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CHAPTER 1

INTRODUCT ION

1.1 History of Paper

Discovered in 105 A.D. in China, the art of papermaking spread
throughout the Middle East and Furope. The art was not established in
the United States until late in the thirteenth century although the art
had already flourished in Europe by then. By the time of the American
Revolution, hcwever, the paper industry was firmly established in the
northeastern states of Pennsylvania, New York, Massachusetts,
Connecticut, and Maine.

The concentration of paper production in the various producing
regions of the world may be attributed to two groups of factors: (a)
factors affecting the demand for paper, aund (b) factors atffecting the
supply of paper. The Industrial Revolution brought forth high economic
growth and standard of living for many western econcmies. The
establishment of universities not only made the populace literate, hence
the increased demand for literature, but in the process of learning,
reading material also had to ge provided. The surging demand for paper,
accompanied by producticn innovations such as the Fourdrinier and

nultiple-impression printing, which facilitated the production of paper
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and of printing, stimulated the search for a new raw materiel to
substitute for tne increasingly scarce cotton and line2n rags. Due to
their early industrialization, and consequently high income levels,
Europe and Nerth America have been, and still are, the traditicnal
consuming regions.

Before wood pulp became a ﬁajor scurce of raw material in the
production of paper, paper mills were centered around metropolitan areas
where cotton and linen rags were abundant. But as wocd pulp became more
popular and cheaper as a source of raw material, paper mills socon
followed in the wake of lumber mills. Regions which were leaders, at
one time or another, in lumber manufacturing became the primcipal pulp-
producing areas a decade or so later. The popularity of wood pulp as a
raw material consequently led to regions naturally endowed with softwood
and élentiful water to be the traditional suppliers of paper products.
Europe, North American, and the U.S.S.R. nave becen, and still are, the
traditional suppliers.

The fact that Europe and North America are both the biggest
producers and largest consumers of paper and paperboard products
conceals the fact that substantial intraregional trade takes place
within these two coantinents. Within Europe, the Nordic countries tenés
to be an excess supply area while the rest of Europe tends to be the
excess demeand area. Canada ternds to be an excess supply aree oun the
North American continent, with the United States an excess demand area.
The supply attributes of each region and early industrialization partly

explain these tendencies.



l.2 Problematic Situation

Over the ias: four decades approximately 80 percent or more of the
total world production, conswumption, and trade of newsprint, other
printing and writing paper, and <.32:'ner paper and paperboard has been
accounted for by only a few regions, all of which'are developed
economies. The regions include North America, the European Economic
Community (EEC), the Nordic countries, and Japan. In this study, North
America consists of Canada and the United States (U.S.); the EEC
.comprises Belgium-Luxembourg, Demnmark, France, the Federal Republic of
Germany (West Germany), Ireland, Italy, the Netherlands, and the United
Kingdom. The Nordic countries consist of Finland, Norway, and Sweden.

Althougn these regions still account for a large share of world
production, consumption, and trade of paper and paperboard preoducts,
there has been a declining trend in their share, albeit the absolute
magnitudes have been increasing (see Tables 1.1, 1.2, and 1.3). The
decline in the developed countries' share of the world total is due to
the growing importance of the less developed countries. Both the share
of the world total as well as the absolute volume of production,
consumption, and trade of the less developed comntries have been
trending upward.

In spite of the dominance by a few regions in the world market for
paper and paperboard products, no ome reéion is able to exert a
significant influence on the prices of these products. Rather, the

prices are set by world market conditions. As such, firms engaged in



Table 1.1

Production, Consumption, Imports, and Exports of
Newsprint for Selected Years, By Regions

1948 1958
Regions Production Consumption Imports Exports Production Consumption Imports Exports
--------------- thousand metric tons - = = - = = = = = - - = - - - -
1. North and
Central America 5350 5380 3990 3960 7040 6325 4555 5270
Canada 4210 284 0 3926 54171 315 0 5150
United States 794 4751 3987 30 1556 5880 4430 llo
2. Europe 1400 990 260 670 3495 3325 11725 1345
Nordic 764 176 0 538 1258 248 1 1011
EEC 571 732 206 45 17Co 2525 1ol 192
3. Japan 1ul 104 3 0 511 S50l 2 12
Percent of 99.0 92.4 49.9 9Y9.38 91.8 84.8 84.8 97.9
world total
World total €920 7010 4730 4640 12095 12045 6720 6770

Source: Yearbook of Forest Products, FAO, United Nations, various years.



Table 1.1 Continued

1908 1979

Production Consumption Imports Exports Production Consumption Imports Exporta

--------------- thousand metric tons - - = = = = = = = = = = = - - - -
10151 9297 6044 6902 12536 11370 6767 7933
7432 047 0 6785 8756 888 0 73863
2682 84217 5802 117 3685 10175 6552 65
5339 4951 1969 2387 6063 60038 3385 3440
2442 334 0 2108 3382 288 0 3094
2083 3709 1769 143 1745 4550 3020 215
1471 1569 104 6 2566 2528 52 90
e7.9 82.5 84.7 95.7 83.5 79.0 84.1 3.2

19300 19213 9626 9713 25345 25187 12137 12295




Table 1.2

Production, Consumption, Imports, and Exports of
Printing Paper for Selected Years, By Regions

1958 1Y08
Regions Production Consumption Imports Exports Production Consumption Imports Expcrts
--------------- thousand metric tong = =~ = = = ~ = = = - - - - - - -
1. North and
Central America 5460 5415 65 110 10413 10405 268 276
Canada 313 278 8 43 oLl 4817 22 l4o
United States 5079 5047 34 0o 9659 9692 lov 127
2. Europe 4080 3685 170 505 8823 8202 1517 2143
Nordic 580 299 0 291 1542 ol? ly 944
EEC 2600 2037 149 118 5508 6020 L1333 821
3. Japan 705 647 0 58 lob2 150y P 14>
Percent of 89.y 80.y 42.0 Y9y.1 86.7 84.0 71.2 Jo.4
world total
World total 14395 11215 560 740 24111 23959 2509 260!

Source: Yearbook of Forest Products, FAO, United Natious, various years.



Table 1.2 Continued

1979

Production Consunption Imports Exports

15017 10064 1264 817
1478 1072 118 524
13034 14451 1051 284
14938y 13577 4087 5499
3392 1094 76 2374
tl4y 10007 3500 2242
3771 3701 38 108
84.3 81.7 8l.6 97.5

40796 40812 6008 6592




Table 1.3

Production, Consunption, Imports, and Exports of
Paperboard for Selected Years, By Regions

1448 1958
Regions Production Consumption Imports Exports Production Consumption Imports Exports
--------------- thousand metric toas = = - = = = = = = = = = = = - -
1. North and
Central Auwerica 20220 19940 230 510 21509 2131y 400 590
Canada 1122 1008 88 202 1349 1358 119 L1
United States 19093 le827 141 307 19825 1953 158 4480
2. Europe 4840 4356 63¢ 1120 11075 10745 1755 20485
Nordic 1483 591 12 U4 2050 772 28 1ala
EEC 3027 330 50y 240 6740 7730 154y 500
3. Japan 327 320 3 4 1714 1682 3 3>
Percent ot 94.0 Yo.4 72.5 97.3 87.4 85.0 73.3 Y7.8
world total
Worla total 25910 25426 1190 lo8u 39260 39435 2945 2710

Source: Yearbool of Forest Products, Fa0, United Nations, various years.
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- 10 -
the manufacture of these products, espeacially those ia the main
producing and consiuming regioms, not only have to be aware of local
market conditions but also global conditions. Policy makers too must be
aware of global conditions. This is especially true for policy makers in
Canada and the Nordic countries, since the forest industry is one of the
biggest, if not the biggest, earmers of foreign exchange in these
countries. For example, pulp, paper and paperboard products were
Canada's major export, valued at approximately $7 billion in 1979 - more
than motor vehicle parts and accessories. For the same period, the
value of gross production of pulp and paper mills represeated 3.6
percent of Canada's GNP.

