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PREFACE

The seed that eventually grew into this dissertation was prob-
ably planted by my former teacher in trade theory at Berkeley,
Ernest Nadel, when he asked on an examination why small countries
have larger trade shares than big countries. One or two years
later, when playing with a two-factor, three-good trade model,
I found the somewhat unexpected answer that a growing country
which devotes a larger share of its resources to its non-traded
sector may find its trade share to be increasing. This result
provided the actual starting pcint - and is now a mere footnote
on page 134, Another more general factor that initiated the
work on this dissertation is my interest in problems of growth,
allocation and trade, which was stimulated by my teachers and
thesis advisers, Karl G. Jungenfelt and Karl-Gdran Mdler.

Students of international trade theory will reccgnize
that models used in chapters 1, 6, 7 and 8 draw on work by
Ronald W. Jones, particularly his 1965 article "The Structure
of Simple General Equilibrium Models" in Jceurnal o Peiitical
FEeonomy and his 1974 article "The Small Ccuntry in a Many-
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The first two thirds of my work was carried out at the
Stockholm School of Economics, the last third at the Institute
for International Economic Studies. I regard it as a privilege
to have worked at both institutions. Many colleagues have con-

tributed generously in various ways. Lennart Ohlsson gave



constructive comments on an early version of chapters 2-5.
Others whose help is easy to pinpoint are mentioned at the
beginning of the chapter to which they contributed. However,
the most important contributors are only mentioned in this
preface, although they improved on all chapters. I am very
grateful to Karl G. Jungenfelt, Karl-G&ran Mdler and Lars
E.O0. Svensson for long discussions and many corrections and

useful suggestions.

Less specific but important moral and intellectual
encourajement was given by Lars Bergman, Ronald Findlay,

Assar Lindbeck and Staffan Viotti.

My manuscripts were typewritten by Margareta Blomberg,
£dda Liljenroth, Kerstin Niklasson, Monica Peijne and Ann-
Marie Soler with care, patience and much-needed speed. The
main burden fell on Kerstin Niklasson and Monica Peijne,
who shculdered it with characteristic graciousness. Birgitta

Eliason took care of the printing arrangements very efficiently.

(

ALl the figures (except figure 5.1 and 7.1) have been expertly

drawn by my mother, Frymeta Flam.

Financial support from Jacob Wallenbergs Fond and from
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CHAPTER 1 INTRODUCTION AND SUMMARY

[u)

.1 THE QUESTIONS

- Are the standard Heckcher-Ohlin model and its accompanying

theorems useful tools for empirical studies?

- What hypotheses about Swedish post-war growth, allocation
and trade are generated by a standard Heckscher-Ohlin model

with two factors and three goods, one of which is non-traded?

- Are the model's predictions borne out by simulations with a
particular and widely used many-sector, quantitative, general

equilibrium model of the Swedish economy?

These are the main questions asked in the study. They
will be specified and explained further in section 1.3, which
is an outline of the study and where the main results are
reported. The relation of the study to the literature is
briefly discussed in section 1.4. But first, in section 1.2,

it is necessary to outline the theoretical framework.

1.2 THE HECKSCHER~OHLIN MODEL

The standard Heckscher-Ohlin model with two countries, two
goods and two factors is a particular kind of general egui-
librium model. One feature which sets it apart from more
general models is the assumption that each country faces given
prices on the world market. World market prices are determined
by equating supply and demand of the two countries. Another



particular feature is the focus on factor endowments and factor
proportions. The assumption of given prices makes production
independent of domestic demand, while trade depends on home
demand also. Hence, the Heckscher-Ohlin model is sometimes
labelled "production model". It is differences in factor endow-
ments between countries and differences in factor proportions
between goods which is the basis for three of the four basic
theorems of the Heckscher-Ohlin theory, and which has earned it
the alternative name "factor proportions theory”. The three
theorems are the Heckscher-Ohlin [19191[19331 theorem, the
Rybezynski [1955) theorem and the Stolper-Samuelson [1941]
theorem. The fourth basic theorem is the factor-price equalzi-
zation theorvem (Samuelson [1949]).

