent
studies of prospective world demands for paper and boardig/ and of
U.s. éxport markets.él/ Most of this discussion was speculative
because there are not enough quantitative data available at this time
to adequately appraise the effects of many of the important deter-
minants on future trade, especially for individual countries.

In the absence of more definitive information, it does seem
reasonable to expect that U.S. exports will at least be able to main-
tain the present competitive position and that exports of paper and
board will rise roughly in proportion to demand in various regions
of the world. Under this assumption, exports are estimated at 3.0

million tons in 1975. A freehand extrapolation of the historical trends

29-»/Uni1:¢ec1 Nations, Food and Agriculture Organization, European
Timber Trends and Prospects, A New Appraisal, 1950-1975; Pulp and

—————

Paper Prospects in Western Europe; World Demand for Paper to 1975.

zl/S. D. Richardson, Forestry in Communist China (Baltimore:
The Johns Hopkins Press, 1966).

Richard A. Skok. Letter to James Morgan, Assistant Director, North
Central Forest Experiment Station, St. Paul, Minnesota, reporting on
a trip through western Europe made to study prospects for U.S. exports
of pulp and paper (School of Forestry, University of Minnesota, 1965).

Albert W. Wilson, "Scandinavia Improves in World Competition,"” Pulp
and Paper, Vol. 39, No. 40 (October 1965), 36-39.

John A. Zivnuska, The Forest Resources of the United States in a World

Economy: A Problem Analysis lBerkeley: University of California,
School of Forestry, 1955;.
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in exports, including the projections to 1975, indicate a further

rise to 4.4 million tons in 1985.

The volume of net imports of paper

and board to rise but compose a

smaller proportion of total demand
<

If the above estimates of imports and exports of paper and board

are realized, net imports in 1985 will amount to 4.2 million tons
(table 13; fig. 34). This will represent about L percent of total
demand--a figure substantially below 1964 when net imports accounted
for 11 percent of total use. As net imports decline in relative impor-
tance, a growing part of total demand will need to be supplied by

U.SI mlls.

Domestic paper and board production
to reach 95.3 tons in 1385--about
2.3 times output in 1

Production of paper and board in domestic mills in 1964 was L41.7

million tons, nearly twice the 21.9 million tons produced in 1948
(table 13; fig. 34; app. D, table 1). By 1985, with the given pro-
Jjections of imports and exports, total domestic production will amount
to 95.3 million tons--some 2.3 times output in 1964,

Domestic production of the major grades of paper and board are
expected to show varying trends. For example, and because of the
decline in the relative importance of imports, domestic output of news-
print is projected to grow more rapidly than projected demands. Antic-
ipated increases in exports of such grades as container board and
coarse and industrial paper mean that domestic output of these grades
will also rise faster than demand. Domestic productioﬁ‘of most grades,

hovever, is expected to increase roughly in line with the projections

of demand shown in table 9.
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Consumption, production, and net
imports of paper and board
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Projected Demands for Wood Pulp

Wood pulp the chief fibrous material used
in the manufacture of paper and board--

it has been displacing other materials
The domestic production of paper and board will be one of the

major determinants of demand for wood pulp. In 1964 a total of 32.0
million tons, or about 95 percent of all the wood pulp consumed, was
used in the manufacture of paper and board produced in U.S, mills
(table 14; fig. 35).5-2-/ this was about 2.2 times the 14.4 million
tons consumed in 1948.

The increase in consumption in this period, and in preceding
years, has been somevhat faster than the growth in the domestic produc-
tion of paper and board. This largely reflects the gradual displacement
by wood pulp of the other fibrous materials used in the manufacture of
paper and board, such as waste paper, straw, rags, and bagasse (table
14; fig. 35). For example, in the years 1948 through 1964 the use

of wood pulp per ton of paper and board produced rose from about

0.66 tons to about 0.77 tons (app. F, table l).zg/ In the same period

2-2--/45‘!11'10.111 data on production, trade, and consumption of wood
pulp, by type, are shown in the tables in Appendix E.

21/Basic statistics on the use of fibrous materials (including
wood pulp by type) in the manufacture of the major grades of paper and
board are contained in the tables in Appendix F. This appendix also
includes graphs showing trends in the use of fibrous materials, and
wood pulp by type, in the manufacture of the major grades of paper and
board, with extrapolations to 1985. The extrapolations of wood pulp
and other fibrous materlals use shown in these graphs are based on
freehand curves fitted to the data showing the use of fibrous materials
in each major grade of paper and board in 1947, 1954, 1958, and 1963,
and the informed judgment of pulp and paper scientists at the Forest
Products Laboratory of the Forest Service. Since most grades of paper
and board can be manufactured from a variety of mixtures of fibrous
materials and grades of wood pulp, these extrapolations necessarily
have a large measure of uncertainty.
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the use of waste paper per ton of paper and board produced dropped
from 0.35 tons to 0.23 tons, and other materials from 0.07 tons to
0.02 tons.

Wood pulp expected to continue to gradually
displace other materials in the manufacture
of paper and board--demand in 1l B5 estimated

at 92.4 million tons--2.6 times use in 1

These trends are expected to continue, and it is estimated that
average use of wood pulp per ton of paper and board produced will rise
to 0.87 tons in 1985.22/ The use of waste paper is assumed to
decline to about 0.17 tons and pther materials to about 0.0l tons.

Estimates of the volume of wood pulp needed for the manufacture
of paper and board, based upon the estimates of domestic production
of paper and board summarized in table 13 and the extrapolated trends
in wood pulp use per ton of output shown in table 14, rise to 82.k
million tons in 1985.2&/ This is about 2.6 times consumption in 196k.
Because-of the large anticipated rise in the domestic production of
paper and board, the use of waste paper is also expected to increase,
reaching 16.7 million tons in 1985--some 7.2 million tons above 1964,
The use of other fibrous materials, however, will remain at about one

million tons a year,

2£‘-/Small volumes of paper grade pulps are used in the manufacture
of nonpaper products such as pressed and molded pulp goods. The pro-
Jjected demands include an allowance for this kind of use.
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Widely divergent trends in the use of
five major types of wood pulp in paper
and board manufacture--most of the ggowth

in demand expected to be for sulfate 8

There are five major types of wood pulp used in the manufacture
of paper and board, i.e., sulfite, sulfate, groundwood, semichemical,
and defibrated or exploded pulps. There have been widely divergent
trends in consumption of these pulps (table 15; fig. 36). Between
1948 and 1964, for example, consumption of sulfate pulp increased 3

times, rising from 6.7 million tons to 20.4 million tons. Use of
semichemical pulp also showed fast growth, and groundwood and defibrated
or exploded pulps moderate increases. Use of sulfite and soda pulps,
however, showed small declines.

On the basis of these trends in consumption, and a detailed
analysis of the use of each type of pulp in the manufacture of each
of the major grades of paper and board,zz/ it 1s estimated that sulfate
pulp consumption in paper and board manufacture in 1985 will amount
to 55.8 million tons (table 15; fig. 36). This is about 2.7 times
consumption in 1964, The use of semichemical, defibrated or exploded
pulps, and groundwood pulps is also expected to grow substantially,
but no significant change is anticipated in the use of sulfite and

soda pulps.

About 1.2 million tons of hi urified
pulps used in the manufacture of nonggggr

roducts~--demand e cte 0 reac .
million tons by 195;

In addition to the pulps used in the production of paper and

board, about 1.2 million tons of highly purified pulps--dissolving
and special alpha--were consumed in 1964 in the manufacture of non-

paper products such as rayonm, cellulose acetate, cellophane, and
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nitration products used as a base for gunpowder, lacquers, and certain
types of plastics (table 15; fig. 36).22/ This was nearly double the
0.6 million tons consumed in 1948. Per capita use rose from 9 pounds

in 1948 to 12 pounds in 1955--a level that, with a little fluctuation,
was maintained through 1964 (app. E, table 2).

There was a fairly close relationship between changes in total
consumption of the dissolving and special alpha pulps and changes in
the gross national product in the 1948-64 period (table 11). On the
basis of this relationship, the demand for the highly purified pulps
is projected to 2.0 million tons in 1985--some 67 percent above 1964.
The associated level of per capita use 1s 15 pounds, a slight increase
over the 1964 average of 12 pounds.

Total demand for all types of wood

pulp in 1985 estimated at 84.6 million
tons--2.5 times use in 1964

Vhen the projected demands for dissolving and special alpha pulps
are added to the pulps required for the manufacture of paper and board,
it appears that the total demand for wood pulp in 1935 will amount to
34.6 million tons--about 2-1/2 times consumption in 1964 (table 15;
fiz. 37). Sulfate paper grade pulps will account for most of this
increase although substantial growth is also expected in semichemical,

defibrated or exploded, and groundwood pulps.

zi/The volume figures on dissolving and special alpha pulps in
table 15 and quoted in the text include small quantities that are used
in the manufacture of paper and board.
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Consumption, production, and
net imports of wood pulp
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Projected Imports and ggpgrts of Wood Pulp

For severdl decades the U.S. has carried on wood pulp trade

with various countries of the world. In 1964 imports were 2.9 million
tons and exports 1.6 million tons (table 16; fig. 37). The net imports
of 1.4 million tons composed about U4 percent of the wood pulp consumed.
Imports of sulfate pulp have shown

an upward trend and projections indi-

cate further increases--not much
change expected for other grades

From the late 1940's to the late 1950's, wood pulp imports
fluctuated around 2.2 million tons a year. Starting in the early
1960's, imports increased and in 1964 totaled 2.9 million tons (fig.
38; app. E, table 11). Canada has been the chief source of wood pulp
imports, accounting for 92 percent of the 1964 total (app. E, table 12).
Nearly all of the remaining imports in 1964, and in preceding years,
originated in Sweden, Finland, and Norway.

Imports of the major types of pulp have shown varying trends.

In the 1948-58 period, imports of sulfite pulp dropped irom about 1
million tons to 0.6 million tons--a level that was maintained without
much change through 1964. Imports of dissolving and special alpha
pulps, groundwood, and soda pulps showed no trend from 1948 through 196L.
Imports of sulfate pulp, however, nearly tripled, rising from 0.6
million tons to 1.6 million tons.

Because the imported sulfate pulp is used in paper and board
manufacture, there was a close relationship between changes in sulfate
pulp imports and changes in U.S. paper and board production in the

1948-64 period (table 11). ProJections of sulfate pulp imports, based
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Table 15.--Apparent consumption, trade, and production
of wood pulp, 1920-851/

(Million tons)

Trade U.S
Year Consumption production
Imports Exports . Net
imports
1920 b7 0.9 2/ 0.9 3.8
1925 5.6 1.7 </ 1.6 L.0
1930 R 1.8 2/ 1.8 b6
1935 6.7 1.9 0.2 1.8 4.9
19L0 9.7 1.2 .5 .7 9.0
1945 11.8 1.8 .1 1.6 10.2
1950 17.1 2.4 .1 2.3 14,8
1955 22.3 2.2 .6 1.6 20.7
1960 26.6 2.L 1.1 1.2 25.3
1961 27.8 2.5 1.2 1.3 26.5
1962 29.5 2.8 1.2 1.6 27.9
1963 31.5 2.8 1.L 1.4 30.1
196k 3 33.8 2.9 1.6 1.4 32.L
PROJECTIONS
1970 Lks,7 3.3 2.L .9 Ly 3
1975 57.2 3.8 3.2 .0 56.6
1930 70,2 L.,2 4,0 .2 70.0
1985 84.6 L.5 5.0 LY 85.1

%/Data may not add to total because of rounding.
z;Less than 50 thousand tons.

Preliminary.
Net exports.

NOTE: Annual data on production, trade, and consumption are
shown in the tables in Appendix E.

HY

Sources: See source note table 15.
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on this relationship, rise to 2.8 million tons in 1985, Imports of
other grades of wood pulp are expected to show small increases over
the levels of the late 1950's and early 1960's. Total imports of all
grades of wood pulp are estimated at 4.5 million tons in 1985--about
55 percent above 196k,

Wood pulp exports have been rising in

last decade and by 1955 may total 5.0

million tons--some 3.1 times exports in

1961

Prior to 1953 there was no well defined trend in wood pulp
exports (table 16; fig. 39; app. E, table 11). Since then, however,
they have increased nearly 10 times, rising from about 160 thousand
tons to 1.6 million tons in 1964. Sulfate and dissolving and special
alpha pulps have accounted for most of the growth in this period.

Wood pulp exports go to all parts of the world, although in
recent years western Europe and the Far East (mainly Japan) have been
the major markets (app. E, table 13). Trends in shipments to the
various regions have varied. Exports to western Europe rose from an
average of about 0.1 million tons in the early 1950's to about 0.7
million tons in 1960--a level that was maintained through 1964 with-
out significant change. Shipments to the Far East increased from
about 0.1 million tons in the 1950's to about 0.5 million tons in 196k,
The volume shipped to Latin America has been rising slowly in this
period but that to Canada has not changed significantly.

Recent studies of the Food and Agriculture Organization of the
United Nations indicate that the demand for wood pulp is likely to

grow rapidly in all regions of the world (see following tabulation).
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Projected pulp reguirementay

1965 b L:Xv]
Region (Mi{llion short tons)

Western Europe 2 19.0 29.3
Latin Ame:(':lca 3.3 6.1

Far East (except Mainland
( China) l/ 6.2 12.5

All other (except North

America) 3/ 15.7 3.8

-14/ Data for western Europe cover wood pulp require-
ments; the data for other regions include other fibrous

pulps.

?J United Nations, Food and Agriculture Organization,
Pulp and Paper Prospects in Western Europe, p. 165.

3/U'nited Nations, Food and Agriculture Organization,
World Demand for Paper to 1975, p. 53.

These and related studies also indicate that many of the major pulp
consuming regions do not have enough timber, especially the long-
fibered softwood species, to meet the anticipated demands for wood
pulp.zé/ For example, studies of the timber demand and supply
situation in western Europe show that a substantial softwood timber
supply deficit is likely to begin to develop in the late 1960's and
grow rapidly thereafter. This means that this area will have to look
to other parts of the world for wood pulp supplies, particularly the

long-fibered pulps made from softwoods. It also means that the countries

26/ United Rations, Food and Agriculture Organization, European
Timber Trends and Prospects, A New Appraisal, 1950-1975; Pulp and

Paper Prospects in Western Europe; World Demand for Paper to 1975.

Skok, op. cit.
Wilson, op. cit.
Zivnuska, op. cit.
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nov importing wood pulp from western Europe will have to turn to other
sources of supply.

There are, of course, many uncertainties associated with the
various analyses of prospective demands for wood pulp and timber
supplies in the various regions of the world. As an illustration, it
is possible that the recent FAO studies have underestimated the pro-
spective timber yields from western European forests (also in other
regions of the world) and that the wood deficit may be smaller than

expected. This point was made in the study World Demand for Paper to

321221/ as follows:

" . . This leads" (referring to preceding data showing the
magnitude of the prospective wood shortage) "to the conclu-
sion that western Europe may, in the long term, be faced with
serious difficulties in meeting her own needs of fibrous raw
materials for paper. On the other hand, it should not be
overlooked that similar warnings have been expressed earlier
‘that the limit of possible yields from the forests would soon
be reached; nevertheless, considerable increases in fellings
have taken place, and new forest inventories have indicated
more standing timber and higher growth rates than were
earlier estimated. The improved silvicultural methods which
have been put into practice have certainly contributed to
rising vields and it may well be that the potential effect

of these measures 1s presently estimated on the conservative
side. Also, additional pulpwood supplies could be obtained
if more plantations of fast-growing species are establisheqd,
especially in the southern part of the region."

A shift from present use of timber for fuelwood and lumber could also
augment supplies. |

On the other hand, the recent expansion in wood pulp exports to
western Europe and present marketing difficulties of mills in the Nordic

countries suggest that U.S. end Canadian producers can successfully

zz/Uhited Nations, Food and Agriculture Organization, World
Demand for Paper to 1975, p. 68.
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compete in European markets. If this is the case, pulp imports into
western Europe may grow faster than the current FAO studies anticipate.
Granting that the appraisals of demand and supply are reasonable,
it is still very difficult to appraise how U.S. producers will share
in what promises to be much larger world markets for wood pulp. Both
Canada and U.S.S.R. have large volumes of softwood timber suitable
for the manufacture of long-fibered pulps and are potential suppliers.
Of these two, Canada, with its huge reserves of softwood timber, is
likely to be the principal competitor. The best available evidence P
indicates that the remote location and lack of access to the unexploited
forests in the U.S.S.R. and the growing pressure for increased domestic
consumption are formidable barriers to any substantial expansion in
the wood pulp exports of that country.igj FAO studies also indicate
that tropical hardwood forests, sometimes mentioned as major potential
sources of wood pulp, are not likely to be exploited until the cost of
pulpwood from temperate zone forests and plantations rises sharply--
something that is not likely to happen in the decades immediately ahead.
Despite all the uncertainties, it does seem reasonable to expect
that U.S. pulp producers will supply a growing part of the expanded
wood pulp needs of western Europe. Exports to that region have there-
fore been increased more rapidly than the projected requirements for
wood pulp shown in the tabulation on page 123. It was also assumed
that exports to the Far East and Latin America would increase somewhat
more rapidly than the projected needs for pulp in these areas. Under

these assumptions, exports of wood puib rise to 3.2 million tons in 1975.

2§/Zivnuska, op. cit.
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An extrapolation of the trends in exports to 1975 indicates that by
1985 exports will amount to 5.0 million tons--some 3.1 times 1964.

Most of the growth is expected to be in sulfate pulp although dissolving
and special alpha pulps may also show a substantial rise.

Net imports of wood pulp to
change to net exports by 1985

Given the above estimates of imports and exports, net imports
will decline rather sharply to about 0.2 million tons in 1980. By
1985 the Nation will have a net export balance of about 0.5 million

tons.

Domestic wood pulp production in

1085 estimated at ©5.1 million tons--
about 2.0 times output in

When these anticipated net exports are added to the estimated
domestic demand, it appears that it will be necessary to produce 85.1
million tons of wood pulp in U.S. mills in 1985 (table 16; fig. 37).
This is about 2.6 times output in 1964. The increase is a continu-
ation of a trend that has been rising since the late 1800's (app. E,
table 1).

Domestic production of each of the major types of pulp in the
projection period is expected to roughly follow the trends in consump-
tion shown in table 15 and figure 36. It is anticipated that sulfate
pulp will account for by far the largest part of the increase in
domestic output, although semichemical and defibrated or exploded

pulps are also likely to show substantial growth.
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Pro.]ected. Demands for Pulpwood

Near 0 million cords of pulpwood
consumed in U.S. pulp mills in. 1 -

demand expected to rise to 120.2

Domestic production of wood pulp will be one of the primary
determinants of the demand for pulpwood. In 1964 some 49.7 million
cords of pulpwood were used to manufacture the 32.4 million tons of
wood pulp produced in U.S. mills (table 17; fig. LO; app. G, table 1).22/
This level of pulpwood use was about 2.3 times that in 1948 when
consumption was 21.2 million cords. The trend in this period was a
continuation of one that has been rising rapidly for several decades.

Of the pulpwood consumed in U.S. mills in 1964, about 65 percent,
or 32.3 million cords, was used in the manufacture of sulfate pulp (app.
G, table 2). Another 13 percent was used for sulfite pulps, and most
of the remainder for groundwood and dissolving and special alpha pulps.

Average pulpwood use in cords per ton of pulp produced in 196L

was as follovs:ég/

Pulpwood
consumption
Pulpwood Wood pulp per ton of
Type of pulp consumed produced pulp produced
(Million  (MMillion
Dissolving and special cords tons) (Cords)
alpha 3.2 1.5 2.2
Sulfite (includes soda) 6.2 3.0 2.1
Sulfate 32.3 20.0 1.6
Groundwood 3.6 3.6 1.0
Semichemical 2.8 2.2 1.5
Defibrated or exploded 1.5 1. 0.9
All grades 9.7 32.% 1.5

-
32/Annua1 data on production, trade, and consumption of pulpwood
are shown in the tables in Appendix G.

éQ/U.S. Department of Commerce, Bureau of the Census, Pulp, Paper
and Board, 1964, p. 3.
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As illustrated in table 3 and figure 1 in Appendix G, these averages
have been maintained for some time without significant change.él/

On the basis of this apparent stability in requirements and expectations
about the kinds of wood that will be used and pulping processes, it

has been assumed that the present averages will remain unchanged through
1985 for all types of pulp except sulfate. A small drop in average

use to 1.5 cords per ton in 1935 has been assumed for this type,

largely in anticipation of increasing use of higher yield hardwood
pulpwood.