In contrast to Canada, paper and allied products production
represented orly 0.8 percent cf the Urnited States' @IP for 1979. The
meager proportion at the national level, however, does not dwarf the
United States' dominance at the global level. Since World War II the
United States has been, and still is, the biggest producer and consumer
of paper and paperboard products. The United Stetes consumed 10.2
million metric tons of mewsprint in 1979, equivalent to 40 percent of
thg world totel. It is alsc the biggest importer of newsprint inm the
world. The United States} imports represented 94 percent of the world
total in 1979. The United States is also the biggest producer of
printing and writing paper; however, most of its production is
domestically consumed. More than 40 miliion metric tons of other paper

and paperboard, equivalent to 38 percent of werld production, was
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producec in the United States in 197Y9. Of this total, 38 million metric
tons were used domestically. The United States is also one of the
biggest exporting countries of this product category.

There has been a substattial growth in the production of these
three products in the United States, as well as in the other major
producing countries, since World War IL. Obviously, the growth in
production at the national level implies a similar growth at the
regional levels; however, the growth rates vary across regions and
across products (see Table 1.4).

For the purpose of this study, the United States is divided into
three regions for each of the products considered here, but the regions
are not the same for each product.l The South is the biggest producing
region in the United States for all thres product categories (see Tables
1.5 - 1.7).2 The South produces about 55 percent of the total United
States newsprint production, with the other two regions producing almost
an equal share of the residual. The South also produces approximstely
57 percent of the United States total production of other paper and
paperboard. The share of the United States producticn of other writing
and printing paper by the South bas been steadily increasing. In 1972

this region produced about 20 percent of the total U.S. production of

l. The regional classification for all products is given in Appendix A.

2. For other printing and writing paper the rest of the United States
can be renamed the South since the Scuth produces about 90 percent of
the total for this region. Henceforth, the rest of the United States
will be referred to as the South for other printing and writing
paper.
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Table 1.4

Production Growth Rates for
Paperboard for United

Newsprint, Printing Paper, and
States, Selected Periods

Product 1948-19791 1968-1979
----- per cent - - - - -
Newsprint 68.03 37.40
Printing paper? €5.92 41.67
Paperboard 30.21 26.49

l. The mean of the average rates for three periods: 1948-1958,
1958-1968, and 1968-1979 was computed.
2. For this product group, the growth rate was computed as the

mean of the average rates

for 1958-1968 and 1968-1979.
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Table 1.5

for Selected Years, by Regionsl

Regions 1962 1967 1972 1978
--------- short tous = = = = = = - - =
North 482272 620543 773588 767041
(22.99) (24.67) (22.42) (21.99)
South 1140953 1304103 1887191 1932305
(54.39) (52.70) (54.63) (55.38)
West &74617 560034 785942 769533
(22.62) (22.63) (22.89) (22.63)

l. Percentage of the United States total is given in

pareuntheses.
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Table 1.6

for Selected Years, by Regionsl

Regions 1962 1967 1972 1978
--------- short tons = = = = = = = = =
Northeast 2994341 3878271 4144355 4990641
(63.09) (39.20) (33.82) (33.29)
Nerth Central 2579319 3030851 3746€97 4434489
(37.12) (30.64) (30.57) (29.58)
South 1374704 2983470 4363467 5568309
(19.78) (30.16) (35.61) (37.14)

l. Percentage of the United States total is given in pareatheses.



Production of Paperboard for the United States

Table 1.7

for Selected Years, by Regionsl

Regions 1962 1907 1972 1978
--------- short tons = = = = = = = - - -
North 10588104 11421928 10521993 12865888
(37.23) (33.22) (26.43) (28.16)
South 138146380 17583227 23337738 26125910
(48.57) (51.15) (58.63) (57.19)
West 4037192 5373696 5948019 6689942
(14.20) (15.63) (14.94) (14.64)

1. Percentage of the United States total is given in

parentheses.
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other printing and writing papar but by 1978 it was producing about 37
percent of the total, rougnly 6 million short tons. The rise of the
South as the major produciag regioan for all three paper product groups
is attributed to the expamsion of capacity in the South, the use of
modern production plants, and the use of pine as a source of raw
material. In contrast, the decline cf the North as the leading
producing region is attributable to the use of old equipment and the

lack of investment in new capacity.

1.3 Problen

In spite of the increases iu production by all regions, especially
the South, the United States coatinues tc rely on foreign sources to
supplemeat its demand for newsprint as well as to absorb its supsly of
other paper and paperpvoard. Canada has been and still it the major
exporter of newsprint to the United States. Slightly more than 54
percent of total United States' exports of other paper and paperboard go
to the EEC and Latin Armerica. This reliance of foreign sources is a
manifestation of the international characteristics of the markets for
these products.

What lies in the future for the United States paper and paperboard
industry remains uncertain. The growing importance of th2 southern
region and the nation's continued relisnce on trade for a significant
proportion of its domestic needs is of concern to the industry and the

nation. The probable comsequences of past and petaential changes in the
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sources of supply of and rhe markets for newsprint, other printing and
writing paper, and other paper and paperboard are valuable information
to both the private and public sectors of the industry. An economic
analysis of the United States markets for these products in this period
of uncertainty should provide decision makers with relevant and
importent information. However, an economic ansalysis of the United
States markets requires not only the analysis of the domestic market but
also the international market, the significance of which has been
alluded to before. As Sedjo and Radcliffe (42) commented

"...an assessment of questions of international trade and

forest resources, particularly for a country as large and

diverse as the United States, requires not omnly a look at

national and intermational trade, but also a regicnal

assessment in which regions roughly correspond

geographically forested areas.” p.3, Chapter I.

In the pzper and paperboard industry, ennu2l, five-yzar, and
scmetimes even ten-year projectioans of leccal as well as global merket
conditions are imporrent information for decision making in curreant
production, shiprent, and investment plans. Such information is
valuable not only to the private sector but also to the public sector.

For example, the U.S. Forest Service which has been delegated by the

Congress to manage National Forests,> nas the responsibility to:4

3. National Forests account for about 23 percent of the total commercial
forests lands with the remainder accounta2d for by private landowners.

4. U.S.D.A., Forest Service, An Assessment of the Forest and Range Land
Situation in the United States, review draft, p. XV.
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"...prepare a Renewable Resource Assessment ... the

Assessment shall be prepared not iater than December 31,

1975, and shall be updacec during 1979 and each tenth

year thereafter, and shall include but not limited to:

(1) An analysis of present and anticipated uses, demand

for, and supply of the renewable resources of forests,

range, and other associated lands with the consideration

of the international resources situation, and an eanphasis

of pertirent supply and demand and price relationship

trends;..."
In part, this directive was designed to overcome the general lack of
interest in the international aspects of the forest economy in
contraposition to the growing importance of international trade in
forest products. Even the recent 1980 timter assessment model developed
by Adams and Haynes (2) for the U.S. Forest Service has largely ignored
the international trade aspects, other than to include Canada as a
region of the forest ecoromy. While the public sector of the industry
is primarily concerned with the management cf forest resources at the
earlier stages of the marketing channel, namely the supply of the raw
material (wood)?, the private sector is not only interested in the

beginning stages but also the later stages of the marketing chain.®

5. Many of the U.S. Forest Service studies have beer geared towards
ensuring sufficient supply of stumpage to meet projected demand
situations.