1.2.1 The basic model

The Heckscher-Ohlin model which we will outline here differs
from the standard two-factor, two-good, two-country model in
that the number of produced and tradable goods is not restricted
to two. Another difference is that we introduce a non-traded
good, i.e. a good which is produced and consumed domestically

in the same quantity.12

Assume that capital, K, and labor, L, are the two factors
of production, that they are perfectly mobile between sectors
but cannot move across the border, and that there are constant
returns to scale in production and no joint production. Goods

can be ranked by capital intensities in the way shown in

! The terms "tradable" and '"non-traded" will be used throughout the study.

In the theoretical models of this chapter and chapter 6 and 8 they imply
some inherent difference between goods in the degree to which they can
be traded internationally and which we do not specify. In the empirical
context of chapters 3-5 '"tradable" simply means that the good is being
exported and/or imported and "non-~traded” that it is not.

The presentation draws much on Jones [1974]. A difference is that we
assume the same technology in the small country and the rest of the
world as the rule. Also, Jomes does not consider the case of more
tradable goods than factors being produced at any one time.
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figure 1.1. Note that we assume that the ranking is independent
of the wage-rental rate w/r, i.e. there are no factor intensity

reversals.

Figure 1.1

Wi

Which goods a country will produce depends on the set of
technologies, world market prices, and the country's factor
endowments. (It will also depend on the extent of demand for
and production of non-traded goods, but for the moment we
abstract from the existence of non-traded goods.) To see this,
consider figure 1.2, which shows the position of the unit-value

isoguants in the XK-L space.

Figure 1.2

K




As we have drawn the unit-value isoquants, there are
combinations of prices and technologies such that three goods
can be produced at the same time: goods 2, 3 and 4, or goods
4, 5 and 6. It is common to argue that with given prices and
technology there will be a tendency to produce as many goods
as there are factors, i.e. two in this case. It would be
accidental to have the wage-rental ratio in figure 7.2 tangent

to more than two unit-value isoquants.

This argument is based on the observation that the system
of cost functions will be over-determined, and fails to con-
sider that the given prices are eguilitrium prices for trading
countries. Assume for a moment that the world economy is in-
tegrated, with goods and factors perfectly mobile. The number
of goods produced in such an integrated economy will be
determined by demand, and may well exceed the number of
factors. The difference between a world economy and a small
country is that prices adjust in the former, so that costs
may equal prices for a larger number of goods than factors.
Now, drop the assumption of complete integration and let the
worid be divided into regions, with factors of production
immobile across regional boundaries. It is fully possible that
many regicns will produce more goods than factors, if technology
is the same. This possibility is greater the more equal are the
factor endowments between regions. The argument that in a
trading world the given prices are equilibrium prices, and that
therefore the situation of having more goods produced than the
number of factors is not merely accidental, is made by Dixit
and Norman [1980). In what follows we will assume that there
is a certain degree of specialization among regions or countries.
In terms of fijyure 1.2 some countries will only produce good 1
and 2, some only good 2, 3 and 4, and some only good 4, 5 and
6. Consequently, factor prices are not equalized between all

countries, but only between those which produce the same goods.



Given a situation as pictured by figure 1.2, it is the
small country's factor endowments which determine which
goods may be produced. If the endowment capital-labor ratio
lies between D and F, goods 2, 3 and 4 may be produced. When
the number of goods is greater than two the allocation
between the goods is Zndeterminate; there exists a oreat
number of allocations which keer the factors fully emnloyed.
But if only two goods are produced, sav 2 and 3, then the

allocation is determinate. In this case it is still necessary

that the endowment capital-labor ratio lies between the goods

capital-labor ratios, i.e. between E and P.

We note that domestic demand is without influence on the
allocation. The range of possible outputs is determined by
given output prices, technologies and factor endowments. In
the case where more goods are produced than the number of
factors the allocation is indeterminate. It is determinate
when only one or two goods are produced. The possibility and
necessity of complete specialization arises when the factor
endowment capital-labor ratio is northwest of A, between C and

D, between F and G and southeast of H in jigure I1.2.