When the above averages are multipllied by the estimates of
domestic output of wood pulp by type, it appears that the prospective
demand for pulpwood in U.S. mills will total 120.2 million cords in
1985--about 2.4 times use in 1964 (table 17; fig. k0).

Imports expected to supply only a

small part of the pulpwood demands
of U.S. pulp mills

Avout 1.4 million cords, or 3 percent of the pulpwood consumed
in U.S. mills in 1964, was imported, largely from Canada (table 17).
Net imports of pulpwood have fluctuated around this level for several
decades (app. G, table 1)--and it has been assumed that they will
continue at about the same volume,averaging 1.5 million cords a year

through 1985.

é-]-'-/'1.‘here have been many technological developments which have
tended to increase pulp yields. However, these have apparently been
offset by increases in the production of bleached and semibleached
paper pulps and the dissolving and special alpha pulps which, because
of processing losses, require more wood per unit of output.
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Domestic pul d production to
increase 2.4 times by 1 risi
from 48.5 million to 118,7 million

cords

If these net imports are realized, domestic pulpwood production
in 1985 will amount to 118.7 million cords--some 2.4 times the 48,5
million cords produced in 196l (tadle 17). This increase will be a
continuation of a long historical trend. In the 1959-64 period, for
example, domestic production increased at an average annual rate of
about 2.2 million cords a year. B& the end of the projection period,
production will be growing by about 3.8 million cords a year. The
rate of increase underlying the projections, however, is lower than
the historical averages because of the projected slackening off in
the rate of growth in the demand for paper and board.
The use of chips from plant byproducts
by pulp mills has shown rapid growth

and further increases are expected

The use of chips (produced from the plant byproducts of sawmills,
veneer mills, and other wood-using plants) by wood pulp mills increased
from 0.9 million cords in 1948 to 11.2 million cords in 1964. As a
result of such rapid growth, most of tne coarser softwood plant by-
products such as slabs, edgings, and veneer cores that can be considered
economically available are currently being utilized. However, there
is still a large volume of sawdust and other fine residues, estimated
at about 10 million cords in 1962, available for utilization. There
is also a substantial volume of unused coarse hardwood residues in the

East.
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Recent improvements in the technology of pulping fine residues
and in the use of hardwoods indicate that much greater use of present
regidues is likely. In addition, a larger volume of residﬁes of all
kinds is likely to be available as present use for fuel declines and
as lumber and veneer production increases. With these considerations
in mind, it was estimated that the use of plant byproducts will rise
to 18 million cords in 1985--about 7 million cords more than in 196k,

Production of round Eulggood was 37.3
million cords in 19 --pro,jections show

rise to 100.7 million cords in 1965

If the use of plant byproducts increases as anticipated, domestic
production of roundwood in 1985 will total 100.7 million cords. This
18 about 2.7 times the 37.3 million cords produced in 196L.

Softwood species, such as southern pine, spruce, true fir,
hemlock, jack pine, and Douglas-fir, composed about T3 percent of the
round pulpwood produced in 1964, Hardwoods, chiefly aspen and gum,
with small volumes of other species such as birch, beech, maple, cotton-
wood, willow, and oak, accounted for the remainder.

Softwoods have traditionally been preferred for pulping and have
accounted for most of the round pulpwood produced in past decades.

In recent years, however, in response to technological advances in
pulping processes, the availability of large volumes of hardwoods at
relatively low cost per ton of fiber, and the improvement in the
properties of many grades of paper and board resulting from the use
of hardwood pulps in the furnish, the use of round hardwood pulpwood

has been rising much more rapidly than round softwoods. For example,
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the output of round hardwoods rose at an average rate of 9.5 percent
in the 1948-64 period--over 3 times the rate for softwoods.

Further rapid expansion in the use of round hardwoods is antici-
pated and total production is estimated at 33.9 million cords in 1935,
about 3.4 times production in 1964. With this level of output, round
softwood production will be 66.8 million cords--some 2.5 times the
1964 level.
Round pulpwood requirements 38
percent above 1930 estimates in
Timber Trends, but timber supply

outlook for the pulp and paper
industry still relatively zood

The projections of round pulpwood production in 1970 and 1980,
shown in table 17, are substantially above those in the recent Forest

Service report, Timber Trends in the United States.ég/ To produce

the required roundwood in 1980, it will be necessary to cut about 5.8
billion cubic feet from the timber growing stock in domestic forests.
This is about 1.6 billion cubic feet or 38 percent above the cut used
in appraising prospective trends in timber supplies in the Timber
Trends report. This higher cut means that the prospective timber
supply situation 1s less favorable than envisaged and that supplies of
timber are likely to fall short of projected demands sooner than antici-
pated in that report. However, the outlook for timber supplies for the
pulp and paper industry still appears relatively good, largely because
of the large inventory volume of small and relatively low-quality

timber.

ég/U.S. Department of Agriculture, Forest Service, p. 59.
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Total pulpwood consumption in the U.S.,
including pulpwood equivalents of net
imports of r, board, and wood

was .3 million cords in 1964--projec-
tions show & rise to 123.2 million
cords in 1985

The volume of pulpwood consumed in U.S. pulp mills has represented
only part of the total volume of wood required to meet U.S. needs for
paper, board, and nonpaper products. In 1964, for example, the pulp-
wood equivalents of the net imports of paper, board, and wood pulp
amounted to 8.6 million cords (table 17; fig. 4O; app. G, table 1).
When this is added to the 49.7 million cords used in domestic mills,
the volume of pulpwood consumed by the American people totaled 58.3
million cords.

There has been little change in the pulpwood equivalent of the
net imports of paper, board, and wood pulp in recent years. However,
and largely because of the anticipated rapid increases in exports of
wood pulp and board, such net imports are expected to drop to about 3
million cords in 1985. Given this level of net imports, the volume of
pulpwood required to meet the Nation's neceds for pulp and paper will

total 123.2 million cords--more than double consumption in 1964.



SUMMARY

This study has presented (1) a brief discussion of alternative
ways of projecting longrun trends in demand; (2) an analysis of a
comprehensive series of regression equations tested for use in making
longrun projections for paper and board; and (3) projections of demand
for paper and board, wood pulp, and pulpwood at five-year intervals to
1985. Thé discussion of the various ways of making longrun projections
and the analysis of the use of regression equations are intended for
other researchers. The longrun demand projections are intended as
guides for making decisions that have effects extending into the future,
such as those involving the construction of new plants in fhe pulp and
paper industry or the acquisition and management of forests and forest
lands.

The discussion in Section I of the study indicates the regression
equations, extensively supplemented by graphics, is the best way at the
present time for projecting longrun trends in demand for paper and
board. Some general guides on the use of regression equations, including
choice of independent variables, equation forms, and base time periods,
were also developed in this section. These are:

1. On the choice of an independent variable and the use of
per capita or agpgregate data.

For those grades of paper and board where there has been
little or no increase in per capita use in the time period
used as the base for the projection, and no indication of
change, population or households logically is the best
choice for projecting demand (aggregate demand).

For those grades where there has bcen a slow increase in
per capita use, presumably in response to growth in the
output of goods and services or income, gross national
product or disposable personal income logically is the
best choice for projecting demand (aggresgate demand).

_13‘5-
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For those grades where there has been a fairly rapid
increase in per capita use and a good correlation
between changes in per capita use and changes in per
capita output or income, per capita gross national
product or per capita disposable personal income
logically is the best choice for projecting demand
(per capita demand).

2. On the choice between simple and multiple regression
equations.
Simple regression equations are preferable to multiple

regression equations for making longrun projections with
the independent variables that are available for use.

3. On the choice of an equation describing the form of
the relationship.

An equation with the general form Y = a + b log X is pref-
erable for making longrun projections of demand for most
grades of paper and board. However, for grades vhere con-
sumption has been rising rapidly, the equation Y=a+bX
may be the best choice, at least for the years immediately
ahead. There was no evidence that the equation

log Y = a + b log X, which implicitly assumes a constant
income elasticity of demand, was a desirable choice for
projecting longrun trends in demand for any grade of

paper or board.

L, On the choice of a base time period.

The post World War II years are preferable as the base time
period for making longrun projections for all grades of
paper and board. Observations for individual years, par-
ticularly those near the beginning and ending of the base
period which deviate from the normal pattern of the relation-
ship should be carefully examined and omitted if abnormal

or special conditions prevailed.

Projections of demand for paper and board derived from regression
equations and a graphical analysis of recent changes in relationships
and trends in use are presented in Section II of the study. These
projections indicate that the demand for all grades of paper and board
will rise to 70.8 million tons in 1975 and 99.5 million tons in 1935--

levels that are respectively 52 percent and 114 percent above 1954,

Domestic production of paper and board in 1985 is estimated at 95.3
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million tons, about 53.6 million tons above 1964. Projected demands
and production for each of the major grades of paper and board also
show substantial increases over 1964, especially so for container
board, newsprint, and bending board.

Largely on the basis of this projection of domestic paper and
board production, wood pulp requirements are estimated at 84.6 million
tons in 1935. This is 2.5 times the 33.3 million tons consumed in
1964. Most of the increase is expected to be for sulfate paper grade
pulps although substantial growth is anticipated in semichemical,
defibrated or exploded, and groundwood pulps. Domestic production of
all grades of wood pulp in 1985 is estimated at 85.1 million tons,
some 2.6 times output in 196k.

With this level of domestic wood pulp output, the requirements
for pulpwood in U.S. pulp mills are expected to be 120.2 million cords
in 1985--about 2.4 times the 49,7 million cords used in 1964. Domestic
production in 1935 is expected to be 113.7 million cords, or 70.2
million cords above output in 1965.

The study repeatedly brought out that there were many uncertainties
associated with the level of the above projections. Nonetheless, it
seems fairly clear that the demand for paper and board, wood pulp, and

pulpwood is likely to show rapid growth in the decades immediately ahesad.



APPENDIX A
GRAPHICAL ANALYSIS OF THE RELATIONSHIPS BETWEEN CHANGES IN

CONSUMPTION OF THE MAJOR GRADES OF PAPER AND BOARD

AND CHANGES IN SELECTED INDEPENDENT VARIABLES
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Per capita coarse and industrial
paper consumption in relation fo per
capita gross national product
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Coarse and industrial paper con-
sumption in relation to gross
national product
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Per capita sanitary and tissue
paper consumption in relation to

per capita gross national product
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consumption in relation
to gross national product

Sanitary and tissue paper
consumption in relation to
disposable personal income
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Per capita construction paper
consumption in relation to per

gross national product
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Construction paper consumption

in relation to gross
national product
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Per capita board consumption
in relation to per capita gross
national product
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Board consumption in relation to
gross national product
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(Per capita container board con-
sumption in relation to per capita '
gross national product |
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Per capita bending board consump-
tion in relation to per capita
gross national product
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Per capita building board coné

sumption in relation to per

capita gross national product
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Building board consumption in Building board consumption
relation to disposable personal in relation to construction
income expenditures
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Per capita consumption of other
board in relation to per capita
gross national product
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STATISTICAL MEASURES OBTAINED FROM REGRESSION EQUATIONS

TESTED FOR USE IN MAKING LONGRUN PROJECTIONS OF TRENDS

IN DEMAND FOR MAJOR GRADES OF PAPER AND BOARD
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Methodologiy Note

The projections of population and economic activity shown
in table 16 of this Appendix, were used as the independent variables
in making the projections of demand [or paper and board shown in
tables 1 through lﬁl{ Tne examples below illustrate the actual steps
involved in making the projections. In these examples, per capita
newsprint demand is the dependent variable. "he period 1 48-63 is used
as tne base time period and 1995 as the projection year. Because
they arc somewhat different, the calculations ure carried throug. for

each of tae regression equations--Y = a + b X, Y =a + b log X, and

lox Y = a + b oz X.

(a) Projected per capita newsprint demand in 1985 obtained
from use of the equation ¥ = a + b X where:

v = projected per capita newsprint cemand in 1945,
proJ L

‘
]

46,6191, The value of the a regression coefficient
obtained -en thz eyuation ¥ = a + b X is fitted to data
showing per capita newsprint consumption and per capita
gross national oroduct in the 194A-63 period (sece thais
frpendix, table 1).

Iw
i

0.7114, Ihe value of the p regression coefficient
ovtained when the eguation ¥ = u + b X is fitted to data
snowing per 2apita newsprint consumption and per capita
zross national product in the 17L5-63 period (see this
Appendix, table 1).

o
i

X = 34520, The projected per capita gross national product
in 1985 (see this Appendix, table 16).

/
i/Revised and higher projections of population and economic activity
(see text table 3) were used in making the projections of demand for
paper and board adopted in this study (see text tables 9 and 10).
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Using the above values:

Y

(v)

45,6191 + 0,011k « 4520

46,6191 + 51.5290

98,1471 pounds--the projected per capita newsprint demand
in 1985,

Projected per capita newsprint demand in 1985 obtained

from usc of the equation ¥ = a + b log X vhere:

~
|

o
]

I
"

loz

e

= projected per canita newsprint consumption in 1985,

-157.5733., The value of the a reqression coefficient
ovtained when the cquation ¥ = a + b log X is fitted to
data showing per capita newsprint consumption and the
losarithms of vper capita ross national product in the

19h-43 period (sce this Appendix, table 1).

63,5032, The value of the b resression coefficient
obtained wnen the equation ¥ = a + b log X is fitted to
data showing per canita newsprint consumption and the
lozaritnms of per capita gross national product in the
194%-63 period (see this Appendix, table 1).

X = 3.6551l. The logarithm of the projected value (34520)
of per capite sross national nroduct in 1945 (see this
Appendix, table 16).

Usins the above values:

(c)

=157.57%7 + 65,6032 + 3.6551k

250, 7726 + 157.:.733

52,7943 pounds--the projected per capita newsprint demand
in 19¢5.

Projected per capita newsprint demand in 1955 obtained

from use of tihc equation lor ¥ =a + b lor; X where:

lor

Y = the logarithm of pro/jcciid per capila newsprint
consumption in 1985.
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a = 0,544, The value of the a regression coefficient obtained
when the equation log Y = a + b log X 1s fitted to the
logarithms of per capita newsprint consumption and per
capita gross national product in the 1948-63 period (see
this Appendix, table 1).

1o
"

0.3919. The value of the b regression coefficient obtained
when the equation log Y = a + b log X is fitted to the
logarithms of per capita newsprint consumption and per
capita gross national product in the 1943-63 period (see
this Appendix, table 1).

log X = 3.65514. The logarithm of the projected value (:34520)
of per capita gross national product in 1.985 (see this
Appendix, table 16).

Using the above values:

log Y = 0.5446 + 0.3919 - 3.6551k4

0.5446 + 1.4324 = 1.9770

the antilog of 1.9770 = 94,34 pounds--the projected per capifa

newsprint demand in 1935.

The projection of total newsprint consumption in tons, for each
of the above equations, was derived by multiplying the projected per
capita consumption in pounds by projected population (see this Appendix
table 16), and dividing by 2,000 (the conversion from pounds to tons).

The a and b coefficients shown above and in the following tables
can be used with any given projection of population, gross national
product, or the other related measures of economic activity. It should

be noted that common logarithms have been used in all of the simple

regression eguations and natural logarithms in the multiple regression

eguations.

The calculated values of the dependent variables; the residuels,
i.e., the difference between the actual and calculated values for the

dependent variables; and the correlation coefficients between the
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independent variables and the coefficients or indexes of partial
correlation and determination for the multiple regressions are avail-
able in computer "print outs" on file in thc Vashington Office of

the Forest Service.
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Table 16 .--Messures of populstion and economic grovth, 1920-85

Gross nstianal product | Disposable perscnal income Index of Construction
Year | Population | Households (1961 prices) (1961 prices) industrial sxpenditures ho:mr.:’:n.

Total Per capite Total Por capite productica (1961 prices)

Billion Billion BMllioce

Millions Millicns dollars Dollars Jollars Dollars [ xgzl-sgmo] dollars Thousands
1920 106.5 2.5 142.8 Lwo -- -- ' 2.2 19.1 -
1925 115.8 21.5 1795 1,950 | -- : .5 39.8 --
1930 123.1 30.0 191.7 1,50 PLY Y L1170 32.0 3.3 --
1935 127.3 N.9 177.b 1,390 136.9 1,080 i 30.7 2.4 --
1940 132.1 .9 237.6 1,800 172.8 1,310 L3.9 3.5 .-
1965 139.9 7.9 3.7 2,660 | 2¥B.7 1,710 70.5 23.8 .-
19%0 152.3 43.6 371.6 20 | 289. 1,700 43 61.8 1,726
1955 165.9 47.9 L58.1 2,760 | 308.} 1,860 96.6 72.4% 1,603
1960 180.7 52.8 510,2 2,820 - 3% 1,960 108.7 3.2 1,296
1961 183.8 53.5 $20.1 2,830 | 36k 1,980 l 109.8 75.2 1,365
1962 186.7 56,7 554.3 2,710 B1.9 2,050 118.3 78.3 1,492
1963 1 189.4 55.2 575.3 3,0h0 395.4 2,090 126.) 9.9 1,661
1964 = 132.1 56,0 60k .1 3,10 haz.h 2,200 ! 132.0 8.4 1,591
e
PROJECTIONS

19710 208 62.5 110 3,810 500 2,400 150 98 1,630
1975 23 67.% 8o 3, T10 590 2,650 175 110 1,T10
1980 261 13,5 290 &,110 690 2,860 205 12% 1,920
1585 260 79.5 1,175 4,%20 820 3,1%0 2u0 10 2,080

i Preliainary.

Sources: Populstion, U.S. Departasnt of Commerce, Bursau of the Census, Current Population Heports: Population Estimates, No. 302
(1965).
Households, /.S, Department uf Commserce, Buresu of the Census, Bletorical Statistics of the United States, Colonial ﬂ%-_(}w
(Mashington: U.S. Govermment Printing Office, 1960) apd Current Fopulation Reports: Populatlon Charscteristice, Ko. 1 1365).

Gross national product, derived fros datus published by the U.8.,Congress, Joint Committee un the Economic Report, Potentisl Ecopomic
wth of the United States Duri the Mext Decade, 034 Cong., 24 Sesa., 195¢ and the U.§. Department of Commerce, Office of Busineas
Economics, ap. cit., Vol. 45, No. 5

Disposable personal income, derived from data published by the U.5. Departmsnt of Commerce, Office of Business Economics, ibid.

Index of industrial production, Board of Governors of the Pederal Raserve System. Industrial Production 1957-59 hase, and the Council
of Economic Adviscra, Economi: Indizatora (Monthly).

Value of new construction, derived from data published by the U.3. Departments of Labor and Commerce, Construction Volume and Costs
1915-1956: Comstruction Review (Washington: U.5. Government Printing Offtice, 1958) and the U.3, Department of Commerce, Bureau of the
Census, Construction Reports: Constructiom Activity, C30 {Monthly).

Housing starts, U.3, Department of Commerce, Burcau of the Census, Conatruction Reports: Housing Starts, C.0 (Momthly). and U.8.
Departasnt of Agriculture, Porest Service.