6. The transformation of the raw material into the fimal product can be
enviszged as one continuous process. The raw material and the
transformed products at the different stages of this process are
bauled by & series of conveyor belts. Consider the production of
newsprint. Initially groundwood is conveyed to a pulping machine;
the resulting pulp in turn is conveyed tc another machine which
transforms it into newsprint. The preservation of this comtinuity in
production is of such importance that many of the larger fims are
vertically integrated.
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Forecasts of future demand for their products are, therefore, important
information in assisting privatz firms to decide on plant location and
also market penetration.

In the past, forecast of future derand for paper and paperboard
products was based not on price but on other variables of which the two
most commonly used were per capita income and population. In the
present section only the main findings of past studies will be
presented; a detailed literature review will be presented in a later
chapter. The common conclusion of studies in the early sixties wes that
the demand for paper and paperboard was insensitive to prics. UNot until
the mid-seventies was there evidence to support that demand for these
products responded to price. Even when the estimated price coefficient
was significant the price elasticity of demand for these products still
proved to.be inelastic. The degree of sensitivity of demand to price
changes still remains in doubt. A determination of the degree of
sensitivity should help clear up scme of the doubts, as well as provide
a basis for projecting future demand.

Similarly, the sensitivity of supply to price changes has also been
in doubt. 1In fact, only a few studies have dealt with this issue. Nomne
of the studies on the demand for paper and paperboard products
considered the interdependence of supply and demand. As a result, the
determination of the eensitivity of supply to price would also be
important information. This information would be useful for the
projection of future supplies. The literature review on the supply

function will be presented in a later chapter.
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1.4 Hypothesis and Objectives

This dissertation will address the problems alluded to in the

preceding section. Specifically, the dissertation is an attempt to test

the following hypothesis for newsprint, other printing and writing

paper, and other paper and paperbtoard in each of these regions = the

United States, Canada, Japan, the European Economic Community, and the

Nordic countries:

1.

4.

If producers in a particular region respond to the influence of
economic factors, the variations in the quantity supplied of each
product in that region will be explained by variations in the price
of that product and the cost of inputs;

If consumers in a particular region respoud to the influence of
ecoromic factors, the variations in the quantity consumed of each
product in that region will be explained by variations in the price
of the product, the prices of its substitutes, aad income;

If producers in each region attempt to maximize their average net
return from the sale of their product to all consuring regions and
consumers in each region attempt to minimize the average net cost of
their purchases from all producing regions, then the difference
between the simulated regional trade flow and the actual flow will be
relatively smsgll; and

Changes in transportation costs and iﬁ the level of any of the
factors explaining regional supply and regional demand will result in
a different set of regional prices, production, consuxption, and

trade flow, if the preceding hypetheses are valid.
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Corresponding to the hypotheces presented in the preceding section the

objectives of the dissertation may be listed as follows:

l. To estimate the supply function of each product in each of the
producing regions;

2. To estimate the demand functioa of each product in each of the
consuming regions;

3. To construct a model, using the above supply and demand functions,
capable cf simulating the historical market behavior;

4. To compare the simulated and actual market behavior; and

5. To project the regional prices, production, consumption, and trade

flow under alternative assumptions of future economic conditioms.

1.5 General Procedure

The selection of the variables to be included in the supply and
demand functions will be based on economic theory and the inherent
characteristics of the products themselves as well as the
characteristics of the market for these products. Once these functionms
have been fully specified, they will be estimated on the basis of
statistical theory and econometric techniques. The resulting estimated
equaticns will be incorporated into a market allocation algoritbm. In
particular, the reactive programming algorithm will be used to Jdetermime
the regional prices, production, consumption, and trede flows. The same
program will be used to trace th: effects of various alternative paths

of future ecomomic growth on the regional magnitudes.
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1.6 Thesis Organization

Tne literature review will be interspersed in the chapters in which
they are most appropriate and relevant. The following chapter presents
the theoretical framework ¢f the spatial equilibrium problem. Chapter
III describes the specification of tne supply and demand relationsnips.
The scope of the study and the fingl estimates of the supply and demand
relationships of each product for all of the producing and consuming
regions are presented in Chapter IV. Chapter V presents a literature
review on the demand for and supply of paper products. A graphical
representation and the mathematical formulation of the reactive program
is presented in that chapter. The method of incorporating the estimated
demand and supply function in the reactive programming algorithm is
presented in the next chapter. Chapter VI also includes a description
of the transportation data, a way of incorporating ad valorem tariffs
into the analysis, and a comparison betweea the actual end simulated
market behavicr. The projections of regionsal prices, production,
consunption, and trade flow is presented in Chipter VII. Fipally the
last chapter, Chapter VIII, presents the summary and conclusions of the

dissertetion.



CHAPTER 11

ANALYTICAL FRAMEWORK

2.1 The Generalized Spatial Problem

The determination o2f the equilibrium price, as well as the
production, consumption, and trade flow, among spatially separated
markets, which 1s the problem at hand, has an ancient history.

"...Tne first explicit statement that competitive market

price is determined by the intersection of supply and

demand functioas seems to have been given by A. A.

Cournot in 1838 in comneczion, curiocusly enough, with the

more complicated problew of price relations between two

spatially separate markets - such as Liverpool and Hew

York."

The formulation of a general theory of location and space, however, had
a much more antiquated antecedence.

Following Ricarde's exposition of the theory of comparativa
advantage, the construction of a general theory of location and space
had been the major undertaking of many eccnomic theorists. These

endeavors resulted in the general equilibrium theory as expounded by

Walras, Pareto, Cassel, and Wicksell and their modern counterparts

1. Samuelscn, Paul A., "Spatial Price Equilibrium and Linear
Progremming," American Economic Review, 42 (3), 1952, p. 283.
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Hicks, Mosak, Lange, Samuzlson, Arrow, and Debreu.2 However, the theory
elaborated by tnese economists did not incorporate space within its
fremework. The incorporation of space within a generalized theory
emerged in the works of the location theorists such as Thunen, Weber,
Palander, Loover, Loesch, Dunn, and Isard, and the international trade
theorists such as Yntema, Chlin, Mosak, Graham, Samuelson, and Kanp.3
Even though these economists were successful in developing a fully
specified conceptual framework, an operational model was not available.

It was not until the development of mathematical programming in the
late 1940's and early 1950's by Koopmans, Dantzig, and others that an
operational model became possible. Building upon their work, Samuelson
showed how the general non-normative problem of partial equilibrium
anong spatially separated markets, as formulated by Znke, could be
converted into an extremun problem. 1In addition, he showed that the
problem of interconnected competitive miarkats contained within it the
Koopmans minimun transportation cost problem.

Since many of the empirical studies on the spatial equilibrium
problem that followed were based on Samuclson's conceptualization of the
problem, a summary of his work is presented in the next section. In the
last section the various attempts of operationalizirg Samuelson's

concept is presented.

2. Takayama, Takashi and George G. Judge, Spatial and Temporal Price and
Allocaticn Models, Amsterdem: North~Holland Publishing Cc., 1971, p.
2.

3. Ibid.
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2.2 Samuelson's Welfare Maximization

Samuelson's insightful contribution to the spatial problem was in
extending the applications of the original Koopmans/Dantzig model on
activity analysis. Whereas the latter assumed fixed regional supplies
and demands Samuelson, instead, assuned them to be variable functions
which would adjust interregicnal shipments in such a way as to maximize
economic welfare.4

Samuelson, the genius that he is, conceived of the solution to the
determination of the equilibirum price for spatially separated markets
in terms of a concept that can be likened to consumer surplus. In the
vein of Adam Smith's 'invisible hands' =- with "...innumerzble atomistic
competitors operate in the background, pursuing th2ir private interests
and taking no account of any centralized magnitude that is to be
maximizr.ed,"5 — a single spatial equilibrium price is determined. For
continuous, smooth, and positively sloped supply and negatively sloped
demand curves, this equilibrium should be stable. This should be so
since, intuitively, arbitragers can be expected to enter the market

should costly cross-haulages prevail.