World prices of tradable goods, technology and factor
endowments also determine factor prices. It is clear from
Ffigure 1.2 that, at given goods prices and technology, there
exists a monotonic relation between the factor endowment
capital~-labor ratio and the wage-rental ratio. As the endow=-
ment ratio moves from a low value at H to a high value at A
the wage-rental ratio rises. In the intervals GH, DF and AC
the relation is not strictly monotonic. It is only when there
is complete specialization in production, in the intervals FG
and CD, that the wage~rental ratio rises continuously as the

endowment capital-labor ratio increases.
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An alternative way of depicting the relationship between
the endowment capital-labor ratio and the wage-rental ratio,
when goods prices and technology are given, is shown in
figure 1.3. Numbers and letters correspond to those in

figure 1.2.

KA

As we move from left to right along the K/L axis we see
that the wage~rental ratio w/r increases in steps, as depicted
by the heavy line. When there is incomplete specialization, as
between H and G, ' and D, and C and A, the factor prices are
tied to the world market prices for goods. Otherwise the
wage-rental ratio rises continuously when the capital-labor

ratio is increased.

Note the implications for resource allocation as the
endowment capital-labor ratio is increased. Between the origin
and H there is complete specialization in the least capital
intensive good 1. The increased capital abundance is absorbed
by substitution of capital for labor in production. But as

soon as point H is passed and some of good 2 is produced as



well, the wage-rental ratio is constant and there is no sub-
stitution of capital for labor in production of any single
good. Increases in the endowment capital-labor ratio are ab-
sorbed by increased production of the relatively capital
intensive good 1. This is known as the Rybczynski [1955]
effect. Eventually production of good 1 ceases altogether,

at point G, and there is complete specialization in good 2.
The wage-rental ratio rises until it permits production of
good 3 and 4, in addition to good 2. As we move from point T
to point D along the K/L-axis it is no longer possible to say
precisely how the outputs of 2, 3 and 4 will be affected.
However, to the right of E output of good 4 must be increased
to absorb increases in the endowment capital=-labor ratio. In
an average and tautological sense it is of course true that
the combination of outputs must become more capital intensive

as we move from F to D.

1.2.2 Introduction of a non-traded good

Next, we modify the model to include a commodity which is
not exported or imported. We let good 5 in the previous
figures become a non-traded good. The modification has two
important effects. One effect is on the factor prices. Now
these are also determined by the demand for the non-traded
good, in addition to the endowment, technology and world
market prices on tradable goods. The other effect is on the
extent of tradable goods production and on the allocation
within the sector producing tradables. In particular, the
capital intensity of the non-traded good becomes important.
{However, we could have chosen any good as being non-traded;

the argument would not change in principle.)

Figure 1.4 helps to illustrate the effects on factor
prices and allocation of letting good 5 be non-traded.



The heavy line now depicts the preducticn of iradables
at different wage-rental and endowment capital-labor ratios.
Assume that the given endowment capital-~labor ratio is k. If
only the non-traded good is produced the wage-rental ratio is
at §1. The production of the non-traded good uses capital and
labo; in exactly the proportions given by k {(cf. also Filgure
I.4%). If now demand for the non-traded good is decreased, some
resources are released for production of tradables, and there
will be excess supply of capital and excess demand for labor,
since at the wage~rental ratio Gl only tradables which are
less capital intensive than the non-traded good can be
produced. The wage-rental ratio will therefore rise, so that
substitution in production of capital for labor makes both
factors fully employed. Initially only one tradable is pro-
duced, good 2. As more resources are shifted from the
non-traded to the tradable sector, the wage-rental ratio
eventually permits production of goods 3 and 4, in addition
to good 2. Now the excess supply of capital released by the

non-traded sector is absorbed by reallocation, instead of by



substitution. The composite tradable commodity becomes in-
creasingly capital intensive, until only good 4 is produced.
At the wage~rental ratio GZ the endowment capital-labor ratioc
exactly matches that of good 4, and no production of the non-~
traded good takes place. (This corresponds to a point between

C and D in figure 1.2.)