Projections, U.3. Department of Agriculture, Porest Service.
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Teble 5.--Messures of populstion &nd economic growth, 1920-6k

Gross patiocasl product | Disposable persomal imcome
Index of Comstruction
Year | Population | Households (1961 prices) (1961 prices) industriel expenditures ho:rn:r-:: e
Total Per capita Total Per capita production (196} prices)
Billion Billice Bililce
Millicos Millions dollars Dollars dollaps Dollars 1 -59w100 doliars Thousands
1920 106.% 2k.5 142.8 1, %o -- - 26.2 19.1 -
1921 108.5 25.1 1294 1,190 -- -- 20.1 .6 --
1522 110.1 25.7 1681 1,35% -- .- 25.6 30.1 --
1923 112.0 26.3 166.2 1,480 .- - 30.5 32.0 --
1926 11k, 26.9 165.7 1,450 .- -- B.6 35.8 -
1925 115.8 7.5 179.5 1,550 .- -- .5 39.8 --
1926 7.4 28.1 189.3 1,610 -- .- 334 L2.1 .-
1937 119.0 8.6 189.8 1,590 - -- 33.3 2.7 --
1590 120.5 25.1 192.7 1,600 -- -- 3.6 41.9 --
1929 121.8 29.6 212.9 1,750 156.4 1,280 F R 39.1 --
13% 123.1 30.0 191.7 1,560 JLY N 1,170 32.0 W.3 .
1931 12,0 30.3 171.0 1,430 138.9 1,120 26.5% 29.0 -
1932 124.8 30.4 . 150.7 1,210 119.6 960 20.7 21.6 --
1913 125.6 30.8 1 1eB.0 1,180 116.% 930 2h.b 17.4 --
193 126.4 1.3 ; 161.4 1,280 125.1 990 26.6 19.7 .-
1935 127.3 1.9 Pt 1,390 136.9 1,080 30.7 22.4 -
1936 128.1 32.5 201.9 | 1,580 15,2 1,200 36.3 30.9 -
1937 128.8 | 33.1 212.6 1,650 159.1 1,260 39.7 29.7 --
1938 129.8 | 33.7 201.9 1,560 149.2 1,1%0 3.h 29.7 .-
1939 1.9 | .k I 219.0 1,670 162.0 1,2k0 8.3 33.6 .-
1940 132.1 kY] §o231.6 1,800 172.8 | 1,310 43.9 .5 -
1961 133.8 35.9 275.8 2,070 197.7 1,480 56.4 k2.0 .
1942 136.9 ¥ | oal.s 2,310 221.7 1,640 69.3 $3.0 -
1943 136.7 36.8 |3%2.7 2,580 21.5 1,690 82.9 2.0 --
1904 | 138.h 7.1 . Iy 2,730 280.6 1,760 81.7 21.7 .-
1945 139.9 3.5 1 3IN.T 2,660 23.7 1,710 70.3 23.8 --
1946 1410 B4 } 327.0 2,30 235.8 1,670 59.5 1.9 -
1947 JUYIDY 39.1 326.1 2.2% 226.5 1,570 6%.7 6.9 .-
1948 146.6 k0.5 31¥8.6 2,10 2.8 1,630 6B.4 52.6 1,265
1949 149.2 } 2.2 319.0 | 2,270 219.8 1,610 6.7 55.3 1,15
195 152.3 L3.6 371.6 2,440 259 .4 1,700 7%.9 61.8 1,726
1951 154.9 | [V 401.0 2,590 26%.7 1,720 81.3 61,2 1,352
1952 l 157.6 | 45.9 L13.2 2,620 213.6 1,740 84.3 62’.:) 1,392
1953 i 160.2 u6.3 431.8 2,700 266.2 1,790 91.3 63.9 1,372
1954 1631.0 6.4 vou2y.T 2,610 269.2 1,710 8s.8 66.8 1,507
, i
1555 | 165.9 N usB ., 2,760 308.3 1,860 %.6 72.4 1,643
1956 168.9 i 48, b6 2,160 321.3 1,00 .9 71.0 1,405
1957 if2.0 a7 L73.3 2,750 3126.1 1,210 100.7 1.1 1,20
1458 176.9 50.9 w618 2,67¢ 331.2 1,80 13T i T0.7 1,30
1957 177.8 SL.4 w8 2,8 6.7 1,450 | 105.6 . 76.1 1,556
1460 180.7 52.8 s10.2 ! 2,82c 3938 L, 60 ! 18.7 | 3.9 1,246
1561 183.8 53.5 yau.d 2,830 6. | 1, /80 H 109.8 | 75.2 1,365
162 186.7 5.7 558.3 | 2,910 Bi.y 2,090 | 118.1 I 78.3 1,b32
1963 o 1By.4 55.2 575.3 3,060 356 | 2,00 | 124.1 19.9 1,641
196k = 192.1 560 60k .1 3,10 w24 ! 2,20 132.0 B2.u 1,591
S S S A e

L iretisfinery .

Soarcen populetion, WU Deparrtment 00T emer e, BLres rothe Census, urren’ Popraiation Heparts [
FeobL WL fle (LX) TooTmT T

et 113, 0.5, Depasrtaent of Cormerce, upeos of Lhe densu Histori al 2

.5, Sovernaent Prictine OffY e, L ) ound t bopulntion a,

romi

notre B i
Sf Commerce,

Depnrtment

. oBotential Zien

Hint Tammitten
orfi « of Business

VEd and the U3,

vy the U.0, Cungrese
f3d Nong., - Jeas.,
E(1#9).

Disposanle peraonal in~ome, derived from data puhltahed uy the U.S. Department r

Grozs natiopal jroduct, derlved from data pubitshed
arowtn o f tne tinfited Stateg Juring the Next De-ade,

E--ncmi~s, Survey of Curren® Business, Yol. LS, No.

DS 4
smacree, OCPLe ~f usiness Econcalcs. ibid.

wse. and the Councll

[ndex of industrial production, Board of Guvernors of the Federal Regerve System, Industrial Produ-tion 1957-593
~f £~ nemic Advinors, Eccnomis Indi-ators {Monthly ).

Cunstruction Volume ind Costs

Value of new ~cnatruction, derived from data pu: ligned ry the VL35, Depurtaents of Laver and Comserce,
Rireau of

17151350 onstruztion Heslew {Washington: VU.3. Government Printing office, 1353) and the U.5. Department of Commerce.
the Consus. Construction Reportsn: Construction A tivity, CiO {Monthly).

Housine starts, U.S. Department of Commerce, Burvau of the Census, Constru ti-n Reporta: Housing Starts, 20, (Monthly) and U.S. Depart-
ment of Agritulture, Forest Servise.
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Table 1.--Paper and board production rts, exports, and consumption
in the United States, 1220-61—51 ' ,

u.s. Apparent Per capita
Year production Laports Exports conluupt:lon-/ consumption
Thousand Thousand Thousand Thousand
tons tons tons tons Pounds

1920 7,185 778 219 7,744 1hs
1921 5,333 819 91 6,061 112
1922 6,875 1,099 96 7,878 143
1923 7,871 1,423 86 9,208 164
192k 7,930 1,459 9 9,298 163
1925 9,002 1,528 92 10,437 180
1926 9,794 1,930 117 11,607 198
1927 10,002 2,065 113 11,954 201
1928 10,k03 2,222 136 12,489 207
1929 11,140 2,485 179 13,421 220
1930 10,169 2,326 160 12,340 201
1931 9,382 2,105 124 11,ko0 184
1932 7,998 1,827 8s 9,803 157
1933 9,190 1,828 98 10,869 173
1934 9,187 2,250 127 11,201 177
1935 10,479 2,438 139 12,820 201
1936 11,976 2,832 137 1k4,652 229
1937 12,837 ! 3,h01 177 15,653 243
1938 11,361 ‘ 2,336 156 13,951 215
1939 13,510 2,683 198 15,982 2l
1940 14,484 2,812 kgo 16,770 254
1941 17,762 3,056 399 20,386 306
1942 17,084 3,036 264 19,731 293
1943 17,036 2,717 255 19,6k 287
1944 17,183 2,574 254 19,540 282
1945 17,371 2,751 396 19,827 283
1946 19,278 3,622 305 22,550 319
1947 21,114 4,116 352 2L,775 344
1948 21,897 4,575 295 26,070 356
1949 20,315 L, 746 295 24,781 332
1950 2h,375 4,998 297 29,108 382
1951 26,047 5,139 528 30,530 394
1952 24,418 5,173 ko9 28,971 368
1953 26,605 5,215 383 31,520 394
1954 26,876 ; 5,182 591 31,516 387
1955 30,178 5,463 736 34,979 ko2
1956 31,441 5,84 669 36,386 431
1957 30,666 5,438 751 35,280 410
1958 30,823 5,120 728 35,248 403
1959 34,036 5,579 793 38,793 L36
1960 34, LLY 5,715 897 39,295 435
1961 35,698 5,754 1,042 ho, k61 M)
1962 37,543 5,821 1,001 42,345 Ls5h
1963 3/ 39,231 5,762 1,149 32,913 L6k
1964 =2 L1,7L8 6,356 1,496 »567 L85

éJ/Data may not add to total because of rounding.

3 /Includes changes in newsprint stocks beginning in 1929.

=/ preliminary.

Sources: American Paper and Pulp Association, The Statistics of Paper (Annual)
1960 and 1965 Supplement and Monthly Statistical Summary No. 3 {New York: Americ.:

Paper and Pulp Association). ~U.S. Department of Commerce, Bureau of the Census.
Current Industrial Reports: Pulp, Paper and Board Series M26A (Annual). U,S. Depart-
ment of Commerce, Business and Defense Services Administration, Quarterly Industry

Report: Pulp, Paper and Board. U.S. Department of Agriculture, Forest Service.
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Table 2.--Paper grodncuon. imports, mn! and consumption
in the United States, 1920-

U.8. Apparent Per capitea

Year production Inports Exports conn-pttong/ consumption
Thousand Thousand Thousand Thousand

tons tons tons tons Pounds
1920 4,872 735 158 5,448 102
1921 3,59% 799 66 h,327 80
1922 4,79 1,066 67 $,T17 104
1923 5,078 1,372 $2 6,397 1k
1924 5,080 1,k04 50 6,438 113
1925 5,715 1,476 60 7,131 123
1926 6,1uk 1,875 63 7,956 136
1927 6,228 2,016 sT 8,188 138
1928 6,342 2,184 70 8,455 1ko
1929 6,776 2,Lhs 93 9,101 19
1930 6,191 2,297 76 8,k16 137
1931 5, 2,085 7,671 124
1932 4,755 1,809 h 6,587 106
1933 5,182 1,810 49 6,893 10
1934 5,173 2,229 75 7,219 1b
1935 5,855 2,h3 ™ 8,234
1936 6,598 2,799 71 9,308 15
1937 7,109 3,363 ol 9,969 155
1938 » 340 2.33 n 8,970 138
1939 7,484 2,6 97 10,029 153
1940 8,105 2,791 254 10,606 161
1941 9,362 3,019 264 12,084 181
1942 9,115 2,961 161 11,790 175
1943 8,115 2,663 182 11,043 162
19uk 8,220 2,522 180 10,599 153
1945 8,457 2,700 255 11,004 157
1946 9,773 3,580 27 13,091 185
1947 10,705 4,087 214 1k ,uls 200
1948 11,119 4,500 161 15,350 209
1949 10,350 4,676 181 14,859 199
1950 12,06k 4,913 175 16,833 221
1951 13,010 5,025 21 17,630 228
1952 12,197 5,090 326 16,839 21k
1953 12,739 5,091 189 17,72k 221
1954 13,017 5,073 326 17,873 219
1955 14,503 5,259 (3L 19,b22 23k
1956 15,419 5,688 3k0 20,537 243
1957 1k, 909 5,308 387 19,757 230
1958 : 1k 887 4,986 36 19,560 224
1959 | ib . 506 5,392 329 21,540 b2
1960 FEE. 0t S,5Th 361 22,055 24k
1961 ‘ 22k 5,605 4os 22,714 245
1962 : - ) 5,632 349 23,231 249
1963 ., | 18,792 5,937 382 23,976 253
196k 4 | e 6,117 L32 25,359 26k

%/,hh may sot edd to total Lecause or rounding.
</ imcludes changes in newsprint stocks beginning in 1929.

2/ preliminary.
Sources: See source note table one.
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Table 3.--Newvsprint production, imports, exports, end consusption in the United States, 1@-6|~y

2/
1mports into the United States Production es
u.S. U.S. 3/ Per capite
YeAT | production (2ol | prom Canada? | From Burcpe | TPOTS Coneumpt! :o::::;::o:r consumpt ion

Thousand Thousand Thousand Thousand Thousand Thousand

tons tons tons tons tons tone Percent Pounds

1920 1,512 130 680 51 46 2,196 6.9 13}
1921 1,237 723 657 135 17 2,013 61.5 37
1922 1,L48 1,029 896 133 26 2,51 59.1 Ls
1923 1,521 1,309 1,108 200 16 2,814 5h.1 50
1924 1,481 1,357 1,201 156 17 2,621 52.5 49
1925 1,563 1, L8 1,315 133 23 2,989 52.3 52
1926 1,684 1,851 1,751 100 19 3,516 L7.9 60
1527 1,517 1,987 1,865 122 12 3,492 L3.b 59
1928 1,415 2,157 2,061 116 11 3,561 39.7 59
1929 1:"09 2;“3 ’ 2132, 96 19 3:767 37-2 62
1930 1,226 2,280 2,145 134 10 3,501 35.0 ST
1931 1,203" 2,067 1,916 151 10 3,298 36.5 53
1732 1,067 1,792 1,647 145 8 2,895 36.2 46
1333 928 1,79% 1,640 153 11 ,660 3%.9 b2
1336 990 2,210 2,063 147 23 3,068 32.3 49
1935 948 2,383 2,186 197 2 3,351 2.3 53
1936 338 2,752 2,509 242 15 3,657 25.6 ST
1937 776 3,317 3,023 294 17 3,868 5.2 60
1938 832 2,215 2,031 243 6 3, k92 23.8 5h
1939 954 2,615 2,305 1o 13 3,543 26.9 Sk
190 1,056 2,763 2,729 3 Mo b 3,739 2.2 57
1941 1,0k 2,982 2,919 3 70 3,923 26.6 59
1942 967 2,921 2,920 2 42 3,722 26.0 55
1943 811 2,637 | 2,637 .- 35 3,559 2.8 52
194k 721 2,691 2,k91 -- 3 3, 22.4 L7
1945 725 2,669 2,667 -- lols 3,k52 21.0 49
1946 173 392 3,479 13 28 4,192 18.4 59
1947 833 3,958 3,828 129 28 4,660 17.9 €5
1748 876 k4,396 L, 127 268 28 5,137 17.1 70
1947 318 L, 640 4,382 257 39 5,533 16.6 T4
1950 1,013 4,863 k4,690 173 L 5,863 17.3 (i
1951 1,109 4,963 4,756 207 71 5,872 18.9 76
1352 1,109 5,033 L,850 183 105 5,915 18.7 15
1553 1,069 5,006 4,843 163 %4 6,111 17.5 76
1954 1,202 4,99% L,867 128 140 6,106 19.7 15
1455 1,459 5,165 5,019 146 207 6,471 22.5 78
1956 1,620 5,569 ' 5,258 311 152 6,807 23.8 a1
1957 1,807 5,218 | 5,063 155 174 6,778 26.7 79
1458 1,726 L,883 b, 77b 109 127 6,515 26.5 75
1957 1,524 5,255 5,127 128 120 7,030 7.4 79
1960 2,004 5,450 | 5,289 161 135 7,353 27.3 81
1961 2,054 5,485 | 5,330 155 182 7,508 27.7 81
1362 2,105 5,487 5,301 186 110 7,464 28.2 80
1363 s/ 2,213 5,393 5,227 166 18 7,557 29.3 8o
1964 2,296 5, 75k J 5,673 262 18 8,093 8.4 au

l/Duu may not add to totals because of rounding.

3/ loports from Censda and Eurcpe for the years
Distribution of Newsprint Paper 1959-1960 (New York:

}IIncludel changes in stocks beginning in 1929.

Y.

zll’rellniwy.

Sourzes:

Includes Newfoundland.

See scurce note table one.

1420-49 from the Newsprint Service Buresu, World Production and
Newsprint Service Buresu, 1962).
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Tertle M. -~Groundwood paper production and consumption

in the United Stutes, 1920-6k

Year uU.s. Apparent Per capita
production consumption consumption
Thousand Thousand
tons tons Pounds

1920 170 170 3
1921 92 92 2
1922 150 150 3
1923 166 166 3
192k 170 170 3
1925 189 189 3
1926 209 209 L
1927 296 296 5
19283 235 235 b
1929 363 363 6
1930 221 221 4
1931 311 311 5
1932 125 12% 2
1933 285 285 5
193k 391 391
1935 K 384 "
1936 L87 L87 a
1937 596 536 9
1938 kg0 Lgo 8
1939 568 563 9
1940 588 580

141 643 643 10
1942 610 610 9
iG43 586 586 9
e 593 593 9
1945 636 636 e
156 776 776 21
1947 821 821 11
1948 772 T2 11
19549 675 675 E
S50 T05 TOS 9
1951 T90 790 i0
1952 806 806 10
1953 T71 7L 10
1954 788 88 10
1955 886 886 11
1956 972 912 i2
1957 8hk6 Bk6 10
1958 a2k 82y 9
1959 909 909 10
1960 938 938 10
1961 907 907 10
1962 910 910 10
1963 Y, 956 956 10
1964 952 952 10

!._/ Preliminary.

NOTE:

Imports and exports of groundwood pap=r are

included with imports and exports of book paper shown

in table 5.

Sources:

See source note table one.
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Table 6.--Fine‘pgper production, imports, exports, and consumption

in the United States, 1920-6!»-7

1

u.s. Apparent Per capita
Year production Imports Exports consumption consumption
Thousand Thousand Thousand Thousand
tons tons tons tons Pounds
1920 h1s -- 27 387 7
1921 247 -- 13 234 L
1922 383 1 6 378 7
1923 398 9 5 ko2 7
1924 oo 8 3 27 8
1925 498 8 3 503 9
1926 527 7 7 528 9
1927 535 11 8 537 9
1928 578 9 15 572 10
1929 737 10 16 731 12
1930 713 10 13 711 12
1931 593 13 9 597 10
1932 511 10 8 514 8
1933 571 9 8 573 9
1934 507 9 11 505 8
1935 614 9 14 609 10
1936 730 10 1k 725 11
1937 700 10 20 690 11
1938 620 9 16 613 9
1939 723 10 21 712 11
1940 736 8 53 691 11
1941 950 3 L6 906 1k
1942 1,043 1 38 1,007 15
1943 1,011 2/ 58 953 1k
19L4 967 2/ 68 900 13
1945 1,001 2/ 86 916 13
1946 1,146 1 81 1,065 15
1947 1,172 2 68 1,105 15
1948 1,1k 2 4s 1,097 15
1949 1,012 1 Ly 969 13
1950 1,197 1 39 1,160 15
1951 1,366 1 L8 1,320 17
1952 1,296 1 4o 1,257 16
1953 1,299 3 34 1,268 16
1954 1,285 2 b1 1,246 15
1955 1,450 2 Lo 1,410 17
1956 1,575 2 34 1,543 18
1957 1,516 L 39 1,481 17
1958 1,535 L 33 1,506 17
1959 1,759 6 32 1,733 20
1960 1,776 7 34 1,749 19
1961 1,924 6 34 1,896 21
1962 2,054 9 32 2,030 22
1963 3/ 2,10k 7 30 2,080 22
1964 = 2,210 13 33 2,190 23

%7Data may not add to total because of rounding.
=/ Less than 500 tons.

é/Preliminary.
See source note table one.

Sources:
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Table 7.--Coarse and industrial gaper—/ productionAggggprtslfexgorts, and

conswmption in the United State|1,1920-6b-
u.s. Apparent Per capita
Year productiocn Imports Exports consumption consumption
Thousand Thousand Thousand Thousand
tons tons tons tons Pounds
1920 1,250 2 32 1,220 23
1921 920 6 1k 912 17
1922 1,263 33 17 1,279 23
1923 1,348 Ll 1k 1,378 25
1924 1,365 2k 15 1,374 2
1925 1,439 10 17 1,432 25
1926 1,571 7 19 1,559 27
1927 1,610 12 19 1,603 7
1928 1,865 13 22 1,856 31
1929 1,736 9 25 1,719 28
1930 1,826 5 26 1,805 29
1931 1,510 3 18 1,495 2l
1932 1,486 5 12 1,478 2h
1933 1,59 5 15 1,584 25
1934 1,518 5 26 1,497 24
1935 1,727 1k 2k 1,717 27
1936 1,985 2% 26 1,986 31
1937 2,191 19 29 2,181 34
1938 1,995 15 27 1,982 31
1939 2,397 15 33 2,379 36
1940 2,653 b 96 2,561 39
1941 2,869 5 82 2,792 L2
1942 2,794 10 us 2,759 41
1943 2,558 1 ué 2,513 37
1944 2,650 2 k2 2,610 38
19L4s 2,730 1 51 2,680 38
1946 3,080 7 ug 3,038 L3
1947 3,293 23 L6 3,270 4s
1948 3,4l2 19 31 3,429 L7
1949 3,099 6 39 3,065 5
1950 3,758 11 50 3,719 ]
1951 4,163 11 89 4,086 53
1952 3,752 10 101 3,661 L7
1953 3,939 35 67 3,907 L9
1954 3,962 36 88 3,911 L8
1955 L,297 43 97 4,243 51
1956 L,631 51 89 4,593 54
1957 4,31k 43 104 4,253 50
1958 4,255 55 109 4,201 L8
1959 4,751 83 92 4,742 53
1960 4,717 68 11 4,675 52
1961 4,841 67 115 4,793 52
1962 5,026 83 135 4,974 53
1963 3/ 5,162 75 157 5,080 54
196k 5,367 6L 182 5,249 55

l/Includes wrapping, shipping sack,

absorbent, and other similar grades of paper.