4. Boyd, Roy G., The Effects of U.S. Damestic Shipping Regulztions on
the North American Luusber Market, unpublished Ph.D dissertaticn, Duke
University, 1981.

5. Samuelsoa (38), p.285.
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To avoid the ambiguicy that is attached to the notion of consumer
surplus, Samuslson terms his measure of welfare as the "social pay-off"
of the region which he defines as "the algebraic area under its excess
demand curve."® Thus far, the price mechanics have been decentralized.
However, the same price determination zan be envisionsd as being
centrally determined if an objeczive function is being maximized. In
particualar, the spatial equilibriu@ magnitudes can be obtained by
maximizing the net social pay-off, which Samuelson defined as the sum of
the social pay-offs of all the regions minus the total cost of
transportation.

The maximization problem is best elucidated for the simple one-
product two-region case. The preblem can be solved graphically using the
back-to-back diagram as illustrated in Figure 2.1. The probler is
simplified further by assuming linear supply ana demand curves. It is
also assumed that unit transportation costs are independent of volume
and distance. The pretrade equilibrium for Regicn 1 and Region 2 are
represented by A and A2 respectively. Acsume that trade is possible

between the two regions and T, is the cost of transporting a umit
he ¢ : 5

volune of the homogeneous product from Region 1 to 2. Since the
pretrade price in Region 2 is higher than that of Region 1 trade will

never flow from Region 2 to 1.

6. op. cit., p.288.
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Trade will fiow from Regionyl to 2 pecause the pretrade price
differential exceeds the transport costs. The solution to the
equilibrium regional prices, production, consumption, and trade flow can
be shown in two equivalent ways. One way of obtaining the solution is to
look at the excess supply curves of the two regions. The excess supply
curve is defined as the horizontal difference between supply and demand
at each price. The excess supply curve for Region 1, ES;, is positively
sloped but negatively sloped for Region 2 (since the difference is
negative with reference to the left quadrant). Region 2's excess supply
curve is also an excess demand curve, ED, or the negative of an excess
supply curve. The equilibrium is attained at R if transportation cocsts
were zero. Since the transportation cost is positive, the final
equilibriuz will occur where the vertical difference between ED, and 351
is preciseiy Ty5» or ST in Figure 2.1. Region 1 will produce P}F, cf
whi ch PiE will be consumed locally, and EF will be exported to Region 2.
Oo the other hand, Region 2 will consume PéG, of which P%H will be
supplied locally, with GH imported from Region l. By comstruction, GH =
EF = P%S = PiT. Region 1 will contirue to export to Region 2 urtil the
price in Region 2 exceeds the price in Region 1 by exactly the unit
transport cost, TlZ’ |

Another way of obtaining the same solution is by using the vertical
difference between the excess.supply curves which is depicted as NN' in

Figure 2.l. This curve is obtsined by computing the vertical difference

(in prices) at each quantity. In essence, the area under this curve
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measures the combined social pay-offs of regions 1 and 2. Since the
social pay-off is defined as the area under the excess demand curve,
Region 2's social pay-off is the area under ED, (in the right hand
quadrant). Region l's socisal pay-off, however, is measured as the
negative of the area under its excess supply. Therefore, the combined
social pay-off of regions 1 and 2 is obtained by subtracting the area

under ES) from that under ED which yields the area under NN'. The

2
trade equilibrium is obtained at the intersection of NN' and T2 at J in
Figure 2.1. Since NN' represents the price differertial for a given
quantity and since the equilibrium will be at a point at which the price
differential is exactly equal to T,, the equilibrium must be at J.
Again, by construction LJ = OM = GH = EF = P&S = PiT- The net gocail
pay-off, defined as the combined social pay-offs less the total
transport cost, is given by the area LIJ which is equal to the area
(ngis + P?P%T) which, in turn, is equal to the area (EAlF + GAZH).

The result obtained above can be generalized to n regions. The
social pay-off for a region, as in the two region case, is still defined
as the negative of the area under the excess supply curve, i.e.,

Si(Ei) = area under th> excess demand curwve

= -foEisi(x)dx
where si(Ei) = P, is the excess supply function
and E, = total exports of region i (to all regious)
The net social pay-off is obtained as the sum of the n separate pay-offs
minus the total transport costs of all shipments, i.e.,

NSP = I Si(Ei) - zi.s:j cij(aij)
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Bacause Ei = E.. + ,.. + Ein’ this (NSP) is a fuanction of all the Ei.'s

il J

and when we have found its maximum we have arrived at the final and
unique equilibirum trade pattern.’

Smith (44), some ten years after Samuelson's article was published,
posed the same Cournot-Enke probiem in a different light. Whereas
Samuelson's net social pay-off did not have any ecornomic meaning
attached to it,8 Smith posed the extremum problem in terms of economic
rent. Smith showed that his economic reat minimization problem is the
dual of Samuclson's maximization problem, differing only by a censtant
term.? Whereas Samuelson integrated over the quantity axis to obtain his
social pay-off, Smith integrated over the price axis ton obtain his
economic rent. This suggest the duality nature of the two problems.
Smith, ir fact, goes on toc show and compare his results to that of

Samuelson's.l0

7. Ssuuelson (38), p. 292.

8. Other than to admit the natural association between social pay-off
and consurer surplus, op cit., p. 287.

9. Smith (44), p. 24.

100 opocito, ppn 29-30.
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2.3 Operationalization of Samuelson's Net Social Pay-off

Maximization Problem

Even though Szmuslson's seminal paper set up the analytical
framewcrk for studying the spatial problex he did not set a specific
technique for a solution. The studies that soon followed were
specifically directed at operationalizing Samuelson's conceptual
problem. It is not difficult to surmise, however, that prccedures which
resulted from these studies had already been suggested by Szmuelson. His
suggestion of an iterative procedure can be found in the following
passage:ll

"...Once the separate pay-cff functions are set up as

areas or integrals of the excess supply curves and once

transport-cost functions are known, a clerk could be

given the tesk of experimentally varying exports so as to

achieve & net maximumn. He could proceed by trial! and

error, always moving in a direction that increased the

net pay-off, and he would ultimately arrive at the

correct equilibriwm."

He also suggested a second procedure, namely quadratic programming, of
solving the spatial equilibrium problem.lz

Probably the first study to operationalize Ssmuelson's conceptual
problem was Fox's (12) study, in which a modified quadratic prograrming

algorithm was used, of the livestock feed economy. Using an iterative

linear programming procedure, Judge and Wallace (24) studied the beef

11. Ssmuelson (38), p. 290.

12. op. cit., p. 290. See his footnote 16 for a general framework of
quadratic programming.
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marketing sector. They assumed fixzed supplies and linear demand
functions. On the basis of an initial set of regional prices, which
could have been chosen arbitrarily but which were instead chosen on the
basis of prevailing market conditions at the time of the study and
theoretical considerations, an intitial set of regional demands was
established. Once the regional prices and demands were set, the
regional trade flow was determined via linear programming (LP) by
minimizing transportation costs subject to the linear comstraints that:
(1) total demand equals total supply, (2) total shipments from the
surplus region does not erceed what is available, and (3) total
shipzents to the deficit regions are met. The dual solution, namely the
shadow prices, to the LP problem was then used to determine the regiomnal
demands for the mext iteration. The iterative procedure was terminated
only when the prices obtained from the dual solution in the lastc
iteration was vo different from the preceding set of regional prices.