1.2.3 Trade

We have now outlined a Heckscher-Ohlin model of production,
but have said nothing about trade. To do so, it is necessary
to introduce domestic demand for the goods. We make the
assumption that it is homothetic and identical with that of
the home country's trading partners. This assumption is made
to assure that demand does not reverse the trade pattern pre-
dicted by the Heckscher-Ohlin theorem. At the given prices on
tradables the bundle of consumption goods is assumed to have
the factor proportions shown by the ray from the origin §c

in figure 1.5.1 The figure is a replica of figure 1.2, excent
that good 5 is eliminated as it no longer is a tradable good.

Figure 1.5

x|
(2]

3
~F 2\‘*
G\~ 1
N\ H —

L

! This is not strictly true for all countries. Since factor prices are not

equalized, the same good may be produced with different factor proportions
in different countries, as for example good 2 and &4 in_figure 1.5. The ray
ke is therefore not well defined; one should consider k. to be a narrow
band rather than a line.
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The country is defined to be capital (labor) abundant if
its endowment capital-labor ratio is higher (lower) than that
of the rest of the world. The Heckscher-0Ohlin theorem states
that a capital abundant country will export capital intensive
goods and import labor intensive goods.l In terms of figure
7.5 this means that the bundle of produced goods is more
capital intensive than the consumption bundle. But note that
we may not be able to say which goods will be exported and
imported, and in what quantities. The total number of produced
and consumed goods in the world economy as a whole is five,
i.e. it is higher than the number of factors. Given preferences
and the level of income we know the composition of the con=-
sumption bundle, as well as the quantities consumed. But the
endowment ratio may be such that three tradables are produced,
good 2, 3 and 4. Production then is indeterminate, and, thus,
so is the trade pattern.

The standard 2 x 2 x 2 model, on the other hand, gives a
determinate solution for production and trade. Assume that
only goods 1 and 2 are produced and consumed in the world
economy. A capital abundant country will then export good 2
and import good 1.

In this case there will also be factor price equalization
among the trading countries (assuming incomplete specialization).
In contrast, factor prices are not equalized in the situation
depicted by figure 1.5. A capital abundant small country will
produce good 4 and 6 at a higher wage-rental ratio than a
labor abundant country which produces good 1 and 2.

1.2.4 Changes in exogenous variables

This completes the description of the Heckscher-Ohlin

model which is the basis of the present study. But to better

We make the assumptions that (i) goods are freely mobile internationally,
(ii) factors are perfectly immobile intermationally, (iii) all indivi-
duals have identical homothetic preferences, (iv) production functions
are the same in all countries and exhibit comnstant returns to scale

and no joint production, and (v) there is perfect competition in the
goods and factor markets.



understand the design of the study, which is presented in the
next section, we must summarize the exogenous and the endo-
genous variables of the model, and complete the analysis of

how the exogenous variables affect the endogenous variables.

Exogenous variables are: (i} factor endowmerts, (ii)
technology, (iii) preferences, and (iv) prices on tradables.
As endogenous variables we have: (i) allocation in the tradable
sector, (ii) relative size and pattern of trade, and éiii)

factor prices.

We have already indicated the effects of‘changés in
factor endowments and in the demand for the non-traded good.
It therefore remains to briefly analyze how changes in tech~
nology and prices on tradables may influence the endogenous
variables in the model. For simplicity we hold demand (and
output) of the non—-traded good constant in the analysis. The
consequences of subseguent changes in demand are commented on
at the end of the discussion. We will consider technical
progress in good 4 in all countries such that the amount of
capital and labor required to produce one unit of output is
reduced. In terms of the unit-value isoquants in figure 1.6
this means that the good 4 isoquant is shifted towards the
origin. Note that such a shift also can be interpretéd as a
rise in the price of good 4. Such a price rise could also
result from a rise in a domestic tariff on good 4. Hence, in
effect we consider the effects of a price change, a tariff
change and a change in technology simultaneously.l Because
of the inward shift of the unit-value isoquant of good 4,
the segment AC becomes steeper, i.e. the wage-rental ratio
rises in this interval, and the segment DF becomes flatter,
i.e. there is a fall in the wage-rental ratio in this interval.