—/Data may not add to total because

3'Pre11m1nary

"Wk e mrrrt et cmmdem A Y e

of rounding.

bag, converting, special industrial,



Table 8.--Sanitary and tissue

r production rts, exports, and
Eﬁl,

- 251 -

consumption in the United States, 1920-

. U.8s. Apparent Per capita
Yeas production Imports Exports consumption consuaption
Thousand Thousand Thousand Thousand
tons tons tons tons Pounds
1920 195 -- 5 190 4
1921 186 -- 2 184 3
1922 215 .- 1 214 L
1923 251 .- 2 249 L
192k 242 - 1 241 L
1925 281 -- 2 279 5
1926 310 -- 2 308 5
1927 316 -- 2 1L 5
1978 348 -- 2 346 6
252 380 -- 2 378 6
1930 353 -- 2 351 6
1930 388 -- 1 387 6
193» 352 -- 2 350 6
1933 Lo1 -- 2 399 6
1934 390 2/ 2 388 6
1928 466 2/ 2 L63 7
133 180 2/ 3 u78 8
1937 526 2/ 5 521 8
1638 535 2/ 6 529 8
1939 648 2/ 6 642 10
1940 T3k 2/ 13 721 11
1z 362 g s T "y
1
1043 969 2/ 12 957 14
194k 965 2/ 11 954 1k
145 981 2/ 10 971 14
1946 1,044 2/ 7 1,037 15
1947 ! 1,089 2/ 8 1,080 15
14 1,188 2/ 5 1,132 16
105 A 10 1,1 16
1w : 1,345 2 7 1,358 18
vl 1,473 2/ 7 1,466 19
R | 1,357 2/ ) 1,352 17
L1333 , 1,505 1 6 1,500 19
1954 | 1,612 2 7 1,607 2
19505 I 1,761 1 7 1,755 21
195 | 1,860 3 10 1,853 22
1957 ? 1,912 2 12 1,902 22
1558 1,945 2 L 1,933 22
1959 2,128 2 ik 2,116 24
|
1°%0 ; 2,201 3 13 2,191 2h
1902 | 2,312 3 10 2,305 25
o L2 ' 2,414 Y 12 2,406 26
103 3 | 2,576 6 16 2,566 27
%h 2,745 2/ 22 2,723 28
,_..H.J..q._

E“Duuu may not add to total because of rounding.
:7Less than 500 tons.

Preliminary.
See source note table one.

Sources:
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Tuble 9.--Construction paper production, imports, exports, and consumption
in the United States, 1920-64Y

U.s. Apparent Per capita
Year production Imports Exports consumption consumption
Thousand Thousand Thousand Thousand
tons tons tois tons Pounds
1920 375 -- -- 375 7
1921 217 -- -- 217 L
1922 L22 1 3 a9 8
1923 3hs 1 2 3Ll 6
1924 350 1 Y 348 6
1925 582 1 6 577 10
1926 650 1 6 6hs 11
1927 626 1 6 620 10
1928 566 1 7 560 9
1929 659 1 11 6kLg 11
1930 L9 1 9 460 8
1931 395 1 8 388 6
1932 294 2/ 3 290 5
1933 328 2/ L 325 5
1934 328 1 L 325 5
1935 Luy 1 l L37 7
1936 550 1 L shé 9
1937 %08 1 7 602 9
1938 570 1 8 564 9
1939 659 1 7 653 10
1940 682 1 6 677 10
1941 918 1 10 909 1k
1942 1,001 1 7 995 15
1943 878 1 8 871 13
1944 881 1 6 876 13
1945 883 1 16 868 12
1946 1,022 1 9 1,014 14
1947 1,289 1 9 1,281 16
1948 1,321 2/ 8 1,31k 18
1949 1,151 2/ 9 1,143 15
1950 1,k25 2 8 1,419 19
1951 1,386 2 10 1,378 18
1952 1,299 2 8 1,293 16
1953 1,371 L 9 1,366 17
1954 1,428 2 10 1,420 17
1955 1,598 5 10 1,593 19
1956 1,l28 2 10 1,420 17
1957 1,329 1 12 1,318 15
1958 1,389 1 11 1,379 16
1959 1,435 1 1h 1,b22 16
1960 1,410 1 1h 1,397 16
1961 1,391 1 16 1,377 15
1962 1,429 1 11 1,419 15
1963 3/ 1,453 3 7 1,448 15
1964 = 1,534 3 9 1,527 16

l/,Data may not add to total because of rounding.
Less than 500 tons.

</
Q/Preliminary,
See source note table one.

Sources:
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Table 10,--Board production, imports, exports, and consumption
in the United States, 1920-61

u.s. Apparent Per capita
Year production Imports Exports consumption consumption
Thousand Thousand Thousand Thousand
tons tons tons tons Pounds
1920 2,313 43 61 2,296 L3
1921 1,740 20 26 1,734 32
1922 2,156 34 28 2,162 39
1923 2,793 52 34 2,811 50
1924 2,850 5L Ly 2,863 50
1925 3,287 52 32 3,306 57
1926 3,650 55 55 3,651 62
1927 3,774 L8 56 3,766 63
1928 4,062 37 65 4,034 67
1929 4,365 41 86 4,320 7
1930 3.979 29 84 3,924 6l
1931 3,778 20 69 3,729 60
1932 3,243 17 Ly 3,216 52
1933 4,008 18 k9 3,977 63
1934 L,01h4 20 52 3,982 63
1935 4,624 25 62 k4,586 72
1936 5,378 33 66 5,34l 83
1937 5,728 38 83 5,684 88
1938 5,04) 26 85 4,982 77
1939 6,025 28 101 5,953 9
1940 6,379 21 236 6,163 93
1941 8,400 37 135 8,302 125
1942 7,969 75 103 7,941 118
1943 8,620 1 73 8,601 126
1904 8,963 f 52 73 8,941 129
1945 8,914 ; 51 bLS | 8,823 126
1946 9,504 ho 88 9,459 134
1947 10,k09 59 138 10,329 143
1948 10,779 75 13k 10,720 146
1949 9,95 70 114 9,922 133
1950 12,312 85 122 12,275 161
1951 13,036 1L 251 12,900 167
1952 12,221 8L 17k 12,131 154
1953 13,865 124 194 13,796 172
1954 13,799 109 26k 13,6h4 167
1955 15,675 204 322 15,557 188
1956 16,023 157 329 15,851 188
1957 15,757 130 36k 15,523 181
1958 15,937 133 382 15,688 179
1959 17,530 188 463 17,255 194
1960 17,635 11 536 17,240 191
1961 18,474 149 636 17,987 196
1962 19,577 189 652 19,114 205
1963 , 20,478 , 225 767 19,937 211
1964 =/ 22,034 239 1,06k 21,208 221

%/ Data may not add to total because of rounding.
%/ preliminary.

Sources: See source note table one.
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Tuble 11.--Containe=: board production, imports, exports, and consumption
in the United States, 1925-3353

U.S. 2 3 Apparent Per capita
Year production Imports—/ Exportsw/ consumption consumption
Thousand Thousand Thousand Thousand
tons tons tons tons Pounds

1925 1,777 -- -- -- --
1926 - .- -- -- -
1927 2,100 -- .- - -
1928 1,985 -- - -- -
1929 2,256 -- -- -- --
1930 1,916 -- .- .- --
931 1,90k -- -- -- --
1932 1,593 -- -- -- --
1933 2,021 - - -- .
1934 1,882 -- - - .-
1935 2,358 -- -- - -
1936 2,756 -- -- -- --
1937 3,168 2 35 3,135 L9
1938 2,631 L/ L2 2,590 4o
1939 3,361 L/ 5T 3,305 51
1940 3,435 i/ 152 3,263 50
1941 L,184 'Y 64 4,120 62
1942 2,755 39 59 3,735 55
1643 4,088 L 38 L, 054 9
19kk 4,228 y/ L3 4,186 61
1545 4,131 -- T 4,057 58
1946 4,315 'Y, 37 L,278 61
1947 L4, Gl 2 60 L,886 68
L | 5,079 1 62 5,017 68
99| 4,580 L/ 55 L, 625 62
1350 ' 5,830 b/ 50 5,771 76
1951 5,322 3 135 6,191 80
1952 5,766 5 93 5,678 72
1953 G,003 3k 110 6,576 82
195k 6,4 22 170 6,3ko 78
1955 j Y,y o0k 18 213 7,356 89
1955 7,763 12 213 7,562 90
1957 7,631 18 255 7,394 86
1958 7,579 19 267 7,331 84
1959 3,kh1 17 350 8,108 91
1960 8,637 10 Los 8,240 9N
1971 9,251 10 463 8,79 9%
192 3,925 19 L8y 9,454 101
1963 ¢ 10,k4e5 21 599 9,846 10k
1961 & 11,420 8 872 10,556 110

-

= Data may 1 't 2dd to total because of rounding.

%' Includes srall quantities of boxboard.

,Includes exports of boxboard (bending and nonbending) for the years 1937-h49.
gQLeas than 500 tons.

=/ preliminary.

Sources: See source note table one.

Hw
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Table 12.--Bending .oard production and conasumption in the United States, 1‘9_13-6‘«'1’

11.8. production Apparent consumption Per capita consumption
Year
Speclsl food | Folding Special food § Folding Special focd | Folding .
Totul bonpd boxbonrd™ Total board voxboardd] TOTA board boxboardS
Thousand Thousend Thousand Thousand Thousand Thousand
tons tons tons tons tona tons Pounds Pounds Pounds
1929 91 -- -- 991 -- -- 16 - --
1930 1,013 -- -- 1,013 -- -- 17 - --
1931 906 -- -- 90 -- -- 15 - .-
1932 3274 -- -- a7 -- - ih -- -
1933 957 “- -- 9574 -- -- N -- .-
193k 6 - -- 966 -- -- eI - --
1935 1,121 -- 1 -- 1,121 -- .- 17 -- --
193¢ 1,:72 -- .- 1,272 - -- ) -- -
1937 1..89 -- .- 1,589 -- -- .U -- --
1938 1,221 -- -- 1,00 -- -- 1y ! - --
1035 L, %0 -- -- 1,350 -- .- 1! -- --
vk 1416 | .- -- 1,16 - - 1 : - --
1961 1.7 -- -- 1,8L2 -- -- Kl -- --
1042 1,71 ' Lty ) 1,712 375 ! 1,397 24 21
1641 2. ok 19y i 2.0h7 285 1,662 ! 33 ob
1984 2,115 27 | 1L 387 1,730 N f 25
1945 2,270 I7h ! D270 7k 1,596 12 5 o7
1&6 2,705,; ::f_zh : 79;; ! ‘l:gh '>;r;; 1.2 ;‘) Elt]
1947 2,7 o 2,75 0 o2 37 32
194R 2,672 L 2,67 Lu3 l 2,228 a7 [ 30
1949 2,613 51 oA 516 : 2,097 !5 v 2
1950 3,135 156 135 ' 6% 1 2819 by 9 3
1951 3,272 ik 3,872 T T,ke9 bo o 1 32
1952 3,14k T 3,14k 799 2,345 Lo 19 30
1953 3,5k4 F5h 3,54k 95h 2,590 L 12 32
1954 3,580 1,701 3,530 | 1,001 2,579 ul 1. 32
1955 3,929 1,154 3.,927% ! 1,195 2,775 L7 b 3k
1956 L, 112 1,90 L.112 1,590 2,822 L9 13 33
1957 L, 19 1,281 Loy 1.08 2,868 u8 15 3
1958 L, 215 1,350 L.275 | L,3% | 2,925 L9 15 3k
1959 L, 534 1,b47 b5 1,447 3,087 53 16 35
1960 L,598 1,467 Loy o 1,466 3,132 51 1€ 3
1961 4,738 1,90 h,73R 1,59 3,141 5. 17 34
1962 5,000 1,727 5,028 727 3,301 54 19 35
1963 . 5,1h2 1,737 l 5,142 | 1,737 3,h05 5 i 36
196k 2 5,333 1.965 ' 5,198 1, HLA 3,550 s 13 7
i —_ L [ S

%’D&t.n. @muy not udd tn toutula because of rounding.
=/ Inciudes other nending bourd.
< Preliminery .

NCTE: 1Imports included in contalner board, Bxpcrts in-luded in ‘untainer board 1737-59, in

Sources:

See cource pote tarle one,

other voard 19%0-Ak.
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Table 1l4.--Other board-l-/ production, imports,

- 257 -

exports, and consumption

in the United States, 1927-64~

u.s. / L Apparent Per capita
Year production Import03 Exporta—/ consumption consumption
Thousand Thousand Thousand Thousand
tons tons tons tons Pounds
1927 806 -- -- -- --
1928 1,049 -- -- -- --
1929 95 -- -- -- --
1930 928 -- - .- --
1931 856 -- -- -- --
1932 701 -- - -- --
1933 971 -- -- -- --
1734 1,097 -- -- -- --
1935 1,065 -- -- -- --
1936 1,251 -- -- -- --
1937 1,162 17 17 1,162 18
1938 1,070 11 20 1,062 16
193y 1,130 12 16 1,185 18
1340 1,348 10 5T 1,302 20
1941 1,746 13 u2 1,716 26
1942 1,625 12 25 1,612 24
1943 1,599 20 26 1,593 23
154L 1,700 21 17 1,704 25
1945 1,607 22 22 1,606 23
1946 1,506 LN 24 1,495 21
1967 1,635 2l 37 1,621 23
1948 1,758 Ly 36 1,766 24
e ) 1,834 L8 3L 1,848 25
1953 2,125 54 39 2,141 28
1951 2,176 78 91 2,164 28
1952 2,001 52 56 1,998 25
1553 2,29 65 62 2,297 29
1954 ! 2,25 L1 71 2,229 27
1955 | 2,965 123 82 2,606 31
195 2,506 s8 87 2,477 29
1357 2,420 3h 83 2,371 28
1958 2,417 35 95 2,357 27
1957 2,6ky 38 93 2,594 29
1960 2,617 25 109 2,533 28
1961 2,640 29 147 2,523 28
1962 2,679 27 b1 2,566 28
1963 / 2,813 21 141 2,694 28
1964 2 2,953 12 162 2,803 29

i/Includes nonbend ing, special paperboard, cardboard, wet machine board, and
ther similar grades of board.

Deta may not add to total because of rounding.

2

%;Imports of nonbending board included in conteiner board.
2/Includes exports of bending board for the years 1950-6L .
E/Preliminary.

Sources:

See source note table one.
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Table 17,-= rts of r and board into the United States by aslected grade, 1 20-6!oy

{Thousand tons)

Total Paper Board
Year paper Total 2 Coarse and Other | Total | Container | tuilding | Other
and board paper Rewsprint | Book paper= Pine paper induatrial paper | paper | board voard 3. board I uoard
1920 778 7350 730 2 -- 2 -- 43 - -- -
192 819 799 | 793 1 .- 6 -- 20 - - -
1922 1,099 1,066 1 1,09 3 1 i 33 1 W -- -- -
1923 1.423 1,372 1,39 A 9 [ 1 2 . - .-
192k 1,459 1,404 | 1,357 13 8 ! 2 1 | 54 .- .- ;
1925 1,58 | 1,476 | 1,048 8 f { 10 1 s -- ®
1926 1,93 ; 1,875| 1,85 8 7 | 7 1 55 - s
1927 2,065 ' 2,006 1,987 5 1 12 1 43 - E
1928 2,222 2,184 ¢ 2,157 b 9 | 13 1 37 -~ F-
1929 2,485 2,4ks 2,423 2 10 ‘ 9 1 '3 -- 29 : -
1
1930 2,326 2,297 2,280 1 10 5 1 29 .- 21 | -
1931 2,105 2,08y i 2,067 2 13 3 t 20 .- 17 ! -
1932 1,827 1,809 i 1,790 2 12 5 ‘/ 17 .- 16
1933 1.828 1.8107 1.79% ? | 9 5 ¥ 18 .- 6 -
1934 2,250 2,279 2,210 b | 2 5 1 20 -- 9 =
1915 ¢ 2B 2417 2,30 6 5 14 1 2y - 3 -
19% | 2,832 | 2799 I 2,752 11 10 £ 1 33 - 17 | .
1937 Lol 3,63 3, 1Yy 10 19 ; 1 38 2 19 '
1934 D3 0,309 2,715 15 9 i 19 1 26 z/ 19 i
1939 2,683 2,650 1 2,615 13 1) ; 15 1 E] & 16 1
1940 2.he 2,791 ’ 2,763 17 H b 1 o V 10 1o
1941 1,0% 3,019 2,982 e 3 5 1 3 % 24 13
1942 1,036 2,961 2,921 28 1 10 : 1 75 39 25 1.
1943 2,717 2,663 i 2,637 23 . ;/ 1 ! 1 sk L 30 el
1944 2,574 2,522 I 2,491 21 , LY, 2 : 1 52 13 30 o
1945 2,751 2,700 | 2,669 30 L 1 ' 1 51 .- o9 i o
1946 3,672 3,580 3,492 8o : 1 7 1 [ ' ) ; 1
1947 b,1le L0357 3,958 T4 ' 2 23 1 59 2 13 ; o4
1948 L, 575 b,500 , 4,396 83 ! . 1y 1 7% 1 a1 o
19L9 L, 78 4,676 ,6L0 ol ! 1 [ 2 70 ' 2a i U8
I
1950 4,998 4,913 1 k,B63 39 : } ! 11 3 85 4 31 : Sh
1951 5,139 5,009 L, 963 L7 I 1 11 ! 2 114 3 13 | 78
1952 5,173 5,090 5,033 L3 | 1 10 2 84 s 27 i 9%
1953 5,215 5,091 5,006 L1 | 3 35 : L 124 3 2 I 65
1966 ' 5.1M2 5,071 4,995 3 E K £ ‘ b 109 el W | m
i
1995 1 5,463 5,257 5.165 L3 : H L3 6 204 18 £l # 123
195 | 5Bk | SIEE 5,569 60 | 2 51 L5 | st 12 86 5
1957 © 5,438 Z;&,d Eg}e :o i : 43 ‘ 3 130 18 78 l W
1958 | 5,120 986 8461 1 : 55 3 123 19 79 35
1959 1 5.519 | 5,392 5,255 45 | 6 8 I B AT 17 133 B
: ! . !
1960 | 5,715 4 5,574 5450 L : ! ] ik 141 10 06 |7
19%1 | 5,754 ' 5 A0S 5,485 L2 : 6 67 | L J UL 10 10 : 3]
1%,2 5,821 5,632 PR ¥ 49 X 9 83 5 139 19 142 i A
1963 4 5,762 5,537 %.3193 5k ! 1 79 ! 9 5 | 21 1w 7 2
190k 2 6,35 flle 5 95k 83 i 13 6ls ]L 3 319_L 3 719 [ 17

1 Data may not add to totals tecause of rounding.
< .Includes groundwood puper.

/ Includes small quantities of bLoxboard,
% /Less than 50 tons.

/ preliminary.