Under the assumption that all supply and demand curves are linear
functions of prices the excess supply curves would also be linear
functicns of prices. Thus, a quadratic function in regional prices will
be obtained when the excess supply function is integrated with respact
to price in order to obtain the area umder the excess supply function.
The maximization of a quadratic functicn subject to a linear comstraint
constitutes a quadratic programming problem. Maximizing the sum of the
social pay-offs -~ which are quadratic functions of prices, subject to a

linear transportation cost constraint -~ therefore, makes up a quadratic
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programing probiem. Takayama and Judge (46) have used quadratic
prograzming exclusively as a solution technigque in all of their studies
on spatial equilibrium. In their 1964 (46) article they showed formally
how Samuelson's conceptual problem could be solved using the quadratic
prograrning procedure. Rather than integrate over quantity, as
Sanuzlson did, their solution was obtaiuned by integrating over price as
Smith (44) had done. They further showed how the procedure can be used
to solve the spatial equilibrium problem with fixed supply (demand) and
linear demand (supply) function, and that of multi-product linear
regional demand and supply functions with linear substitution and/or
complenentary terms.

In spitec of the nice mathematical properties of the quadratic
programming algorithm it is limited to a quadratic objective function,
which implies linear demand and'supply functions. EHowever, the solution
cbtained frocm this procedure is assured of being global and unique as
Tekayama and Judge (46) show in their paper. There are other methods of
finding the solution to th: Samuzlson problem. One of these is a
market simulating algorithn called reactive programming (RP) procedure.

Tramel and Seale (51), who developed and nemed the procedure, used
reactive prograrming to study the vegeteble market in Mississippi,
assuning fixed supplies and linear demend functions. They aiso
explained the mechanics of the procedure and presented an illustrative
example. In respond to the criticisms by Takayama and Judge on an

earlier paper, Traumel (52) elaborated on the procedure and answered
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their criticismns point by point. Only two of these criticisms will be
discussed in this study. The first criticise was addressed at the
nonconvergence property of che procedure. Tramel's reply to this
criticism was simply to note the similarity petween the RP process to
that of Hildreth's process; since the Hildreth process had been shown to
converge so would the RP process. In respond to the other criticism -
that &n ivfinite number of iterations would be required to obtain the
exact solution -- Tramel showed several short cuts that could be
utilized and stated that a level of accuracy could be specified at any
desired level such that a solution can be obtained at a reasonable cost
of computer time. This was later confirmed by King and Ho (26). A more
receat vercsion of the program by King and Gumnn (27) is even more
efficient than the original version developed by King and Ho.

The reactive programming procedure is & much more generalized
method of analyzing spatial equilibriun problems 13 and, thus, this
procedure will be sdopted for the present study. Unlike quadratic
programming, tte procedure is not limited to linear regional supply and
demand equations. The latest version of the procedure (27) can handle
the simple transportation model (that is, with fixed supplies and
dema.nds), and the spatial probiem with either linear or log-linear
supply and demsnd functions or any combination thereof. 1In order to

highlight the concepts and mechanics of this procedure both a

13. Tramel (52), p.13 footnote 6.
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graphical and a mathematical formulation of this procedure will be
presented in a later chapter. The remainder of this section presents
the sumaries cf a few past studies that have used reactive programming
to solve the spatial equilibrium problem.

One cf the earliest extensions of the basic reactive prgramming
approach to the spatial equilibrium problem is the study of the market
for winter oranges by Zusman, Melamed, and Katzir (57). They simulated
the market behavior for two varieties of winter oranges under
alternative trade and tariff arrangements imposed by the EEC on the
Mediterranean producing countries. They incorporsted demand equations
which toock account of the substitutability between the two varieties by
including the price of the other variety in the demend equation of each
veriety of winter oranges.l4 This study also contained an elucidation of
the general mathematical model of which the reacfive program is a
special case.

Gemmill's (13) study of the international sugar economy is snotber
extension of the basic reactive programming approach. Besides
estimating the supply equations for 67 major producing countries and
demand equations for 75 consuming countries Gemmill, also studied the
impacts of same thirteen policy alternmatives. King and Gunn (27)

mentioned that Gewmill encountered convergence problems due to the size

14, They also eamphasized the conditions under which this may be done.
Zusman, Melamed, and Katzir (57), pp. 25-30.



- 36 -
(75 x 75) of the problem and the low demand price elasticities for sugar
in a number of countries.l3 Convergence was approached more rapidly,

however, by assuming semi~-logarithmic demand functions.l®

A more recent application of reactive programming can be found in
Boyd's (6) study of the North American lumber marke:. The study focused
on the economic impacts of the Jones Act, which restricts shipping
between U.S. ports to American-owned and operated ships, on the North
American lumber market. The study also includes a lucid explanation of
the mechanics of the reactive programming procedure as explained by both

Tramel and Seale (51) and later Tramel (52).

15, King and Gumn (27), p. 37.

16. loc.cit.



CHAPTER III

SPECIFICATICN OF DEMAND AND SUPPLY RELATIONSHIPS

Introduction

The basis of the economic model for specifying the demand and
supply and demand relationships is presented in this chapter. A brief
literature review of supply and demand relationships for papar products
is presented in the first secticn. In the second section the
theoretical foundatiou of an international mcdel is rresented followed

by the basis of the economic modzl daveloped.

3.1 Literature Review

Same studies of the demand for newsprint hsve incorporated price
while others have not. Only those studies that have included price as
an explanatory variable are discussed in the present section. While
scoe authors, including Muller (32) and Guthrie (14), have specified
newsprint demand equations follewing a cominant-firm price leadership
model, Schaefer (39) has argued that the mewsprint industry approximates

a competitive structure.l Buongiormo (7), Mguyen (34), and McKillop (30)

1. See Schaefer (39) p. 8.
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also assuned a compatitive structure. These latter studies, with the
exception of McKillop's, were only ccncerned with estimating demand and
did not attempt to estimate the supply equation. McKillop had separated
paper and paperboard products into only two categories, namely all
papers and all paperboards. Newsprint was grouped with all other papers
in his scheme. Nguyzn (34), on the other hand, classified paper and
paperboard products into either consumer-oriented or industry-oriented
products; newsprint was categorized as a consumer-oriented product. He
did not specify a newsprint demand equation &s he had included newsprint
in tne groundwood paper group. Schaefer and Buongiorno, however, each
estimated a newsprint demand equation. Using pooled annual data for the
period 1963-1973 for 43 countries, Buongiorno estimated demand equations
for the same three product groups used in the present study. He
estimated a static as well as a dynamic demand equation for all three

product groups. Initially a dememd equation of the general form

Cije = aj + bj¥ir + cjPije + djP'ije * eije
where
Cijt = consumption in kilograms of product j per capita in country

i in year t

Yit = gross domestic product in US dollars per capita of country
1 in year t
Pijt = price in US dollars per metric ton of product j in country

1 in year t

P'ij; = price in US dollars per metric ton of the most divect

substitute for product j in country i in year 2

= random term for cowntry i for product j in

e..
ijt
year t
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was used. Thus, pooled datas was used for estimation purposes. The
estimated equations, however, revealed serious positive serial
correlation for the static demand equatica and a small negative serial
correlation for tne dynamic s=quation. The static and dynamic demand
equations were reestimated using analysis of covariance whereby a dummy
variable was created for each country except one. These estimated
equations are reported in Tables 3.1 and 3.2. The equations in Table
3.1 were estimated using ordinary least squares while those ia Table 3.2
were estimated by analysis of covariance. Buongiorno alco estimeted a
set of equations by grouping the countries into low and high income
countries. These equations are summarized in Table 3.3.

Newsprint is primarily used for the pubiication of newspapers.
About 90 percent of the total is used for this purpose, with the
remaining 10 percent used for handbills, comic books, shopping news
flyers, and other printing purposes where the permanency of the priats
is not required.

The primary comsiderations affecting the demand for newspapers are
the reading habits of the public and the competition of other media such
as‘magazines, television, radio, and billboards for the advertising
dollar. A proxy variable for the reading habits of the public is the
size and circulation of daily and Sunday newspapers. Newspaper
advertising expenditures, although its growth has bzen less than
spectacular when compared to that of television, continues to increase

as the economy expands.