Jourcen:

See source note tatle one.
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Teble 19.--Exports of peper and board from the United States, by selected grade, lgeo-ﬂny
(Thoussnd toms)

Total Paper Board
Yesr paper
Total & Coarse and Other | Total | Container | Building | Other
end boerd paper Newsprint | Book ’."’J Pine paper industrial paper | paper | board board 3/ board voard
1920 219 198 46 48 27 32 5 61 - -- .-
1921 91 66 17 0 13 1k 2 26 - - -
1922 96 67 2 15 6 20 5 8 - - -
1923 86 82 16 13 ] 1 4 ) -- . -
1924 9l 50 17 9 3 15 5 b1 - -- -
1925 92 60 a3 9 3 17 8 32 -- 5 --
1926 117 63 19 9 7 19 8 59 -- b --
1927 13 57 12 8 8 19 9 56 -- 20 .
1928 136 70 11 12 15 22 10 65 -- el --
1929 179 93 19 19 16 25 14 86 -- i 35 --
1930 160 76 10 16 13 2 12 Bl -- - .-
1931 124 55 10 10 9 18 9 69 -- .-
1932 85 U 8 7 8 12 b L - 13 --
1933 98 49 11 9 8 15 6 ug -- N 14 --
1934 127 75 23 8 11 26 6 52 - ; 19 --
1935 139 77 22 10 1L o 7 62 , - ! EX) --
1936 137 1 15 9 | 26 ? 66 ' -- e --
1937 17 9N 17 15 20 29 13 83| 35 i1 17
1938 156 71 6 Q 16 F4} 13 85 | L2 ! 2 20
1939 198 97 i 13 15 2 33 13 101 57 o9 16
19%0 490 2% ks 3] 53 9%6 19 23 152 #7 57
1941 399 264 70 b1 L6 82 2 135 64 29 Lo
1942 264 161 42 2 38 Ls 15 103 59 19 -9
1943 255 182 15 : 22 58 46 20 i6) 38 1 o6
194k 25k 180 1 22 68 (Y] 17 73 43 11 17
1945 396 255 Lk L9 86 51 % 141 Th Ly
1946 30% 217 8 WA 81 u9 16 a8 37 ot A
1947 352 214 28 S 68 u6 17 138 60 Ly 17
1948 295 161 28 Ll us 3 13 134 62 i k2
1949 295 181 ki ko ul 19 19 1k 55 5 s
1950 297 17% ks 27 , 19 50 16 122! £0 2 )
1951 528 F4a4 71 5 [} 89 17 251 135 LG i
1952 499 326 10% 66 4o 101 13 174 93 h e
1953 383 189 L7 Fe4 k) 67 15 194 110 1l . ‘e
1954 591 326 140 41 5% 88 17 26k 170 | 71
1955 7% b1k 207 50 L2 97 17 a2 2113 i . 5
1956 669 340 152 Ls X 34 89 20 329 213 &~ o
1957 751 387 L74 L7 ; 39 104 - 6h 255 s
1958 728 36 127 52 x] 109 25 B2 267 ) Bl
1959 793 329 120 57 32 92 28 463 350 e i
1960 897 361 135 55 3 111 14 536 406 w109
1961 1,042 Los 182 48 kL3 115 - 6% u68 e T
1962 1,001 L9 110 L8 32 135 23 652 L89 ; P 1S
193 4,0 1,149 382 ua 53 30 157 L b 767 599 &,
1 - 1,496 L32 118 68 33 182 : 31 1,064 872 30 |t

i Data may not add to totals becsuse of rounding.

—/,xmludu groundwood paper.
gjlncludu exports of boxboard (bending and nonbending)-for the years 1937-49.

Preliminary.
Sources: See source note table one.
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APPENDIX E

BASIC STATISTICS ON PRODUCTION, TRADE,

AND CONSUMPTION OF WOOD PULP BY TYPE
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Table 1.--Wood pulp production rts rts, and consumption in the
United States, 1225-71

u.s. Apparent Per capita

Year production Imports Exports consumption consumption
w Thousand Thousand Thousand

tons tons tons tons Pounds
1920 3,822 906 32 4,696 88
1921 2,876 697 28 3,54k 65
1922 3,522 1,259 25 4,756 86
1923 3,789 1,383 23 5,149 92
1924 3,723 1,523 32 5,21k 91
1925 3,962 1,664 38 5,588 97
1926 4,395 1,731 3 ,092 10k
1927 L,313 1,676 32 5,957 100
1928 k,s11 1,755 33 6,232 103
1929 k,863 1,881 Sk 6,690 110
1930 4,630 1,830 48 6,412 104
1931 L, ko9 1,59 53 5,952 96
1932 3,760 1,82 L8 5,194 83
1933 k,276¢ 1,942 19 6,139 98
1934 b, 436 1,806 13 6,099 97
1935 4,926 1,933 172 6,687 105
1936 5,695 2,278 193 1,779 121
1937 6,573 2,395 323 8,6k45 13k
1938 5,934 1,710 140 7,503 116
1939 6,993 2,026 1o ,880 136
1940 8,960 1,225 L81 9,703 147
1941 10,375 1,158 329 11,205 168
1942 10,783 1,237 378 11,6k2 173
1943 9,680 1,306 301 10,685 156
194k 10,108 1,072 218 10,962 158
1945 10,167 1,754 135 11,786 168
1946 10,607 1,805 39 12,373 175
1947 11,946 2,322 130 14,138 196
1948 12,872 2,176 ) 14,955 20h
1949 12,207 1,763 122 13,848 186
1950 14,849 2,385 96 17,138 225
1951 16,524 2,361 202 18,683 241
1952 16,473 1,937 212 18,198 231
1953 17,537 2,158 162 19,533 a2k
1954 18,2 2,051 by2 19,865 2uh
1955 20,740 2,21k 631 22,323 269
1956 22,131 2,332 525 23,938 283
1997 21,800 2,101 622 23,278 271
1958 21,796 2,105 515 23,385 267
1959 24,383 2,431 653 26,162 294
1960 25,316 2,389 1,12 26,563 294
1961 26,523 2,67 1,178 27,812 303
1962 27,908 2,789 1,186 29,511 316
1963 2 30,12 2,715 1,k22 31,h74 322
196k 2] 32,k29 2,942 1s80 _|.. 33,791 352

é//nntl may not add to total because of rounding.
Preliminary.

NOTE: Total wood pulp production data prior to 1940 contains wood pulp
not shown separately by type.

Sources: United States Pulp Producers Associstion, Inc., Wood Pulp

Statistics (New York:
1965, Annual).

U.8. Department of Commerce,
Current Industrial Reports: MP Paper, and Boar
U.S. Department of Commerce, Busineas and Defense
Quarterly Industry Report: FPulp, taper, anc TDU2T

Paper, and Board.

erly Industry Report: Pul
Agriculture, Porest Service.

United States Pulp Producers Association, Inc.,
Bureau of the Census,

d Series M?6A (Annual).
rvices Administration
U.S. Department of
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Table 2.--Dissolving and special alpha pulp;/gproduction, imports, exports, and
consumption in the United States, 1935—6hg/
v.S. L/ s/ Apparent Per capita
Year production Imports Exports= consumption consumpt inn
Thousand Thousand Thousand Thousand o
tons tons tons tons Pounds
1335 190 - .- -- -
1936 308 - -- - -
1937 354 92 -~ --
1938 228 65 - - »
1939 6 193 88 u8 233 L
1940 55327 1k 115 326 5
1941 5/261 121 34 348 5
1942 ob 134 29 509 8
1943 5/390 129 23 L7 7
1944 ~ L7 133 11 569 8
1905 &/383 146 13 516 7
1946 =317 202 8 510 7
1947 4ot 2L9 1 645 J
1948 k20 235 18 637 9
1349 374 154 25 503 7
1950 79 239 28 690 ;
1951 616 231 31 816 11
1952 T06 223 6s 863 11
1953 6117 256 69 a6L 11
1954 760 230 153 838 10
1955 983 223 194 1,013 12
1956 W1 193 197 937 i1
1957 1,011 138 250 899 16
1958 929 141 223 847 10
1959 1,100 186 287 999 1
1960 1,138 232 Lo8 962 i
1961 1,195 196 L35 956 1.
1362 1,267 275 480 1,062 11
19637 1,371 261 524 1,109 12
19641/ 1,457 274 581 1,150 Lo

l‘/Inc].udes a number of highly purified grades of wood pulp obtuined frem *°-

sulfite and sulfute pulping processes.

:",Dilt'x m.y
‘Includes
= . Includes
2/ Includes

3

not add to total because of rounding.

sulfate dissolving pulp for the years 1950-6k.
sulfate dissolving pulp for the years 1955-6k,
sulfate dissolving pulp for the years 1952-6L.

Y ype dutn estimuted from Census combined data by the United States Pul:

Producers Association. Inc.
Z/Preliminary.

Sources: See source note tauble one.
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Table 3.--Sulfite pulp ‘&r Ecdea) production, %l‘tl. exports, and
consumption in the United States, 1920-

U.S. L Apparent Per capita
Year productio: 2 Import-y Bxportrj consumption consumption
Thousand Thousand Thousand Thousand
tons tons tons tons Pounds

1920 1,586 473 -- -- -~
1921 1,142 328 - -- --
1922 1,374 712 18 2,068 38
1923 1,k 798 16 2,193 39
192k 1,337 93k 23 2,2u8 39
1925 1,403 970 25 2,348 ‘ L
1926 1,558 1,035 23 2,569 Ly
1927 1,553 1,036 27 2,562 L3 -
1928 1,559 1,062 25 2,59 L3
1929 1,689 1,160 by 2,805 L6
1930 1,567 1,106 35 2,638 43
1931 1,418 963 50 2,331 36
1932 1,146 917 L6 2,017 32
1933 1,328 . 1,169 7 2,419 39
1934 1,4u6 1,074 139 2,380 38
1935 1,390 1,122 166 2,346 37
1936 1,51h 1,299 188 2,626 41
1937 1,787 1,340 313 2,81k Ly
1938 1,378 959 124 2,22 3k
1939 1,753 1,047 6k 2,736 be
1940 2,281 612 175 2,719 41
1941 2,658 632 157 3,133 Wy
1942 2,527 700 177 3,050 45
1943 2,046 751 135 2,662 39
1944 1,939 588 85 2,uh2 35
19L45 1,977 900 Lk 2,833 Ly
1946 2,160 841 2k 2,977 Lz
1947 2,389 1,020 97 3,311 Lé
1948 2,392 998 67 3,322 Ls
1949 2,162 T2 59 2,827 3
1950 2,370 330 51 3,249 by
1951 2,525 906 87 3,344 L3
1952 2,365 708 58 3,015 38
195k 2,363 628 109 2,902 3¢
1955 2,555 730 18 3,167 33
1956 2,686 797 90 3,394 5o
1957 2,575 666 113 3,128 3¢
1958 2,381 631 66 2,946 3k
1959 2,479 633 81 3,031 3k
1960 2,578 631 146 3,063 3k
1961 2,57k 650 150 3,07h4 3k
1962 2,565 678 202 3,040 33
1963_, 2,689 636 248 3,077 32
196042/ 2,685 699 272 312 3

%?Data may not add to total because of rounding.
Includes dissolving and special alpha pulps for some years prior te L%

/Includes dissolving and special alpha pulps for some years prior tu ' ¥

</, Includes dissolving and special alpha pulps for some yecars prior teo .

é’Preliminary.

Sources: See source note table one.
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Table 4,--Sulfate pul] T es) production rts, exports, and
consumption in the United States, 1220-51

U.S. b Apparent Per capita
Year productiony Importay Exporth consumption consumption
Thousand Thousand Thougsand Thougand
tons tons tons tons Pound:

1920 189 200 -- 389 7
1921 138 178 -- 316 6
1922 ahh 330 -- s7h 17
1923 312 279 -- 591 1.
1924 303 342 - 645 L
1925 410 362 -- 772 13
1926 520 393 -- 913 16
1927 603 394 -- 997 17
1928 774 Lk3 -- 1,218 2%
1929 911 Lh7 -- 1,358 2o
1930 950 ha2 - 1,372 an
1931 1,033 u19 -- 1,k53 23
1932 1,029 374 -- 1,403 22
1933 1,259 558 -- 1,818 29
193k 1,246 536 -- 1,782 28
1935 1,468 611 -- 2,079 2
1936 1,795 738 -- 2,533 Lo
1937 2,139 734 -- 2,873 5
1938 2,4k3 516 -- 2,961 iy
1939 2,%3 654 -- 3,602 55
1940 3,748 308 177 3,879 29
1941 4,527 176 129 4,573 69
1942 4,738 150 168 4,720 70
1943 4,236 152 137 4,251 62
1944 4,549 146 112 4,582 6
1945 4,472 hs2 66 4,858 69
1946 4,588 L78 5 5,060 72
1947 5,357 709 20 6,046 8L
1948 6,014 61kL 7 6,621 90
1949 5,977 640 37 6,581 88
1950 7,501 891 14 8,375 110
1951 8,572 857 81 9,348 121
1952 8,569 727 87 9,203 117
1953 9,445 883 Le 10,285 126
1954 9,812 907 174 10,5k5 320
1955 11,289 95k 310 11,933 1hi
1956 12,131 1,01k 231 12,91k 154
1957 11,935 1,017 255 12,697 L
1958 12,316 1,094 2z22 13,189 151
1959 13,829 1,347 281 14,895 14
1960 14,590 1,221 s58h 15,227 15+
1961 15,422 1,271 587 16,106 17
1962 16,301 1,b7h 500 17,275 IRY
19635; 17,941 1,502 - 6l 18,800 157
1964 = 20,006 1,584 725 20,865 217

%4Data may not add to total becausc of rounding.

Z'Includes sulfate dissolving pulp prior to 19%50.
.,Includes sulfate dissolving pulp prior to 1955.
—/.Includes sulfate dissolving pulp prior to 1952.

2'Preliminary.

S

ources: See source note table one.
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Table 5.--goda pulp production, imports, exports, and consumption in the
nited States, 1520-64%

. U.S. - Apparent Per capita
Year i productiion Lmports Exportas conaswmption consumption
: Thousend Mouasend Thousand Thousand
toas tons tons tons Pounds
1520 L63 , - -- - --
1921 30M - - - -
1922 %20 1 b Ly 8
1623 Lis 3 3 L8 £
192k Ll -- [ 2 439 «
i
1925 w73 ' -- | 3 W70 4
1926 bg7 -- ! £ 495 8
w927 L7 -- 2 485 3
1928 LB -- 3 486 ¢
1929 | 521 -- 2 ' 513 9
1939 : W7k 2 2 Th i 8
1935 | 37k 3 1 376 : 6
932 I o0 2 | 1 291 ‘ >
193 | 2368 b 1 31| :
193k ! -/35h ! 2 361 ! 6
2/, [ 3 . | ,
1935 5/~18 ; 9 | e i hag i /
1936 79 ; 13 i 5 f e A 8
1937 500 10 T 8 510 ! 3
1538 395 9 | ) ke | 5
1939 Lyo | 5 3 h L7 ¢ 7
1540 532 | 11 } 10 533 | o
1541 LBo i 26 1 2 Ligh ‘ 7
1942 Le2 i 14 | 3 (Brard 1 7
1943 L1g E 20 , 5 L3k “
19h4 413 l 16 i u , 419 : £
19y 30 f 21 i 3 ’ Ry ! 6
1945 L7¢ ’; 20 ! - 496 | 7
ekt Ly? | 3l } 1 ‘ 512 i -
19t 30 ‘ 2y 1 i 530 : ;
1y LR i 2" | - ' 519 % ’
I :
195¢ 522 ! 3 ? - § 550 f /
199L uhg 1 33 ; 1 ! L79 1 “
1952 w5 25 ! -- i 453 , o
TERN La2g } 36 - , LG .,
195k b0 | ¥ Yo i LES :
: : : | .
1655 ¢ bl ! il ' %4 4 | 477 i o
1956 | Wy | ha Za 519 | N
1557 | hae i 37 =) s \ 5
1958 ! heg 27 Za 155 ] 5
1955 hel | 28 EA 507 ! ’
el t
1560 420 | 3z A 50 ; 5
161 ! 436 j 21 5 2 ) he3 ; 5
1902 | Loy i 25 :/ 1 ! bhy | 5
1903, | 390 l o7 A Y | 3
19642 | 350 1 28 | 2/ 178 Z W
% { et

h
“ Pata may not add to total bascuse of rounding.
Type dati for thoe yesrs 1932-% und 1954-cl estimuted frem Census -

bined data by the inited Statas ¥Fulp Producers Association, Ine.

hSH

7

é’Preliminary.

Sources: e- source note table cue.
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Table ©6,--Groundwood pulp production orts, and consumption in
the United States, 1220-2;5

UeSs Apparent Per capita
Year productionaj Imports : consumption—/ consumption
Thousand Thousand Thousand
Lung tons tons Pounds

IV L,k 233 ’ 1,817 3
190 1,200 191 1,450 27
1922 1,48k 216 1,700 31
1923 1,566 300 1,868 33
mah 1,643 2k6 i 1,889 33
1925 1,612 331 ‘ 1,943 3
1908 1,764 304 2,068 35
17| 1,610 2k ‘ 1,856 31
194 1,611 2kg ! 1,860 31
192 | 1,638 273 ! 1,911 31
van 1,560 299 | 1,859 30
1331 i 1,449 211 : 1,660 27
1932 1,203 168 1,392 22
1933 1,198 210 1,408 a2
1934 1,297 189 1,486 24
1935 1,356 190 l 1,546 2l
1936 1,476 228 1,703 27
1937 1,601 218 | 1,819 28
1938 1,333 159 | 1,92 23
1939 1,445 228 i 1,673 26
1940 | 1,633 171 1,80k 27
1941 1,386 198 ‘ 2,084 31
1He 1,870 220 i 2,090 31
1943 1,767 236 i 2,003 29
1| 1,769 77 1,946 28
1945 { 1,827 223 % 2,049 29
13k6 1,951 250 ! 2,202 31
L7 | 2,050 309 2,359 33
19k | 2,175 291 2,466 3L
ks 1,960 209 2,169 29
1457 | 2,216 261 2,496 13
1951 | 2,474 318 2,792 36
Libe | 2,321 2u2 2,563 33
1))¢ ; 2,343 259 2,602 32
el 2,485 237 2,722 33
1455 | 2,729 254 2,983 3¢
Lyve 3,0k1 271 3,312 39
st 3,089 228 3,317 39
1356 2,590 199 3,089 35
1999 3,230 229 3,458 39
1960 3,262 262 3,554 33
1961 3,208 310 3,518 38
196z | 3,397 328 3,726 Lo
] ()J_) 3 ) 3 y b'68 339 3 3 807 h(}
Lﬂﬂni'i 3,596 348 3,54k L1

|
S imt . may not add to total because of rounding.

» In~iudes exploded wood pulp for the years 197 £k,
“ Preliminary.
NOTS: Exjorts of groundwood pulp included with ex.

.r exnleded pulp shown in table 8.

Lourves;

3ee source note tuble one.

rto.

et


jour.es
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Table 7.--Semichemical pulp production and consumption
in the United States, 1929-6l

Year U.S. Apparent Per capita
production consumption consumption
Thougand ‘Thousand
tons tons Pounds
1929 ho ko 1
1930 3C 30 1
1931 a7 87 1
1932 67 67 1
1933 X 10 70 1
193k L 57 57 1
1935 L/ 67 67 1
1936 Y9 79 1
1937 133 133 2
1938 119 119 2
1939 152 152 2
1940 Y 165 165 3
1941 L/ 200 200 3
1942 Y 20 210 3
1943 1/ 231 231 3
194k Y 285 285 L
1945 1/ 295 295 L
1946 1/ 320 320 5
1947 Ly Ly 6
1948 478 478 7
1949 506 506 7
1950 686 6836 9
1951 803 803 10
1952 829 &29 11
1953 1,029 1,029 13
195k 1,198 1,198 15
1955 1,408 1,408 17
1956 1,547 1,547 18
1957 1,583 1,583 18
1958 1,622 1,622 19
1959 1,92k 1,924 22
1960 1,991 1,991 22
1961 2,352 2,352 26
1962 2,543 2,543 27
1963 2,629 2,629 28
1964 &/ 2,712 2.712 28

1/

=/ Type data for the years 1933-36 and 19LO-U46 estimated
from Census combined data by the United States Pulp Pro-
ducers Association, Inc.

g/Preliminary.

NOTE: Imports and exports of semichemical pulp are
included with imports and exports of defibrated or exploded
pulp shown in table 8.

Sources: See source note table one.
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rable B.--Defibrated or exploded pulp (includes ascreenl

Mm%j.m:
1

imports, exports, and consumption in the United States, 1940~

. U.s. /) L3 Apparent Per capita
Yoo production Tuzpous o~/ Exports? Y consumption consumption
Thousand Thousand Thousand Thousand
tons tons tons tonsg Pounds

1940 27h 8 L 278 b
1941 363 15 7 371 6
1542 573 1k 1 586 9
1943 591 17 1 607 9
19Uk 706 12 -- 718 10
1945 793 12 2 793 1l
1946 795 15 1 609 n
1947 804 1k 2 819 11
1948 285 13 1 896 12
1949 735 9 i T3 10
1950 1,075 i9 3 1,083 I
1951 1,064 15 2 1,101 1l
1952 1,258 8 1 1,265 16
1953 1,293 11 2 1,303 15
1954 1,189 11 L 1,196 15
1955 1,245 12 i i,3b2 16
1956 1,306 15 6 1,316 16
1957 1,180 15 3 1,191 1k
1958 1,228 13 L 1,237 1h
1959 1,3h0 10 3 1,347 15
1960 1,307 { 12 3 1,316 15
1961 1,335 i? 4 1,343 15
1962 1,531 G | 3 1,416 15
1%32/ l9632 K | 5 11636 17
196k 1,621 9 1 1,629 17

1/
=/ Data mey not 1dd to total becuuse of rounding.
£ Includes chemical and mechanicar screenings.

!’ -

Includes screenings and miscellancous wood pulp.

¥ N . R
= mype data for the yeard 195660 estimened from Census corabined datu hy the

United States Pulp Producers Asscciatiocn, Inc.
py
Z preliminary.

Sources: See sow'?”e note table one.
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Table' 9 ,--Apparent consumption of wood pulp in the United States by type, 1920-61&3'/
(Thousand tonaz)

2] !

fear Z moIﬁt;ilp D‘.ssolv-inv,f-‘/ ; Sulfite | Sulfate | Soda | Groundwood | Semichemical E:rébx;;';gg
B T T

1y i L oo -- ' - 389 - 1,817 == T
wer i 3, %0 -- -- 316 —- 1,450 - --
1920 b, 756 -- 2,00 siboLL1y 1,700 -- --
1703 ! 5,149 -- 2,193 591 LL§ 1,804 -- --
192h l 5,214 -- . »,2k8 oh5 439 1,689 - --
1905 5,58 -- 2,348 T2 | w0 1,943 - -
Y | 1,092 -- . 2,569 913 495 2,068 - -
var | 5,057 -- 2,500 gyt L, 1,856 .- : -
| ETI Foa -- CE, 5 1,005 Ly 1,460 -- : -
oy 6,000 .. oreoy 1,359 511 1, 511 o ; -
e AT - R Lare |ou 1,659 | 10 * .-
sl 5,050 -- o, 331 1,473 3o 1,669 37 : --
1332 ) © 10k -- 2,017 1,403 291 1,392 67 . --
1523 | i,139 -- 2,19 1,818 | 391 | 1,L08 70 --
1936 ‘ 6,097 ! -- © 2,380 1,782 I 361 1,486 57 --
1935 €,581 -- A1 9 2,079 Lo 1,546 a7 --
w1779 -~ 2626 2,533 | k87 1,703 79 --
1937 1, 6hs -- . &.814 2,873 | 510 1,819 133 --
193 7,503 -- - K 2,961 Loz 1,492 119 --
1939 1, H60 33 Coe,T36 ‘ 3,602 Wl 1,673 152 --
1940 9,703 |- 326 ooy T 3,81 533 1,400 16 R{Q
1Ll 11,205 348 3,133 k,573 kgL 2,08, 200 371
1942 11,642 509 I 3,050 b,720 | L77 2,09 @l 536
1943 192,685 Ly7 | 2,662 4,251 L3k 2,003 | 231 6a7T
13h4Y 10,962 569 - Y- i, 582 L19 1,94 285 718
1945 11,78€ 516 2,533 . h,853 Lyl 2,0k 295 793
1 L€ 12,373 510 2,917 5,060 %96 2,202 320 809
1k 1,136 (2% 3,311 6,0L6 512 2,359 Ly 819
1l 14,955 637 3,322 6,621 | ©53b 2,66 478 896
1949 13,8L5 503 2,827 . 6,581 519 2,169 506 743
1950 17,138 690 3,249 8,378 55C 2,496 036 1,083
1951 | 18,683 816 3,3bh 9,348 | k79 2,792 803 1,101
1952 ! o, 1w Be3 3,015 9,208 L53 2,563 By 1,265
1953 | 19,533 86l 2,987 10,285 | Lok 2,602 1,029 1,303
15k | 19,365 638 2,902 10,545 LE6 2,722 1,198 1,166
L3959 22,32; 1,013 3,167 11,933 by 2,003 1,0 1, 3l
1956 l 23,730 937 3, 3% 12,914 516 3,312 1,547 1,316
1357 ' 23,27 599 3,126 12,697 Lok 3,317 1,553 1,131
1954 23,3¢5 | aly 2,946 13,189 L55 3,089 1,62 1,237
1559 | o6, 162 | 99 3,031 14,895 507 3,450 1, 0k 1,347
o b, uid ! o 3,063 15,227 Lo 3,99k 1,791 1,31t
THEL T 22| 956 3,07h 16,106 | 403 1,51 2,352 1,343
1662 . 29,711 1,062 3,0L0 17,275  Lbo 3,720 2,93 1,416
193, 31,57k 1,109 3,077 18,600 | L17 3,607 2,629 1,630
e ATZ B L) 1,157 1,11z 20,805 7 Ry 2. Lo

]

I PBata mey notoadd to tehed bense uf rounding.
o i1l djn gl
vt s, oand mechand el socreenings.

Tnlub
[4 -
2 Intiude:z

— Praliminory.

temes o Total S pulp cenoumptdon date prior to 150 onn ins weeed {ulp nt o showa Leporstedls o

e g Seoo,eree pobe tad e onee
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Table 10 .--Apparent per caplta consumption of wood pulp by type in the United States, 1220-6“2/

{ Pounds)
Total ol : Defibrated
Year | 4 sulp Dissolvine? | Sulfite | Sulfate | Soda | Groundwood | Semichemical | . exploded}/
1920 83 - .- 7 - W - -
1921 65 -- -- 6 - 27 - -
1IN ST I T I T B
1 - - -
197k 9 -- 39 u 8 33 - -
19 1 - g - -
1927 100 - L3 17 8 3 -- --
1928 103 - i Lz 20 8 3l - -
1929 11 -~ ! bé @2 9 N 1 -
1630 10l - b3 22 2 30 i3 -
1931 96 ~-- 33 23 27 1 --
1933 - 9 1 --
193k 7 | -- 38 28 6 ! 2h 1 i --
1932 105 - 37 33 g ' .;z; i i -
19 12 - 1 ) -
1933 134 .- ht tz 2 gg ; -
193 ne -- 3 -
1939 136 b b2 55 7 2 2 --
1940 147 5 41 59 A | 27 3 b
10L1 163 5 L7 €9 7 3L 3 6
1942 73, 8 L5 70 7 31 3 ! 9
1943 156 7 39 62 6 29 3 9
194 153 i 8 35 66 6 28 L 10
1945 18| 7 41 69 6 | 4 n
1946 1'{2 7 1':2 5735 7 3 2 11
1967 15 9 K4 33 n
1948 204 9 45 90 7 I 7 12
1949 186 N 38 88 7 l 29 7 10
1950 225 9 ‘ L3 110 7o 33 9 14
1951 2k, 11 : L3 121 ‘ 6 36 10 1k
1952 231 11 ! 38 nr 6 33 1n 16
1953 2L 11 | 37 128 6 32 13 : 16
195k 2l 10 | 36 129 ! 6 13 15 | 15
1955 | au 1e i 381 a6 36 17 | 16
1956 2433 1 | ko 153 6 ‘ 39 18 ! 16
1957 272 10 36 148 5 | 33 18 | 1
1958 | 267 10 b3 151 5.1 3 19 i 1k
1959 | @k 1 { 3k 168 1 6 39 22 ; 1
1960 | 29k 1n 3 %9 5 3y 2z ' 15
1961 | 303 10 3k 175 5 38 26 i5
1562 ] 16 11 33 145 5 | Lo 7 | 15
1963 432 le | 32 199 L 40 28 ! 17
19&«5{ 352 12 J 32 a1 b L1 28 ll 17

sfrol

‘A

=1

= Preliminary.

NOTE: Total wood pulp consumption iate prior to 1940 contains wood rulp

tvpe.

Sources:
op. ctt.; U.5. Department of Commerce, Bur

Paper and Boerd;

op. cit

‘Dute may not add tc total vecsuse of rounding.
Includes speciul aljha pulps,
» Includes chemical and mechanical screenings.

Derived from date published by the United Statea Pulp Producers Association, Inc.,
eau of the Census, Current Industrial Reporte:

Pulp.

and U.S. Department of Commerce, Business and Defense Services Admirnistration,

not shown separately by
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APPENDIX F

BASIC STATISTICS ON THE USE OF FIBROUS
MATERIAL (INCLUDING WOOD PULP BY TYPE) IN THE

.MANUFACTURE OF THE MAJOR GRADES OF PAPER AND BOARD

Note: Includes graohs showing historical trends in the use of fibrous
materials and wood pulp per ton of paper and board manufictured

with extrapolations to 1985.
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Table }.--Fibrous materials consumed in the mopufacture of paper and board in the United States,

F
by type of material, specified years 1919—1961&1"

1
i . . i " Consumption of fibrous materials per
Yeor l Consumi.tion of fikrous materlals ton of paper and board produced
Totnl Wood pulp | Waste paper Other Total | Wood pulp | Waste paper ! Other
Thousand Thousand Thousand Thousand
tons tons tons tons Tons Tons Tons Tons
1919 6,672 L,000 1,854 748 1.110 0,674 0,311 0.125
1929 1 11,575 6,249 R Y 1,443 1.03G .5A5 .35 -129
135 | 10,999 A 3,587 %9 1.050 615 a2 .092
1939 16,177 2,530 L, 366 1,161 1.049 .6LO .323 .0%6
19k0 15,493 9,142 4,668 ‘ 1,0k 1.070 TS .02 .072
1943 1%, 854 11,35k 6,075 1,h°9 1.062 L6LO L3422 .080
1942 17,858 11,034 5,495 1,325 1.065 e L322 .078
1943 18,199 10,639 4,368 1,196 1.068 .coh 374 .Q70
1oLy 18,767 10,500 6.859 1,385 1.091 ALY .399 .081
1945 18,969 10,805 6,800 1L, 3bk 1.092 73 .391 77
1946 20,752 12,092 7,275 1,382 1.077 €07 .278 o
1947 2,788 13,253 5,009 1,52¢ 1.079 628 .379 .
we8  |o23u11 | 1b,375 7,585 | Lbs2 | 1.009 657 6 50
1949 21,L51 13,636 B0 ; 1,215 1.056 Niye! .325 .06
1950 | 25,904 14,509 7,956 1,439 1.062 | OT7 .326 .059
19510 | 28,265 17,737 9,071 1,57 i 1,085 681 . 348 .056
1952 26,378 17,286 7,881 1,211 1.0R0 .70 .323 L0350
1953 _ 28,69 18,684 8,531 1,255 1.072 L70% .321 .ob7
1954 28,0h5 18,98y 7,857 1,200 1.044 .707 .292 .Ols
1955 31,835 21,45k 9,041 1,3ko } 1.056 .11 .300 .0ho
1956 33,386 22,998 8,836 1.551 : 1.052 136 .282 .00
1957 32,058 | 22,i59 8,493 1,105 | vobsl 732 217 .03
1958 32,157 22,bR3 8,671 ' 1,003 | 1.043 i .79 .281 .033
1956 35.5h9 | 75,199 9,1k 975 ©7 1.0ks | 7hn 217 008
i | :

1960 35,703 {25,700 9,03 i 1 7 1.036 i LThE .62 .024
1961 16,595 | 6,683 5018 | 8o | 1.025 o 1253 0w
1962 38,63 1 0R,550 0,075 ’ 963 | L.029 ‘ (O .22 .025
1963 5 41,117 30,220 3,613 1,285 ¢ L.0L& L7770 .245 .033
196k = L2, 478 [ 32.931 | 2,493 | 9sh ) 1,018 LA 7A7 .027 .03

%xData may not ndd tc totuls becuuse of rounding.

= Preliminery.

Sources: 199-62, United Stutes Pulp Producers Assocletion, Inc., Wood Pulp Statistics { New

York:

United States Pulp Producers Asscciation, Inc., 1965, Annual).

of Commerce, Bureau of the Census, Current Industrial Reports:

MPOA (Annuo.l)., and U.5.

1963-AL, U,S. Department

Pulp, ruper and Board, Series

Department of Agriculture, Forezt Service.
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Table 3.--Fibrous materials consumed in the manufacture of paper and board
in the United States, by type of material, specified years, 1223-63l/

Type of material 19h3-h4§/ 1947 1954 1958 1963
CONSUMPTION OF FIBROUS MATERIALS--THOUSAND TONS
Wood pulp:
Sulfite 2,594 3,229 3,092 3,214 3.139
Sulfate 4,528 5,860 | 10,429 | 13,120 | 18,700
Groundwood 1,746 2,361 2,710 3,233 3,590
Semichemical - -- 1,138 1,194 2,681
Other 1,572 1,835 1,619 1,772 2,109
Total 10,440 13,285 | 18,989 | 22,533 | 30,220
=—__—'_—"_ﬂ====— =F:f :
Other fibrous materials: '
Waste paper 6,590 8,009 7.857 8,666 9,551
Other 1,448 1,493 1,200 1,142 1,285
Total 8,038 9,502 9,056 9,808 | 10,836
rﬁ-—’: e —— e e —
Total 18,478 22,788 | 28,045 | 32,342 | 41,056
PRODUCTION OF PAPER AND BOARD--THOUSAND TONS
Total 17,327 21,11k | 26,876 | 30,707 | 39,231
CONSUMPTION OF FIEROUS MATERIALS PER TON OF
PAPER AND BOARD PRODUCED--TORS
Wood pulp: o
Sulfite 0.15 0.15 0.12 0.10 0.08
Sulfate .26 .28 .39 b3 L8
Groundwood .10 .11 .10 .11 .08
Semichemical -- -- .ok Lol .07
Other .09 .09 .06 .Ch .05
Total .60 .€3 .71 .73 17
Other fibrous materials:
Waste paper .38 .38 .29 .28 .2oh
Other .08 .07 L0l NolN .03
Total 46 N .34 .32 .28
— —_——— —
Total 1.07 1.08 1.04 1.05 1.05

%fData may not add to totals because of rounding.
October 1, 1943 to September 30, 19ulL.

Sources: l9b3-hh, wWar Production Board. Forest Products iureau. Memo-
rendum No. WPBI-2622 (Washington: unpublished, 194kL). 1947, 1954, and
1958, U.S. Department of Commerce, Bureau of the Census, Census of Manufac-
tures: 1947: 1954: 1958 MC-26 A (Washington: U.S. Government Priniing
Office). 1963, U.S. Department of Commerce, Bureau of the Census, Current
Industrial Reports: Pulp, Paper and Board, 1963.




- 286 -

Teble L .--Fibrous materials consumed in the manufacture of r in the
United States, by type of material, specified years, 1943-63%
2/
Type of material 194 3-blu= 1947 1954 1958 1963
CONSUMPTION OF FIBROUS MATERIALS--THOUSAND TONS
Wood pulp:
Sulfite 2,362 2,988 2,815 2,976 -
Sulfate 2,304 3,299 5,284 6,280 --
Groundvood 1,414 1,734 2,090 2,661 2,935
Semichemical .- -- 123 165 --
Other 620 875 878 176 --
Total 6,699 8,856 | 11,189 | 12,857 --
Other fibrous materials:
Waste paper . 1,158 1,627 1,584 1,985 2,191
Other 664 719 495 513 .
Total 1,822 2,346 2,078 2,498 .-
Total 8,522 11,201 | 13,267 | 15,355 | 19, L26
PRODUCTION OF PAPER - -THOUSAND TONS
Total E 8,421 10,705 | 13,077 ll 14,963 | 18,752
CONSUMPTION OF FIBROUS MATERIALS PER
TON OF PAPER PRODUCED--TONS
Wood pulp: !
Sulfite 0.28 0.28 0.22 0.20 --
Sulfate .27 .30 ko 42 -~
Groundwvood 17 .16 .16 .18 0.16
Semichemical -- -- .01 .01 -
Other .07 .08 .07 .05 -
Total .80 .83 .86 .86 --
Other fibrous materials:
Waste paper .14 .15 .12 .13 12
Other .08 .07 .Ol .03 --
Total .22 .22 .16 .17 --
Total 1.01 1.05 1.01 1.03 1.0k

|

%;Data may not add to totals because of rounding.
Z/0ctober 1, 1943 to September 30, 194k.

Sources:

See source note table three.
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Table 5.--Fibrous materials consumed in the manufacture of newsprint in

the United States, by type of material, specified years, 1943-63+

1958

Type of material 1943- 1947 1954 1963
CONSUMPTION OF FIBROUS MATERIALS--THOUSAND TONS
Wood pulp:
Sulfite 96 -- 130 243 --
Sulfate 10 -- 111 208 --
Groundwood 660 - 1,054 1,461 1,564
Semichemical -- - -- 5 --
Other - - - -
Total 765 -- 1,295 1,018 --
===='=======F=—=#====
Other fibrous materials:
Waste paper 1 -- - -- 31
Other - - -- - -
Total 1 - 6 8 -
Total 767 - 1,301 1,925 2,252
PRODUCTION OF NEWSPRINT--THOUSAND TONS
Total 731 833 1,202 1,731 2,213
CONSUMPTION OF FIBROUS MATERIALS PER TON
OF NEWSPRINT PRODUCED--TONS
Wood pulp:
Sulfite 0.13 -- 0.11 0.1h --
Sulfate .01 -- .09 .12 --
GroundWOOd . % = . 88 . Bh o . 71
Semichemical - -- - -—-
Other == -= - {. Q/ -
Total

Other fibrous materials:

Waste paper 3/ -- - -- -

~ Other - - -- - -
Total 3/ -- 3/ 3/ .01

Total 1.05 - 1.08 1.11 1.02

%;nata may not add to totals because of rounding.
Z/0ctober 1, 1943 to September 30, 194k.

/
§'Less than 0.005 ton.

Sources:

See source note table three.
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Table 6 .--Fibrous materials consumed in the manufacture of groundwood

in the United States, by type of material, specified years, 19&3-63l

Other fibrous materials:
Waste paper

Other
Total

Total

Type of material 1943 2 1947 1954 1958 1963
CONSUMPTION OF FIBROUS MATERIALS--THOUSAND TONS
Wood pulp:
Sulfite 177 -- 209 187 176
Sulfate 1 - 52 62 -
Groundwood 375 -- 501 559 636
Semichemical -- -- -- 15 --
Other 1 -- -- -- .-
Total 553 -- 763 823 --
Other fibrous materials:
Waste paper b1 -- 37 47 Ly
Other 2 -- - -- --
Total Lb -- 37 b7 --
Total 597 -- 800 870 966
PRODUCTION OF GROUNDWOOD PAPER--THOUSAND TONS
Total 607 821 788 806 956
CONSUMPTION OF FIBROUS MATERIALS PER TON
OF GROUNDWOOD PAPER PRODUCED--TONS
Wood pulp:
Sulfite 0.29 - 0.27 0.23 0.18
Sulfate %é -- .07 .08 --
Groundwood -- .6h .69 .67
Semichemical -- -- -- .02 --
Other 3/ -- -- -- -
Total

g} -- .05 .06 .05
.07 -- .05 .06 --
-% - 1002 l-w 1-01

_%-;Data may not add to totals because of rounding.
ctober 1, 1943 to September 30, 194k,

3/1ess than 0.005 ton.
See source note table three,

Sources:
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er ;g

Table 7.--Fibrous materials consumed in the manufacture of book
the United States, by type of material, specified years, 19&3-6317

Type of material . 1943442/ | 1947 | 1954 | 1958 | 1963
CONSUMPTION OF FIBROUS MATERIALS--THOUSAND TONS
Wood pulp:
Sulfite 382 -- 678 T22 587
Sulfate 212 -- 837 931 1,913
Groundwood 95 .- 268 336 L6L
Semichemical -- -- 57 "y 4 89
Other 281 == 309 319 ==
Total 970 -- 2,148 2,355 --
4}F=*
Other fibrous materials:
Waste paper 358 -- 419 481 L62
Other 2 == 18 29 --
Total 359 -- L37 510 --
Total 1,329 -- 2:585 2:865 3:780
PRODUCTION OF BOOK PAPER--THOUSAND TONS
Total 1,568 2,208 2,799 3,25 4,288
CONSUMPTION OF PIBROUS MATERIALS PER TON
OF BOOK PAPER PRODUCED--TONS
Wood pulp:
Sulfite 0.24 -- 0.24 0.22 0.1k
Sulfate Ak -- .30 .29 45
Groundwood .06 -- .10 .10 11
Semichemical -- -- .02 .01 .02
Other .18 -- .11 .10 --
Total .62 -- 17 .73 --
Other fibrous materials:
Waste paper .22 -- .15 .15 .11
Other == 001 -01 --
Total .23 .16 .16
Total

l-/Data. may not add to totals because of rounding.