2. Newsprint and other prianting and writing paper were considered as
substitutes for one another. No substitute was considered for other
paper and paperboard, howewer.



Tabte 3.1

Buongiorno's Ordinary Least Squares Estimates of the Demand

for Paper ana Paperbcard Products Using Pooled Data

Coefricients of indepencent variaoles

Moaes ana

rno
product Cemi Ye Pt P'c Coustaat  R? Q i
Static model
Newsprint 1.45 -0.7> 0.20 -4.15 .50 0.72 37y
(oUs)*xk (L16) %% (,12)%* ia.0
Priating and 1.28 -0.47 0.33 -0.bY 0.%o 0.71 274
writing paper (L03)*%x  ( [1)x*x  (,lg)%* 13.8
Other paper l.24 -0.34 -4.15 0.80 0.8 410
and paperboard (.03)%%*  (,09)*** 1.2
Dynaunic moael
Newsprint 0.82 .23 =0.31 0.14 -0.67 G.93 -0.14 373
(a03)*%*  ( p4)*%x  (,Qy)*x*  (,(7)*x 2.0
Printing aad 0.5y 0.15 .12 0.0b V.43 V.97 =G.17 578
writing paper (L02)*%%  (,03)%*x* {,05,%* {.07) 3.3
Other paper 0. 94 0. 0o -0.10 V.37 0.98 -0.12  4iS
and paperboard (L02) %% (Q2)*%x  (,Q3)=¥%% 2.3

Notes: Ré, rho, Q',and f indicaste tie coefficient of determination, tae residual
autocorrelation, tne standardized Von-Neunann ratio, aud tne numoer of degrees of
frecdoun, respectively. Tae figures 1o parenthesis are standard errors OoU the

coefricients., **», %%, % jndicate coefticients siguiricantly greater than or less
than zero at tune 0.Y9, U.¥>, and .ur O.»0 coufidence level, respzctively. C__ » Y

P_ana P' 1ndicate consumption per capita lagged one year (Kg), Lacome p=2r cdpiti

C

($), proauct price (y/ton), the price of the most direct substitute, respectively.

’



- 41 -

Table 3.2

Buongiorno's Estimates of the Demana for Paper and Paperboard
Products Using Analysis of Covariance

Coefficients of inaependent var:iables

Model and rho
product Ct-l Ye P, P'y RZ Q f
Static moael
Newsprint 1.03 -0.0Y 0.12 0.9 0.13 337
(lo)**x (,jQ)***% (,09)% 2.5
Printing ana l.46 -0.40 0.21 0.97 0.22 337
writing paper (la) %k (,08)%*%  (,0g)%* 4.0
Other paper 1.52 -0.3> 0.48 0.38 374
and paperooard (L10) %% {, Qo) *kx* 7.5

Dynamic model

Newsprint 0.13 0.85 -0.60 0.11 0.93 0.01 330
(Uo)*kx (L 1g)*%x  ( ]Q;%%x  (,09) C.1

Printing aud 0. 34 0.33 -0. 36 .17 U.ys  —-U.ub 350

writing paper (0o Fd% ([ 15)*%x  (,07)%%  (,08)%% -1.0

Other papar U.5 0.74 -0.32 Oeys  -0D.U4 373

anu paperboard (0 )%*%  (,10)*%x  (,Q)) %k -0.8

Notes: See Table 3.1
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Table 2.3

Buongiorno's Fstimates of the Damand for Paper and Paperboard
g pe pe

Products Using Analysis of Covariaace and Observations

Strutitied According to Income Levels

Coefficients of independent variables

Moael, product, ) cho
and countries group C,_, T, P, P'. R? Q 3
Static model
Newsprint
fdigh-1ncome 0.8l -0.49 0.34 0.0 O.14 17>
(19)*%%  (,30)% Celg) 1.9
low-income 1.07 -0.72 0.93 0.8y 0.13 158
Cogl)*®sx (Lg1)*%% (1) l.o
Priatinyg aad
writing paper
Higa-income 1.50 -0.13 U.05 0.95 u.23 170
(ata)wes (L.0)% (.17) 3.1
low-1ncoue 1.27 -0.49 0.21 0.88 -0.20 13»
(o20)%**  (,y1)* (.11) 2.5
Other paper
aia paperboard
Higa-income 1.35 -0.17 0.98 0.45 178
(.Qo)¥*k%  (,Q0)*** 5.9
low-1income 1.63 -0.39 0.9 0.36 iva
(oddy*wx (,09) %k 5.3
Dynamic model
News print
Higa-incoue 0.10 0.70 -0.49 0.31 0.07 0.0l 175
CL07)%sx (L19)*a%  (,29)%%  (,Llu)** 0.1
Low-1ncome 0.17 0.3y -0.63 0.02 0.9 0.0z 157
(LOT)*wx (L22)%%%  (, 2)%%*  (,11) 0.2
Printing ana
writing paper
High-income 0.3> 1.01 -0.14 0.11 0.90 -0.10 17>
CoO7)Hkx { j5) %k (,10)% (.16) -1.3
Low-income 0.4l 0.71 -0.44 O.10 0.0 —0.0> 157
(0B *%x (,22)%%%  (,10)%%k%x (,10)* =0.7
Otner paper
and paparboard
Hign-iacome 0.4y 0.72 -0.45 0.98 -0.06 177
(L00)**%  (LQy)*¥k  (,Q4)*%x 0.7
Low=-1ncome 0.50 0.73 -0.37 0.95  -0.06 193
(L0b)*xx  ( yp)*¥%  (,Qn)%k* 0.7

Nctes: See Table 3.1
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Muller had estimated a newsprint demand equation for total North
America, that is Canada and the United States combined, as a function of
relative prices, the circulation of newspapers in the United States, and
United States

gross national product in constant 1958 dollars. Commenting on
Muller's (32) work Schaefer (39) argued that although Muller's demand
equation may have been sstisfactory for sinmulation purposes it was still
seriously misspecified. Schaefer saw four problems with this
specification.3 First, since the demand for newsprint is a derived
demand -- the output price, the price of newspapers, and advertising
price should have been included. Secondly, acdvertising expenditures,
instead of gross national product in constant dollars, should have been
used as a general demand shifter since the data were svailable. Ia the
third place, Muller should have adjusted the circulation variable to-
account for the different circulations, frequency, and size of daily and
Sunday newspapers. Finally, separate United States and Canadian
newsprint demand equations should have been specified in order mot to
obscure the above relationships if they differed tetween countries.
Schaefer justified the last criticism on account that 30 percent of
Canada's newsprint output dces not zo to the United States. Correcting
for these problems Schaefer reported a constant elasticity demand

equation (from his previous work)

3. Schaefer (39), p.518.
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USNPC = 6.176 + 0.07533 CIRCA + 0.6628 ADV - 0.3299 XP
(9.36) (0.95) (8.75) (=5.60)

+0.1197 Jp + (0.3283 ADRT
(1.30) (2.08)

where R2 - g, 9931
DW = 1.37
t-statistics in parenthesis
USNPC = US consumption of newsprint;

CIRCA

adjusted US daily circulation;

ADV = advertising in US newspapers deflated by millire
rates;

XP = US dollars price of newsprint derived frxm shipments
dat a;

JP = US price index of delivered; and

ADRT

adjusted milline rates for newspaper ads.

The cdemand for printing paper is influenced by the writing and
printing needs and habits of business firms and the public, by
technological developments in paper-using equipment such as duplicating
machines, billing procedures, and electronic computers, and on the
general growth of the economy. Like newsprint, the demend for printing
paper is a derived demand.