2
3 Less than 0.005 ton.
Sources:

ctober 1, 1943 to September 30, 194k,

See source note table three.
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Teble 8.--Fibrous materials consumed in the manufacture of fine paper

in the United States, by type of nnter:lal, sggciﬂed years, 121&;-63}-/

Type of material 1943-542/ | 1947 | 1954 1958 1963
CONSUMPTION OF FIBROUS MATERIALS--THOUSAND TONS
Wood pulp:
Sulfite 535 -- 549 597 561
Sulfate 129 -- 490 580 955
Groundwood 7 -- 3 6 11
Semichemical -- - 17 55 134
Other 89 -- 109 122 157
Total 759 -- 1,169 1,361 1,817
T — =
Other fibrous materials:
Waste paper 11 -- 60 103 101
Other 150 -- 125 133 196
Total 261 -- 186 236 297
Total 1,020 -- 1,355 1,597 2,114
PRODUCTION OF FINE PAPER--THOUSAND TONS
Total 71 1,023 1,172 1,285 1,556 2,104
consum':oil OF FIBROUS MATERIALS PER TON OF
FINE PAPER PRODUCED- -TONS
Wood pulp:
Sulfite 0.52 -- 0.43 0.38 0.27
Sulfate .13 -- .38 .37 L5
Groundwood .01 “- 3/ 3/ .01
Semichemical -- -- .01 Ok .06
Other - .09 - .08 .08 .07
Total Th -- .91 87 .86
-=:==£=-_—=t_—_—*—-—_-==—__—_——__——
Other fibrous materials:
Waste paper 11 -- .05 07 .05
Other .15 -- .10 .09 .09
Total .26 -- .14 .15 .1k
=&==w=
Total 1.00 -- 1.05 1.03 1.00

%;Data may not add to totals because of rounding.
£/0ctober 1, 1943 to September 30, 194k.
Less than 0.005 ton.

Sources: See source note table three.
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Table O.--Fibrous materials consumed in the menufacture of coarse and
industrial paper in the United States, l:ff._me of material,

specified yesrs, 1943-63%

Type of material 19&3-1;-57 19&717 1954 1958 1963
CONSUMPTION OF FIBROUS MATERIALS --TEOUSAND TONS
Wood pulp:
Sulfite 568 551 453 409 303
Sulfate 1,872 2,545 3,350 3,749 L,789
Groundwood 55 46 15 16 13
Semichemical -- -- 1 13 --
Other 62 59 T4 19 --
Total 2,557 3,201 3,903 L,267 5,212
Other fibrous materials:
Waste paper 139 176 -- .- 296
Other 64 35 -- -- 241
Total 204 211 177 31 537
Total 2,761 3,413 | 4,079 | 4,581 | 5,749
PRODUCTION OF COARSE AND INDUSTRIAL Pm--mwsm TONS
Total 2,637 3,193 3,962 4,285 5,162
CONSUMPTION OF FIBROUS MATERIALS PER TON
OF COARSE AND INDUSTRIAL PAPER PRODUCED--TONS
Wood pulp:
Sulfite 0.22 0.17 0.11 0.10 0.06
Sulfate .T1 .80 .85 87 .93
Groundwood .02 .01 W/ 4/ L/
Semichemical -- -- L/ L/ --
Other .02 .02 .02 .02 --
Total .97 1.00 .99 1.00 1.01
Other fibrous materials:
Waste paper .05 .06 -- -- .06
Other .02 .01 -- -- .05
Total .08 .07 .0l .07 .10
Total 1.05 1.07 1.03 1.07 1.11

%;Data mey not add to totals because of rounding.
= /October 1, 1943 to September 30, 194h.

g Excludes absorbent paper.

~/ Leas than 0.005 ton.

Sources: See source note table three.
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Table 10.--Fibrous materials consumed in the manufacture of sanitery and

tissue paper, by type of material, specified yesrs, 1043-63%/

Type of material 19h3-hh—2-/ 1947 1954 1958 1963
CONSUMPTION OF FIBROUS HATERIAIQ::?HOUSARD TONS
Wood pulp:
Sulfite 604 673 T80 813 1,112
Sulfate 78 132 Lu3 680 924
Groundwood 222 212 212 265 216
Semichemical - -- - -- -—
Other 2k T 17 1h 54
Total 929 1,024 1,452 1,713 --
;_-=#L

Other fibrous materials:
Waste paper 117 157 252 -- Lkés
Other 1 1 S -- -~
Total 118 157 257 299 --
Totel 1,047 1,182 1,709 2,072 2,909

PRODUCTION OF SANITARY AND TISSUE PAPEﬁ--THOUSAND TONS
Total 973 1,089 1,612 1,925 2,576
CONSUMPTION OF FIBROUS MATERIALS PER TON OF
SANITARY AND TISSUE PAPER PRODUCED--TONS
Wood pulp:

Sulfite 0.62 0.62 0.48 0.42 o.43
Sulfate .08 a2 .27 .35 .36
Groundwood .23 .19 .13 L1b .08
Semichemical .- -- -- -- --
Other .02 .01 .01 .01 .02
Total .95 .9k .90 .92 --

Other fibrous materials:
Waste paper .12 .1k .16 -- .18
Other }-/ 2/ 2/ - -
Total .12 L1k .16 .16 .-

w ——m e —4

Total 1.08 1.09 1.06 1.08 1.13

l/Data may not add to totals because of rounding.

3 Less than 0.005 ton.

Sources:

g-;October 1, 1943 to September 30, 194k.

See source note table three,
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Table 1l1.--Fibrous materials consumed in the manufacture of constructlon

paper in the United States, by type of material, specified years, 1)&3 6°

Type of material l9h3-hhg/ E 1947 195k 14558 LT
CONSUMPTION OF FIBROUS MATERIALS - -THOUSAND TONS
. -
Wood pulp:
Sulfite 2 1 15 L
Sulfate 2 6 1 70 --
Groundwood -- L6 37 16 32
Semichemical -- -- 38 30 --
Other 162 311 368 24l R
Total 166 365 458 361 517
Other fibrous materials:
Waste paper 391 616 684 780 EE
Other Lhs | L5y 295 303 | 386
Total 836 1,075 T 1,084 L,n7
Total 1,002 1,4k0 | 1,437 Ai_i huﬂﬁhT 1,655
PRODUCTION OF CONSTRUCTION PAPER --THOUSAND TONS
Total 882 1,289 1,428 ! 1,415 "j 1,497
CONSUMPTION OF FIBROUS MATERIALS PER TON OF
CONSTRUCTION PAPER PRODUCED - -TONS
Wood Pulp: 1 1
Sulfite 3/ 3/ 0.0 3/ |
Sulfate 3/ 3/ 3/ 0.05 -
Groundwood -- 0.0k .03 Lol
Semichemical - -- .03 L2
Other 0.18 2k 26 A7 )
Total 19 .28 32 & ’
Other fibrous materials: ! g
Waste paper b L8 RIS 59 .5
Other -50 .36 21 - .21 2
Total .95 .83 6) | T N
el il
Total 1.14 | 1.12 1.01 1.02 § cae

1

l/Data may not add to totals because of rounding.
/October 1, 1343 to September 30, 14k,

Less than 0.005 ton.

Sources:

See source note ta. le

three.
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Table 12.--Fibrous materials consumed in the manufacture of board in the

United States, by type of material, specified years, 1943-6 1/
Type of material 19&3-hug 1947 1954 1958 1963
CONSUMPTION OF FIBROUS MATERIALS --THOUSAND TONS
Wood pulp:

Sulfite 232 2kl 2718 239 -
Sulfate 2,223 2,601 5,146 6,840  --
Groundwood 333 628 621 572 654
Semichemical -- - 1,015 1,029 -
Other 952 960 42 997 --

Total 3,Thl 4,430 7,801 9,677 --

Other fibrous materials:

Waste paper 5,432 6,382 6,273 6,681 7,360
Other 783 174 705 629 --
Total 6,215 7,156 6,978 7,310 --
Total 9,956 | 11,586 | 14,779 | 16,987 | 21,630
PRODUCTION OF BOARD--THOUSAND TONS
Total 8,906 | 10,409 | 13,799 | 15,741 | 20,478
CONSUMPTION OF FIBROUS MATERIALS PER
TON OF BOARD PRODUCED--TONS
Wood pulp:
Sulfite 0.03 0.02 0.02 0.02 --
Sulfate .25 .25 .37 43 --
Groundwood .0k .06 .05 .ol 0.03
Semichemical -- -—- .07 07 --
Other .11 .09 .05 .06 --
Total

Other fibrous materials:
Waste paper
Other

Total

Total

.61
.07

.61
-09

A2
. Ol

45
.05

42 43 .57 .61 --

0 69

1.12 1.11

.51 L6

T .
08 6

1.07

ll

1.0

%;Dsta may not add to totals because of rounding.

October 1, 1943 to

Sources: See source

September 30, 194bL.
note table three.
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Table 13.--Fibrous materials consumed in the manufacture of container
board in the United States, by type of material, specified years, 19&3—63l

Type of material 10u3-427 | 1947 | 195 | 1958 | 1963
CONSUMPTION OF FIBROUS MATERIALS--THOUSAND TONS
Wood pulp:
Sulfite 5 4 8 17 34
Sulfate 1,929 2,236 h,078 5,160 7,085
Groundwood 90 51 31 3 39
Semichemical - -- 9Lh 789 1,996
Other 300 453 53 3b 88
Total 2,324 2,744 5,114 6,004 9,243
Other fibrous materials: 4r17
Waste paper 1,894 2,320 1,522 1,809 2,198
Other 519 L89 246 149 21

Total 2,412 2,809 1,768 1,958 2,219
PRODUCTION OF CONTAINER BOARD--THOUSAND TONS
Total 4,188 L,oub 6,488 7,441 | 10,425

CONSUMPTION OF FIBROUS MATERIALS PER TON
OF CONTAINER BOARD PRODUCED--TONS

Wood pulp:

Sulfite g/ 3/ g/ 3/ 3/
Sulfate 0.46 0.hs 0.63 0.69 0.68
Groundwood .02 .01 3/ 3/ 3/
Semichemical -- -- .15 .11 19
Other .07 .09 .01 3/ .01
Total .55 .56 .79 .81 .89
=$====T====—-===
Other fibrous materials:

Waste paper ks Yy .23 .24 .21

Other .12 10 N} .02
Total .58 .57 27 .26 .21
Total 1.13 1.12 1.06 1.07 1.10

%;Data may not add to totals because of rounding.
E/October 1, 1943 to September 30, 134k.
2/1,ess than 0.005 ton.

Sources: See source note tacle three,
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Table 14.--Fibrous materials consumed in the manufacture of bending board

in the United States, by type of material, specified years, 1943 63%/

Type of material 19“3-hhg/ 1947 1954 1958 1963
CONSUMPTION OF FIBROUS MATERIALS=--THOUSAND TONS
Wood pulp:
Sulfite 199 207 -- 200 124
Sulfate 204 301 -- 1,424 --
Groundvood 82 116 -- 68 65
Semichemical -- -- -~ 9 -
Other 27 25 -- 47 .-
Total 512 649 -- 1,748 --
Other fibrous materials:
Waste paper 1,765 2,317 -- 2,688 3,591
Other 8 12 -- N -
Total 1,773 2,329 -- 2,692 --
Total [ 2,285 [ 2,919 - | 4,4k -
PRODUCTION OF BENDING BOARD--THOUSAND TONS
Total 2,082 2,758 3,580 4,206 k,902
CONSUMPTION OF FIBROUS MATERIALS PER TON
OF BENDING BOARD PRODUCED--TONS
Wood pulp:
Sulfite 0.10 0.08 -- 0.05 0.03
Sulfate .10 .11 -- .34 --
Groundwood .0l .ol -- .02 .01
Semichemical -~ - -- 3/ --
Other .01 .01 - = .01 --
Total .25 .24 -- L2 --
Other fibrous materials:
Waste paper .85 .84 -- 6L 73
Other 3/ 3/ -- 3/ --
TOt&l 085 -8“ - - .6h -
Total 1.10 ijaé -- 1.06 --

%fbata may not add to totals because of rounding.
§/October 1, 1943 to September 30, 19Lk.

Less than 0.005 ton.

Sources:

See source note table three.
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Table 15.--Fibrous materials ‘consumed in the ménufacture of building board

in the United States, by type of materiel, gpecified years, 1943 63_[

Type of material 19&3-&&3/ 1947 195k 1958 1963
CONSUMPTION OF FIBROUS MATERIALS--THOUSAND TONS
Wood pulp:

Sulfite 6 -- -- -- --

Sulfate 2 - -- - .-

Groundwood 115 L4o2 74 LL3 530

Semichemical -- -- 55 56 246

Other 595 459 641 846 997
Total 1,808

Other fibrous materials:

117 861 1,170 1,345 ’

Waste paper 327 134 142 231 9
Other 200 218 403 459 267
Total 526 352 545 690 36k
Total 1,243 1,213 1,716 2,035 2,172
PRODUCTION OF BUILDING BOARD - -THOUSAND TONS
Total 1,136 T 1,072 1,473 1,682 2,098
CONSUMPTION OF FIBROUS MATERIALS PER TON
OF BUILDING BOARD PRODUCED --TONS

Wood pulp:

_ Sulfite 0.01 - -- -- --
Sulfate 3/ -- -- -- --
Groundwood .10 0.38 0.32 0.26 0425
Semichemical -- -- ol .03 .12
Other .52 43 Al .50 .48

Total 63 | .80 .19 .80 .86
__—=—___.:———;;=—fj7

Other fibrous materials:

Waste paper .29 .13 .10 .1b .05
Other .18 .20 .27 27 .13
Total 46 .33 .37 4 .17

Total 1.09 I 1.13 1.16 1.21 1.0

/Data may not add

S/october 1, 1943 to September 30, 1944 .

2/1e88 than 0.005 ton.

Sources:

See source note table three.

to totals because of rounding.
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Table 16. --Fibrous waterisls copsumed in the manufacture of other board

in the United States, by type of material, specified years, 19&3-@y

i

. — e e < .
Type of material l?kj—hhtr boo1gu ) 1954 1958 1963
[} i . _
CONSUMPTION OF FIBRCUS MATERIALS--THOUSAND TONS
1
Wood pulp: !
Sulfite 23 30 .- 21 --
Sulfate 88 63 -- 256 --
Groundwood u6 58 -- 58 --
Semichemical -- -- - - 175 --
Other 30 23 -- 70 --
Total 187 175 -- 580 -
Other fibrous materisls: |
Waste paper 1,447 1,611 | - 13,952 | 1,47k
Other 57 55 -- 18 33
Total 1,504 1,666 - 1,970 1,507
Total 1,691 1,8k -~ 1 2,550 1,857
1
PRODUCTION OF OTHER BQARD--THOUSAND TONS
Total 1,500 1,632 | 2,250 | 2,812 | 3,053
A } e
CONSUMPTION OF FIBROUS MATERIALS PER TON
OF OTHER BOARD PRCDUCED -'TONS
A e R S R -
Wood pulp: i i : T
Sulfite S.2 ) 0.02 | L 0,01 -
Sulfate ! SECI Ok -- -1l } --
Groundwood ‘ 253 SCh - .02 --
Semichemical _ - R --
Other .02 ; o] ? i .03 - -
e i bl
Total SEENS .11 | .24 --
| ey olgn -3 e gitenesind bugosaniponpy
Other fibrous waterials. ; ! i |
Weate paper i an 99 -- .81 0.48
Other ) b 3L ) .01
Total } Loo | Loz, - 82 49
[ o= U -
Total ; 1.130 0 1.13 - 1.06 =

—,l:fnata may not sdd to totals vecwuse of rounding .
4

-~ Qctover 1,

Souvr~es:

1943 £ 3eptember

Sce gourse ncte tabie

hree.

bl
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Consumption of fibrous materials in the domestic
manufacture of paper and board
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Consumption of fibrous materials in the
domestic manufacture of paper
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Consumption of fibrous materials in the domestic
manufacture of board
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Consumption of wood pulp in the domestic
monufocture of poper and boord
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Consumption of wood pulp in the domestic
manufacture of paper
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APPENDIX G

BASIC STATISTICS ON PRODUCTION,

TRADE, AND CONSUMPTION OF PULIWOOD

Note: Includes graphs showing historical trends in the use of pulpwood
per ton of wood pulp manufactured with extrapolations to 1985.
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Table 1.--Pulpwood consumptjon, production, net imports, and the equivalent wood volumes of the

net imports of paper, board, and wood pulp in the United States, 1920-2@

(Thousand cords)

Consumption in U.S, mills
U.S. production bourd, a:t
Year con‘:::l;tion Net wood gy
Total Roundwood Chipped | pulpwood (pulpwcod
Total residues | imports equivile:
Total Softwoods Hardwoods
1920 8,240 6,11k 4,873 4,703 4,157 546 170 1,261 RN
1921 6,621 L,557 3,476 3,409 3,068 3kl 67 1,082 o, #h
1922 9,022 5,549 4,537 b, uk9 3,955 Lok 88 1,012 3,471
1923 9,957 5,873 4,539 L,u35 3,947 L8 10k 1,33 L,k
192k 10,194 5,768 4,517 4,398 3,875 523 119 1,251 L Lo
1925 10,778 6,094 L, 624 L,L68 3,963 505 156 1,470 L, d
1926 12,106 6,766 5,k03 5,222 4,679 543 181 1,363 Gy
1927 12,206 6,751 5,213 L,927 k,351 576 286 1,538
1028 12,928 7,160 5,641 5,185 4,620 565 L56 1,519 6,
1929 13,898 7,645 6,347 5,786 5,080 706 561 1,298 6,091
1930 13,188 7,19% 5, 7hk 5,13 L,L7) 664 50 1,452 g, e
1331 12,075 6,723 5,782 5,22k L, 702 522 558 i 5,35
1932 10,437 5,633 5,013 4,572 L,129 LL3 Ll 620 [T
1933 12,21 6,582 5,867 5,389 L,726 663 L80 712 Lyt
193L 12,549 6,797 5,838 5,602 b, 57 655 236 957 P
1935 13,810 7,628 6,620 6,327 5,561 766 293 1,008 0,1
1936 15, %6 8,716 7,521 7,197 6,139 1,008 130 1,189 7,6
1937 18,286 10,3% 8,895 8,368 7,364 1,004 527 1,496 7,80
1938 1k, 902 9,194 7,993 7,760 6, 361 799 193 1,21 Yot
1939 17,387 10,816 9,736 9,461 8,543 918 275 1,081 .
1940 18,026 13,743 12,369 12,1k2 19,819 1,323 207 1,374 Lo
171 21,k51 16,580 14,176 13,98k 12,446 1,532 12 1,560 L,~71
1942 22,25) 17,275 14,907 14,753 13,056 1,657 154 1,660 Lt
1943 20,455 15,645 13,580 13,463 11,067 1,616 W17 1,355 [T
194k 21,150 16,758 15,349 15,149 13,140 1,41 220 1,351 L,z
1k 22,795 16,912 15,254 14,891 12,772 2,973 uo3 1,523 5,73
16 25,127 17,818 16,966 16,378 1h,020 2,351 5638 1,675 7,7
147 28,318 13,71k 18,543 17,7l 1%,313 2,L31 T 1,730 Ea
18 30,297 21,189 20,726 17,061 16,6777 2,304 65 1,942 UREE
1949 28, L6k 19, P45 17,619 16,486 1k, 326 2,160 1,133 1,411 LA
1750 33,659 23,627 20,716 19,466 16,673 2,737 1,2% 1,385 17,540
1951 36,158 26,522 25,128 23,718 20,069 3,649 1,410 2,97 PRIEY
1952 35,L04 26,461 25,045 23,477 20,002 3,475 1,568 2,108 2L
1453 37,774 29,141 26,322 2k, 787 20,707 L,08) 1,529 1,041 o
195k 38,056 27,436 26,712 25,471 20,945 L,526 1,571 1,502 R
1955 L1,989 33,356 30,948 25,598 €3,303 5,234 2,359 1,70
1956 Ls,uLL8 35,749 35,146 32,146 26,212 5,3 3,050 1,762 Y
1957 Ll 2b1 35,746 3k, h22 30,676 24,601 6,079 3,746 1,506 e
1958 43,592 35,248 33,239 28,090 22,Lks 5,646 5,147 1,260 Ay
1957 47,895 38,691 36,716 30,583 23,380 7,202 5,130 1,955
1960 48,730 Lo,L85 Lo,012 33,468 25,45k 8,01k 6, bk 1,156 4,7k
1961 50,316 k2,191 ko,272 32,118 23,997 8,121 8,155 1,162 5,180
1962 52,855 Lk 070 k2,772 33,81 2k, 866 8,945 8,951 1,292 9,755
1963 , 5k ,610 46,435 LL, 708 34,471 25,0hk Y,426 10,237 1,543 5,179
16k ¥ 58,306 wgo711 | wBu77 | 37,289 | 27,200 10,080 11,188 1,391 35
ies in imoor

zmu may not add to totals because of changes in lnventories, rounding, and statistical discrepans

Preliminary.

Sources: U.S. Department of Commerce, Bureasu of the Census, Current Industrial Reports: Pul Puper aml Pomed

Series MPAA (Annual); United States Imports of Merchandise for Contumption FT 110 (Washington: U.S. Goverrmw:
Printing Office, Annual); United States Eann of Domestic and Foreign Merchandise FT 410 (washington: U.S.

Government Printing Office, Annual). American Paper and Pulp Association, Moathly S atistical Summary

No. 3

(New York: American Pulp and Paper Association). American Pulpwood Associstion, Pulpwood statistics (lNew York:

Amerizan Pulpwood Association, Annual), U.S. Department of Agriculture, Forest Service.
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APPENDIX H

DEFINITION OF TERMS

All definitions of grades of paper and board and wood pulp shown
in this Appendix were taken from or based upon definitions in The
Dictionary of Paper (New York: American Paper and Pulp Aasociation,
2nd edition, 1951 and 3rd edition, 1965). Definitions of statis-
tical terms were taken from or based upon material in Methods of
Correlation and Regression Analysis, Ezekiel and Fox.

312
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DEFINITIORS

Bending board: Includes (a) Folding boxboard. A paperboard used
for the manufacture of collapsible or folding cartons. It i1s made of
wood pulp, waste papers, or a combination of these and may be unlined,
single vat lined, or coated. It is made in thicknesses of 0.013 to
0.052 of an inch and in weights from 60 to 180 pounds per 1,000 square
feet. It possesses bending qualities and usually has a finish to per-
mit printing or lithographing colored designs. This group includes such
products as bending chipboard, clay-coated boxboard, mist gray suit
board, single manila-lined chip, solid (or filled) newsboard, and white
patent-coated news. (b) Special food board. A general term applied to
paperboards used in the packaging of milk, frozen foods, other similar
foods, and as containers for hot and cold drinks. Includes milk con-
tainer stock; cup stock; ice cream and food pail stock; plate, dish, and
tray stock; frozen food container stock; and other similar boards.

Board. (See paperboard). In addition to the grades classified by
the Bureau of the Census as paperboard, the term as used in this study
includes wet machine board and building board.

Book paper. A general term used to define a class or group of
papers having in common physical characteristics that, in general, are
most suitable for the graphic arts, exclusive of newsprint. These
physical characteristics are varied to meet the requirements of the type
of impress employed and the objective use of the article produced.

Building board. A general term describing paperboard used by the
building trades. Insulating boards such as building board, roof
insulation board, interior board, shingle backer, sheathing board and
wallboard and hardboards are the principal items.

Chipboard. A paperboard used for many purposes that mey or may not
have specifications of strength, color, or other characteristics. It is
normally made from paper stock with a relatively low density in thick-
nesses of 0.006 of an inch and up. Lightweight grades are made on both
the fourdrinier and cylinder machines, the heavier weights on cylinder
machines only. It may be a filled sheet or a solid sheet. (a) Combina-
tion chipboard has paper stock as a base or center and is vat lined on
one or both sides with a different grade or stock--usually of a higher
grade and possessing a smoother and better appearing surface. News
grade of mechanical pulp, blank news, etc., are used for the vat liner.
(b) Solid chipboard is unlined and is made of paper stock throughout.

Chips. A small piece of wood produced by a chipper in a form suit-
able for processing into wood pulp.

Coarse paper. A term applied to various grades of paper used for
industrial purposes as opposed to grades used for cultural purposes.
They can be bleached or unbleached, usually range from a basis weight
of 18 pounds or more (24 x 36--500), and frequently are colored or
printed or both. Grades falling under this classification include
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wrapping papers, bag papers, gummed tapes, bullding papers, heavy duty
envelopes, towels, etc. See also industrial paper.

Coated book paper. A paper used in the manufacture of magazines,
books, pamphlets, folders, and brochures vhere the use of fine half-
tone illustrations is necessary. The materials used and the process of
manufacture of the base paper are the same as for uncoated book paper.
It is well sized and possesses good tearing strength. The base paper is
coated with white mineral pigment mixed with adhesive such as casein,
starch, latex, resin, or glue elther on the paper machine as a part of
the process of manufacture or as a separate operation after manufacture
of the base paper. Waxes or soaps may also be added to the coating
mixtures to add to the finish and feel of the paper. The mineral pig-
ments used include clay, satin white. barium sulfate, calcium carbonate,

—walcium sulfite, and titanium dioxide, which may be applied as such or
as mixtures.

Coefficient of autocorrelation. A measure of the correlation
between each item of a series and an item of the same series which
follows next in time. A coefficient of autocorrelation that differs
significantly from zero means that the basic conditions of simple
sampling have probably not been met.

Coefficient of correlation. A measure of the relationship between
two variables when the relationship is linear.

Coefficient of determination. A measure of the percent of change
in the values of the dependent variable which is associated with changes
in the values of the independent variable when the relationship is
linear.

Coefficient of multiple correlation. A measure of the relationship
between a dependent variable and two or more independent variables when

the relationship is linear.

Coefficient of multiple determination. A measure of the percent
of change in the values of the dependent variable which is associated
with changes in the values of two or more independent variables when
the relationship is linear.

Coefficient of partial correlation. A measure of the extent to
which an independent variable explains changes in the dependent variable
after all other independent variables are taken into account. Ezekiel
and Fox define it as follows: 1/ "The coefficient of partial correlation
may be defined as a measure of the extent to which that part of the
variation in the dependent variable which was not explained by the other
independent factors can be explained by the addition of a new factor."

Coefficient or index of partial correlation. A measure of the
extent to which an Independent variable explains changes in the depen-
dent variable after all other independent variables in the regression
equations are taken into account.

l'/Ezeld.el and Fox, op. cit., p. 193.
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Construction paper (building paper). A general term applied to a
class of paper used in general construction work. These papers are
generally produced from strong fibers (rags, wool, screenings, and un-
bleached kraft pulp). They are used in building construction for
sheathing and under flooring and may be converted to such products as
roofing, sheathing, and tarred or asphalt-coated vapor barrier.

Container board. A general term designating: (1) solid fibre or
corrugated combined board used in the manufacture of shipping containers
and related products; (2) the component materials used in the fabrica-
tion of corrugated board and solid fibre combined board, i.e., liner-
board, corrugating medium, and chipboard.

Correlation model. The correlation model requires strictly random
samples from normal bivariate or multivariate universes. In contrast,
the regression model has no requirement concerning the universe--if
indeed a "matural” underlying universe exists at all.

Cover papers. A term applied to a great variety of papers used for
the outside covers of catalogs, brochures, and booklets to enhance the
appearance and to provide protection from handling, and for other
printed matter in which substantial weight or bulk is important.

Defibrated pulp. A pulp produced mechanically by means of a
machine known as a Defibrator. In this process, wood chips are con-
tinuously fed into a steam-heated chamber and the mechanical separation
of the fibers then takes place at elevated temperatures. Hardwoods or
softwoods may be used in the manufacturing process. The yield is high,
ranging from 90 to 95 percent on a bonedry basis. The resulting pulp is
homogeneous and free and has good felting properties. Defibrated pulps
are used principally in the manufacture of hardboard, insulating board,

and roofing felt.

loded pulp. A pulp produced from almost any kind of wood by
subjecting the chips to a very high steam pressure for a short time,
usually less than a minute. Sudden release of the pressure produces a
violent internal explosion in the cell spaces of the wood, tearing the
fibers apart and reactivating the lignin so that it can form a new bond
with the fibers. The resulting pulp is brown in color and is used in
the manufacture of a hard board suitable for use as a building and
insulating material and as a substitute for metals or lumber in the
manufacture of a wide range of industrial products.

Fine paper. A general term including writing, bristols, cover,
text, and thin papers. Most fine paper is made from chemical pulp,
largely sulfite and bleached sulfate although rag pulps are used in
producing certain specialty grades such as bond, currency, ledger, and

map.

Folding boxboard. A paperboard used for the manufacture of collaps-
iple or folding cartons. It is made of wood pulp, waste papers, or a
combination of these and may be unlined, single vat lined, or coated.
It is made in thicknesses of 0.013 to 0.052 of an inch and in weights
from 60 to 80 pounds per 1,000 square feet. It possesses bending
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qualities and usually has a finish to permit printing or lithographing
colored designs. This group includes such products as bending chip-
board, clay-coated boxboard, mist gray suit board, single manila-lined
chip, s0lid (or filled) newsboard, and white patent-coated news.

Furnish. The mixture of various materials that are blended in the
stock suspension from which paper or board is made. The chief constit-
uents are the fibrous material (pulp), sizing materials, wetstrength or
other additives, fillers and dyes.

Groundwood paper. A general term applied to a variety of papers
made with substantial proportions of mechanical wood pulp together with
chemical wood pulps, and used mainly for printing and converting —
purposes.

Groundwood pulp. The pulp is produced by taking short logs after
they have been barked and cleaned and pressing these logs sideways
against a revolving natural or artificial pulpstone, thereby reducing
them to a fibrous mass of short fibers which discolors in time on
exposure to light and air. The wood is almost always softwoods,
although in certain instances hardwoods are used. Freedom from pitch
is desirable. Groundwood pulp is used in papers where permanence and
stréngth are of minor importance, but where absorbency, bulk, opacity
and compressibility are the chief characteristics desired.

Hardboard. A board manufactured from wood or other lignocellulose
fibers, refined or partly refined and felted into a panel having a
density range of over 26 pounds per cubic foot under carefully con-
trolled optimum combinations of consolidating pressure, heat, and
moisture so that the board produced has a characteristic natural
ligneous bond.

Income elasticity of demand. The percentage change in quantity
demanded resulting from a 1 percent change in income when other factors
such as prices are held constant.

Index of correlation. A measure of the relationship between two
variables when the relationship is curvilinear.

Index of determination. A measure of the percent of change in the
values of the dependent variable which is associated with changes in
the values of the independent variable when the relationship is curvi-

linear.

Index of multiple correlation. A measure of the relationship
between a dependent variable and two or more independent variables when

the relationship is curvilinear.

Index of multiple determination. A measure of the percent of
change in the values of the dependent variables which 1s associated with
changes in the values of two or more independent variables when the

relationship is curvilinear.
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Industrial paper. A general term including cable paper, tabulating
card stock, tag stock, blotting paper, filter paper, and other special
industrial and absorbent papers used for industrial purposes.

Insulation board (insulating board). A type of board composed of
some fibrous material, such as wood or other vegetable fiber, sized
throughout, and felted or pressed together in such a way as to contain
a large quantity of entrapped or "dead" air and having a density of 26
pounds or less per cubic foot. It is made either by cementing together
several thin layers or forming a nonlaminated layer of the required
thickness. It is used in plain or decorative finishes for interior walls
and ceilings in thicknesses of 0.5 and 1 inch (in some cases up to 3
inches) and also as a water-repellent finish for house sheathing.

Newsprint. A generic term used to describe paper of the type

~ generally used in the publication of newspapers. The furnish is largely

mechanical wood pulp, with some chemical wood pulp. The paper is machine
finished and slack sized, and it has little or no mineral loading. It
is made in basis weights varying from 30 to 35 pounds (24 x 36--500), the
great preponderance being 32 pounds. The term includes standard news-
print and also paper generally similar to it and used for the same
purpose but which may exceed to slight degrees the limitations of weight,
finish, sizing, and ash applicable to standard newsprint. It does not
include printing papers of types generally used for purposes other than
newspapers even though such papers may to some extent be used by news-

papers.

Paper. (1) General term. The name for all kinds of matted or
felted sheets of fiber (usually vegetable but sometimes mineral,
animal or synthetic), formed on a fine wire screen from a water sus-
pension. Paper derives its name from papyrus, a sheet made by pasting
together thin sections of an Egyptian reed (Cyperus papyrus) and used in
ancient times as a writing material. (2) Specific term. One of the two
broad subdivisions of paper (general term), the other being voard. The
distinction between paper and board is not sharp but, generally speaking,
paper is lighter in basis weight, thinner, and more flexible than board.
Its largest uses are for printing, writing, wrapping, and sanitary
purposes, although it is also employed for a very wide variety of other
uses. _

Paperboard. One of the two broad subdivisions of paper (general
term), the other being paper (specific term). The distinction between
paperboard and paper is not sharp but broadly speaking, paperboard is
heavier in basis weight, thicker, and more rigid than paper. In general,
all sheets 12 points (0.012 inch) or more in thickness are classified as
paperboard. There are a number of exceptions based upon traditional
nomenclature. PFor example, blotting paper, felts, and drawing paper in
excess of 12 points are classified as paper while corrugating medium,
chipboard, and linerboard less than 12 points are classified as paper-
board. Paperboard is made from a wide variety of furnishes on a number
of types of machines, principally cylinder and fourdrinier. The broad
classes are: (1) container board, which is used for corrugated cartons,
(2) boxboard which is further divided into (a) folding boxboard, (b)
special food board, (c) setup boxboard, and (3) all other special types
such as automobile board, building board, tube board, etec.
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Pulpwood. The wood used in the manufacture of wood pulp.

Regression model. A model in which the values of the independent
varisble or variables are selected by the analyst as typical, with no
requirement that the aistributions of the variables in the sample be
representative of those in the universe--if indeed a "natural” under-
lying universe exists at all. This is in contrast to the correlation
model which requires strictly random samples from normal bivariate or
multivariate universes.

Sanitary and tissue paper. A general term indicating a class of
papers of characteristic gausy texture and in some cases fairly trans-
parent, made in weights lighter than 18 pounds (24 x 36--500). In
addition to sanitary tissues, they include wrapping tissue, waxing tissue
stock, twisting tissue stock, fruit and vegatable wrapping tissue stock,
and crepe wadding. They are made on any type of paper machine and from
any type of pulp or in some cases from waste paper. They may be glazed
or unglazed and are used for & wide variety of purposes.

- Screenings. Screenlngs are produced from the coarse fibers, fiber
bundles, shives, partially cooked chips, and other materials removed
from unbleached wood pulp in the screening operation. After separation
by screening, it is the usual practice for the pulp mill partially to
defiber this material by mechanical means, such as a jordan or other
refiner, before running it into laps or sheets. Screenings are used
principally in the manufacture of coarse grades of paper and paperboard,
such as mill wrapper, and as a substitute for chipboard, corrugating
material, and insulation board. Screenings are produced in all the
chemical pulping processes, but normally only the screenings from the
sulfate, and acid and neutral sulfite processes are used commercially.
Groundwood screenings are occasionally refined and admixed with virgin
stock and may be used in the coarsest grades of board.

Semichemical pulp. Semichemical pulp is so called because only &
part of the ligneous portion of the wood is removed during cooking, and

consequently, high yields are obtained from this process. The term
"semichemical” indicates a relatively mild degree of cooking, such as a
quick-cook sulfite or sulfate cook, and is not specific to any of the
chemical pulping processes. After cooking, the softened chips are
mechanically disintegrated by a suitable type of refiner. Although some
semichemical pulp is now being bleached by the peroxide method for use
in the manufacture of printing papers, this type of pulp is chiefly used
in the unbleached state, and is characterized by a relatively low color
(dependent upon the wood used) and yields a sheet of paper or board
which has a dense formation and a high degree of stiffness and rigidity.

Setup boxboard. A general term for paperboard used in making boxes
in rigid form as contrasted with a folding or collapsible box. It may
be a solid or combination board depending on the style of box; it ranges
in thickness from 0.016 to 0.065 of an inch and weighs 60 to 206 pounds
per 1,000 square feet. Stiffness, rigidity, and resistance to abuse are
essential qualities.

P XN



- 319 -

Soda gule. The term used for the pulp in which the active cooking
agent 18 caustic soda, the digestion taking place at fairly high temper-
atures. Soda pulp is made principally from broadleaf woods, such as
aspen, birch, maple, gum, and tulip poplar. When bleached it reaches a
?airly white color. In general, owing to the natural shortness of the
fiver (1 to 1.5 mm.) it possesses very little physical strength but
imparts the desirable properties of smoothness, bulk, opacity, and uniforn
formation for printing requirements. Some soda pulp is also made from
coniferous woods. This pulp is soft in texture and is stronger than that
produced from broadleaf woods.

Special food board. A general term applied to paperboards used in
the packaging of milk, frozen foods, other gsimilar foods, and as con-
tainers for hot and cold drinks. Includes milk container stock; cup
stock; ice cream and food pail stock; plate, dish, and tray stock;
frozen food container stock; and other similar boards.

Standard error of estimate. A measure of the closeness with which
values of a dependent variable can be estimated from the values of inde-
pendent variables. According to Ezekiel and Fox: 2/ '"The standard error
of estimate can be used to indicate the probable reliability of a series
of estimates of the values of the dependent variable for new observations
when only the values of the independent variable are known, but only
where it is definitely known that the new cases are drawn at random from
exactly the same universe--as were the observations from which the
relation was determined. In case they do not represemt exactly the same
conditions--as if, for example, they represent a different period of
time--then the standard error of estimate has meaning only with respect
to the scatier of the residuals around the regression line for the cases
used in determining the relationship. The standard error of estimate is
stated in the same unit as the original independent variable. Where the
dependent variable is in pounds the standard error of estimate will be
in pounds, vhere it is in tons the standard error will be in tons, and
where it is in logarithms the standard error will be in logarithms.”

Standard error of forecast. The standard error applicable to esti-
mates of the most probable values of the dependent variable calculated
from new observations of the independent variable.

Sulfate pulp. A term commonly used for all grades of pulp cooked
by the process in which the make-up chemical is essentially sodium sul-
fate. Originally, sulfate pulps were used for the most part in the
manufacture of various grades of paper and paperboard where physical
strength was of primary importance. However, increasing amounts of sul-
fate pulps are being used for absorbent tissues and wadding and for
chemical conversion grades. Although the stronger grades are made from
softwoods, very large quantities of hardwood kraft pulps are produced.

Sulfite pulp. Sulfite pulp is used either in the bleached or un-
bleached state in nearly all classes of papers, and bleached sulfite
pulp is used in the manufacture of rayon and cellulose esters and ethers.

3/Ezekiel and Fox, ibid.
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Although some bleached sulfite is made from hardwoods, it is manufac-
tured usually from coniferous woods of low resin content, such as spruce,
balsam, fir and hemlock, by dissolution of the ligneous material (1ignis)
with calcium bisulphite cooking acid. Dolomite limes, containing a fair
percentage of magnesium along with the calcium, are sometimes used when
it is economical to do so. A great deal of work is being done at the
present time both experimentally and commercially, on the use of soluble
bases such as sodium, ammonium, and magnesium, in connection with the
utilization or burning of the waste liquor to avoid stream pollution.

t-ratio. A measure of the probability that the given value of b
might have been obtained by chance from a population in which the true
regression coefficient is zero.

Tests of significance--t-test and F-test. Tests to determine the
probability of a difference between measures being due to chance.

Text papers. A paper of fine quality and texture for printing.
Text papers are manufactured in white and colors, from bleached chemical
wood pulp or cotton fiber content furnishes with a deckled or plain edge,
and are sometimes watermarked. Designed for advertising printing, the
principal use of text papers is for booklets, brochures, fine books,
announcements, annual reports, menus, folders, and the like.

Thin papers. Any lightweight paper. The term is usually applied
to such papers as Bible, carbonizing, cigarette, condenser, manifold,
and like papers, but not to facial or toilet tissue.

Uncoated book paper. An uncoated paper used in the manufacture of
printed material such as magazines, books, pamphlets, folders, and
brochures or converted products such as envelopes, tablets, adding
machine paper, box lining, trading stamps, etc. The furnishes used are
generally varlous combinations of bleached chemical wood pulps.

Wet machine board. Certain types of boards manufactured on a wet
machine which are dried and finished; among these are binders, book,
coaster, counter, dobby, electrical pressboard, filter friction, fuller,
genuine pressboard, heeling, innersole, leather, matrix, middlesole,
panel, shank, shoe, and trunk fibreboard.

Wood pulp. Wood pulp is pulp manufactured either by mechanical or
chemical means or both from softwood or hardwood trees. It is used as
part or all of the fiber composition in practically every type of paper
and constitutes approximately 90 percent of the virgin pulp fiber used
by the world's paper and board industry. In addition to its use by the
paper and board industry, bleached and purified chemical wood pulp is
widely employed for rayon and other products involving a chemical con-
version of the cellulose fiber.

Writing papers. A paper suitable for pen and ink, pencil, type-
writer, or printing. It is made in a wide range of qualities from
chemical and mechanical wood and rag pulp, or mixtures of rag and
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chemical pulp or chemical and mechanical pulp. It is made in basis
weights of 13 to 24 pounds (17 x 22--500). The most significant class
property is good writing and ruling surface., For some uses, good
strength and erasability are also necessary.
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