Only two studies have estimated the demand for printing paper --
that of Nguyen (34) and Buongiormo (7). 1Imn McKillop's study printing
paper was considered as part of a broader paper category. Nguyen,
however, separated printing and writing paper into two groups. He

estimated separate demand equations for priuting paper and for writing
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paper, using log-linear demand equations and annual data covering the
period 1956-1975. Since a positive but statistically insignificant
price coefficient for book (printing) paper was obtained, Nguyen did not
include price in the final equation. The price coefficient for writing
paper was found to be statistically sigrnificant at the 20 perceant level
of significance, however. Nguyen reported the following equation for
bock paper:

Qt = 5.754 + 1.480 DI, - 0.259 T
(0.91) (2.85) (~0.32)

where R2 _ g g7
t-statistics are given in parentheses
n (sample size) = 20
DW = 1.05
Qt = per capita apparent conmsutption in year t

DPI = per capita disposable persoral income in constant dollars
in year t

T = a time trend vavriable.
All of the variables were expressed in natural logarithms. He also
reported the following equaticn as the demand for writing paper.

Q: = 8,180 - 0.773 Pt + 1.496 DPI - 0.267 D
(3.46) (~1.49) © (6.47) t-4.44)

1
where R2 o .93
n (sample size) = 20

DW= 2.02

Pt = wholesale price index deflated by the GNP implicit
deflator in year t
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Nguyen did not indicate .an explanation for variable D,- His estimate of
the price elasticity for writing paper was 0.77.
Boungiorno reported the folliowing equation for printing paper on
the basis of analysis of covariance:

Ct = 1.46 Y, ° 0.40 Pt + 0.21 P!
(13.3) (5.00) (2.63)

T
where R2 - g, 97
rho, first order autocorrelation = .22

t-statistics are in parenthesis;

Ct = printing and writing paper consumption in kilograms per
capita in year t;

Pt = price.of printing and writing paper in year t;
Pl . . .
t = price of newsprint in year t; and

Y. = gross national product in US dollars per capita in
year t.

Buongiorno also found that there was a significant difference between
the demand for printing paper when low and high income countries were
distinguished (see Table 3.3).

The demand for paperboard, the third product category, is
influenced by the needs of businecs firms for packaging msaterials; the
possibilities of substituting paperbcard contsainers for wooden, metal,
or glass containers; the substitution of plastic film for paperboard;
and the general level of economic activity. The enormous growth
experienced by the paperboard industry is mainly attributed to the
versatility of paperboard as a contairer. Almost all durable goods =~

canned, packaged, and bottled foodstuffe, fruits and vegetables, and
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household supplies -- are shippad from manufacturers and processors to
retail outlets in corrugated shipping containers.

Only two of the studies already cited, that of Buongiorno and
Muller, estimated demand functions for the same paperboard group as used
in this study. Muller (32) also considered other paper and paperboard
as a single category but estimated a demand equation based on a "tariff
limit price" mod2l which explicitly recognizes tariffs as a substitute
for the domestic product. Using the average tariff end the exchange
rate, an index of landed prices for U.S. fine paper and paperboard was
calculated. This index was used as a price for compecitive products.
Using annual data for the period 1956-1969 Muller reported the following
equation:

Ct = - 0.4027 L 0.3499 P; + 0.00929 Y
{2.01) (1.79) (52.49)

where R2 = .99
t-statistics are given in parenthesis

Ct = value of shipments of other paper and paperboard
products, deflated by P;

Pt = industry selling price index for other paper and
paperboard products (f.o.b. mill basis) (19€1 = 1.0)

Pé = index of import limit price for other paper and
paperboard products Canada (1961 = 1.0)

Yt = real gross nztiomal product in 1961 Canadian dollars.
McKillop chose to exclude any kind of paper from his paperboard group.
Nguyen specified demand equations for more specific paperboard products.
He estimated separate demand equations for containerboard, boxboard,

packaging and other convarting paper, and construction papzr and board.
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Whereas Muller took account of the substitution for competitive
products for paperboard, Buongiorno did not in his demand equation (see
Table 3.2 and 3.3). He obtained the follcwing equation from an analysis
of covariance using pooled data (see Table 3.3)

c, = 1.52 Yt -0.35P

tos.2) ¢ o(s.83) F

where t-statistics are given in pareantheses
RZ = .98
rho, first order autocorrelation = 0.38
Although there have been several empirical studies of demand for
paper and paperboard only one study has incorpcrated the supply side of
the market. McKillop (30) estimsted a supply function for two separaste
categories: all papers and all paperboards for the United States.
Since there are no other studies for comparison, McKillop's estimates of
supply elasticities will serve as a guide in evaluvating the estimates
found in the present study. McKillop reported both interval as well as
point estimstes of these elasticities. His interval estimate of the
price elasticity of paper ranged from -0.1 to 0.5 with the point
estimate occurring at the lwwer bound. The interval estimete of price
elasticity for p;perboard ranged frar 0.1 to 0.6 with a point estimate’
of 0.4. These estimeces will be referred to again after presenting the

estimated supply functions for the three product categories.
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3.2 Model Specification

This section presents the basis for specifying the supply and
demand relationships. The section is divided into three subsectiomns. A
description of two models of international trade is presented in the
first subsection. Subsection two presents the model used in specifying
the supply and demand relationships. Finally, the last section

describes the market characteristics for paper.

3.2.1 International Trade Models

International trade models have sometimes bzen categorized into
either 'traditional flow' models or 'spatial equilibrium' models. Both
of these categories of models specify import ard export equations; the
distinction lies in the determination of the trade flgws. With a
constant share matrix being the norm, an input-output-like trade-shares
matrix is used to determine the trade flows under the traditionmal flow
approach. Varients of this basic model have been devised; the models
differ only with regard to the selection of trade flows and variations
7 in the coefficiente of the trade-shares matrix. On the other hand,
trade flows in the spatial, or interregional, equilibrium models are
determined via the optimization of an objeccive function. This latter
approach has been widely used for the study of international trade for
many products, while the former approach has been used mainly for the
study of total (that is, all products are lumped together &s a single

commedity) trade flows.
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A spatial equilibrium model generally describes a competitive
economic system, utilizing a set of equations that include aggregate
demand and supply for one cor more commodities, the distribution of
activities over space, and the equilibrium conditions. A spatial
equilibrium model iz nothing more than an extension of an economerric
model wherein the flows are determined via a programmning algorithm
whereas in the pure econometric model the flows are determined
endogenously within the model via a set of 'flow' equationms. A crucial
assunption in the spatial equilibrium model is that of a homogeneous
product; that is importers do not differentiate the product from its
origin of supply.4 The design of a spatial equilibrium model requires
the specification of regional supply and demand equatioms as well as a
programing algorithm for determining the equilibrium distribution of
the product. The programming algorithm used in the preseat study is

explained in the next chapter.

3.2.2 The Economic Model

In this study producte are considered homogeneous and consumers do
not differentiate the product by the source of origin. Consumption can
be defined as the sum of production and imports minus exports since the

product is horzogeneous across regions. Since the regions being

4. Armington (3), however, has developed 2 theory of demand for which
products are differentiated by their source of origin. In other words
importers notice eith:r quality or technical differences in the
product from different sources.
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considered are either met exporters or net importers the relevant price
for each regions is the unit valuve of exports (FOB) and unit value of
imports (CIF), respectively.? Assume that each region is small and
unable to influence the world price (a small country-case). |

For a net importing region (Figure 3.1) the relevant price for
decision making is the import price P (CIF) which is determined by
world demand and supply and transportation costs which differ by country
location. Initially assume that S represent the domestic supply curve
and D the demand curve. As far as the importing region is roncerned the
supply of impcrts at that price is almost perfectly elastic since it

cannot affect the world price if it were to import more of the product.

At the given world price P ,(CIF) domestic profit maximizing producers
produce Q. yhile consumers demand Qg at this price. The assumption is
made that when the price of the domestic output is identical to the
price of imports consumers tske up ali domestic production at that
price, imports being the residual. Alternatively it might bte assumed
that the domestic product is marginally of better quality or more
conveniently avajilable than imports, so that it is this marginal
difference which creates a preference for the former when the prices of
the two are the same. In other words, the effective supply curve of the
preduct for the importing region is ABEC. Notice that shifts in the

domestic supply and cGemand curves (to S' and D') do not affect the

5. Buongiorno (7) has shown that there is a strong correlation betweesn
unit value of imports or exports and domestic prices.
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Figure 3.1

Price Equilibrium for a Net Importing Region
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import price, they only affect the quantity of imports; imports decrease
from Qst to Q5Q'a. However, simul taneous shifts by all producing and
consuming regions may affect the world price; hence shifting the import
supply curve for an individual net importer.

A symmetric situation exist for a net exporting country (Figure
3.2). The ruling price in this case, however, is the export price (FOB)
which is determined by world supply and demand and transportation costs.
The domestic supply and demand curves are represented by S and D,
respectively. The demand for the country's exports is represented by
Pw(FOB). For an exporting region, moreover, the foreign demand of its
export is almost perfectly elastic so that the effective demand curve
for the region is FGJH; or altermatively the export supply curve is
perfectly elastic at the world price. At this price producers produce
Qs wnile consumers demand Qd of the product. It is assumed that wien
the domestic and world price are identical that producers supply Qg
exporting Q4Gs with the residual going to the local market. A similar
analogy to the case of the net importing country can be mace here. When
the domestic price equals world price, in the eyes cf lccal producers
the local market is marginally more competitive in terms of distribution
since less paperwork and other transaction costs are involved. This
marginal difference creates a preference for producers to ship to the

local market first. Here too, shifts in the domastic supply and demand

curves (to S' and D') do not affect the export price; only the volume of
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Price ®%quilibrium in a Net Exporting Region



- 55 -

exports is affected. An increase in demand and a decrease in supply
will reduce exports leaving the world price unaffected; exports decrease
from Qsqq to Qsqd.

The specification of the regional supply and demand equations will
be presented in sections four and five, respectively, of this chapter.
But before presenting the specification of these equatioms, a
description of the market for paper and paperboard products is
appropriate at this time. The description should clarify why the supply

and demand equations are specified as they are in the present study.

3.2.3 The Markets for Paper and Paperboard Products

The market for paper and paperboard products is very much
international in character. Although the major trading partmners of
paper and paperboard products involve only a few regicns, trading is
transacted among many countries. On the North American continent,
Canada tends to be the exporting region, with the United States
absorbing most of Canada's exports. For example, two-thirds of the
domestic newsprint needs of the United States is supplied by Canada. At
the same time Canada also exports to Europe and Latin America. On the
European continent, the Hordic countries tend to be the exporting region
with the European Economic Cammunity being the importing region. The
Nordic countries also export xx;inor quantities to the United States and

Latin America.



- 56 -

While the following description is specific to the United States'
paper &and paperboard industry the general features of the market are
applicable to ‘the markets in other regions as well. The description
draws heavily on Slatin's (42) excellent pa;:er.6

In general, the merkets ft.)r paper anc paperboard products are
competitive in nature. In other words, no one region or country is able
to exert a significant influence on the world prices of these products.
In the 1520's and 1930's companies corcentrated on a single line of
production. There were newsprint, writing paper, bag paper, and
paperboard companies with oaly a few companies operating in more than
one major sector of the paper and paperboard industry. The trend toward
vertical integration which began in the late 1930's partly reflected the
development of Southern Pine as pulpable wood, which led the industry to
integrate pulp production with paper and paperboard production. A
similar trend towards integratiocn developed in the 1950's; producers of
containerboard chose to integrate forward into the manufacture of
corrugated shipping containers. New technology that permitted the
pulping of chips, slabs, edgings, and similar wcod residues of other
forest industries, brought same of the largast luuber companies into the
paper industry. These companies were mainly located in the Pacific

Northwest, and, in scme instances, built new pulp and paper mills.

6. Slatin, Benjamin, "Economic Structure of the Paper Industry," Tappi
58(7), 1975, pp. 54-67.
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Paper is used daily by mary in the Unized States and many parts of
the world and is such a cowmon commodity that the majority of people
never give it a second thought. Paper is sctill the most prevaleatly
used material in the administration, both internally and extermnally, of
industry, commerce, and govermment. The introduction of computers and
word processors has somewhat reduced the volume of manual clerical work,
but even these machines require paper to disseminate the iaformation
they produce. The printed word still dominates the spread of knowledge
throughout the worid. Despite the iatrcduction of television,
newspapers and periodicals still play a major part in the spreading of
news and information. In the packaging field, paper and paperboard used
for the production cf wrapping and packaging matarials are still of
vital importance to ensure the safe passage of.goods throughout the
world, although it is recognized that the use of man-made synthetic
materials is steadily increasing. t the sane time, the recent
shortages in oil have stimulated the substitution of paper producte for
these petroleum-based synthetic materials.

A discussion of the production process in the paper industry may
identify scme of the econcmic variables required in the specification of
the supply function. Most of thz major companies in the paper industry
own extensive acreage of forest lands, but the paper industry depends
upon fee-simple lands for only a part of their wood requirements. The
rest comes from privately cwned commercial forest lands as well as from

public-owned forest lands. Originzlly, only northern softwnods could be
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pulped. By the 1930's the industry was pulping Southern Pine, which
opened up new forest areas to pulpwood production. 1In the 1950's,
bleached pulps were made from Southern Pine and, in the Northwest, from
Douglas Fir and other species indigenous ro that area. These expanding
sources of pulp led to industry wood costs that were among the lowest in
the world. The expansion in pulpwood sources during the period of 1930
through 1960 led the industry to coacentrate on wood as its major source
of fiber and shift more and more away from recycled fiber, such as
cotton and linen rags. More recentiy, under the impetus of
envirommental problems in the area of solid waste, the industry has
shown a rekindled interest in the use of waste-paper as a source of
fiber, but wood fiber continues to be the major source of pulp furpish.

Next to wood pulp, water is another ingrediezt in the manufacture
of paper. It takes about 50,000 gallons of water %o make a tom of
paper, so that the availability of water is an important element in the
selection of a new mill site for pulp and paper operations. Its heavy
use of water makes water pollution e major problem of the paper
industry. In 1973 the industry spent about half a billion dollars on
capital equipment for water and air pollution abatement. The industry
is alsc a heavy user of chemicals and minerals.

The paper industry also is a major user of electric energyv. In
fact, most of the large integrated pulp and paper milis not only produce
their own electricity but may also sell some as well. It is also the

largest user of residual oil and the fifth largest user of all fuels in
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the country. Power requirements vary from region to region, however.
Paper and paperboard mills in the Northsast use wastepaper as their
major furnish, while the integrated pulp and paper mills in the Southern
and Pacific Regions have larger power requirements. While the Pacific
Region normally rely on imported fuel, the Southern Region relies on
domestic fuel.

The paper industry relies heavily on railroads both for bringing
raw materials to the mill and for shipping the finished products to the
customer, or to the next stage of production. If both incoming and
outgoing freight are considered, the paper industry supplies 10 percent
of the total freight revenuss of the nation's railroads. Waterways and
trucks are also used as a means cf transportation, where the latter is
more important in the comverting sectors.

Wages, salaries, and supplements account for about one-third of the
total costs in the paper industry. This proportion has held since the
postwar period. Wage rates and productivity have moved along with the
national trend. The gains in productivity can be traced back to the
rising averaga education attainments of the industry's employees and
heavy capital investments. Although raw materials, labor, a<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>