As a result of the change in factor prices, good 3 becomes too

1 F . : . . .
This is not strictly true for a tariff change, since no consideration

is taken of the change in tariff income and its consequences.
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costly to produce (the wage-rental ratio now lies below good
3's unit-value isogquant). (Presumably, if good 3 is considered
essential in demand, prices on the world market will move in

such a way as to permit production of good 3 again.)

The effects can also be studied in figure 1.6 below.

Figure

wh

The fall of the wage-rental ratio in the FD interval and
the rise of the ratio in the CA interval increase the scope
for complete specialization in good 4; the interval DC is ex-
panded to D'C'. At the same time there is less scope for in-
complete specialization in good 2 and 4 (good 3 is dropped)

or in good 4 and 6.

If the endowment capital-labor ratio initially lies
between D and C on the K/L-axis, there will be no change in
factor prices. Assume that the ratio initially lies in the
C'A interval instead, and that the country is capital
abundant so that it exports good 6 and imports good 4. Let
the inward shift of the unit-value isoguant of good 4 depend
on a price rise. We see that the consequence is a rise in the
price of labor, which is the intensive factor in the import-
able good. This is the Stolper~Samuelson [1941] effect. RAlthough
it is not shown in the figure, a rise in the wage-rental ratio

will also make the output of the exportable good contract. The



13

reason is that the change in factor prices sets off substi-
tution in production of capital for labor. In order for both
factors to be fully employed there must be increased production
of the labor intensive good and decreased production of the

capital intensive good,

Throughout the analysis of changes in factor endowments,
technology and »rices on tradables we have disregarded
"secondary"” effects through changes in the demand for the
non-traded good. As mentioned earlier, changes in the amount
of resources allocated to the non-traded good will affect the
endowment capital-labor ratio in the tradable sector and,
therefore, they will change allocation in the tradable sector,
if there is incomplete specialization, or factor prices, if

specialization is complete.
1.3 AN OUTLINE OF THE STUDY AND A SUMMARY OF THE MAIN RESULTS

The study consists of three parts. The first part, chapters

2-5, attempts to establish the empirical content of the
Heckscher-Ohlin model outlined above. Changes in Sweden in the
post-war period in exogenous variables, such as factor endow-
ments, technology and preferences, are recorded and estimated,
and some changes in endogenous variables, such as the pattern

of allocation and trade, are also described. The second part,
chapter 6, is a comparative static analysis within the Heckscher-
-0hlin model of the observed changes in exogenous variables.

The particular version of the Heckscher-Ohlin model in chapter

6 has the same number of produced and tradable goods as factors,
i.e. allocation is determinate in the model. The analysis gene-
rates hypotheses about what effects changes in factor endowments,
preferences, technology and tariffs have had on allocation,

trade specialization and domestic prices. The third part, chap-
ter 7, repeats the comparative static experiments of chapter 6

in the form of simulations with a many-sector, quantitative,
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general equilibrium model of the Swedish economy. The purpose
is to see if the predictions generated by the Heckscher-Ohlin
model are borne out in a standard guantitative general equi-
librium model, which has other properties than the Heckscher-
-0Ohlin model, Finally, the study contains a generalization of
the Rybczynski theorem, in chapter 8. Chapter 8 should bhe seen

as an extension of chapter 6.

Chapter 2 describes changes in factor endowments and
factor prices. Three factors are taken into account: raw labor,
physical capital and human capital. During the period 1950-74
the flow of labor services, measured in man-hours, is more or
less constant, while the physical capital stock and, pre-
sumably, its services increase at 4 per cent per year. The
change in the aggregate rate of flow of human capital ser-
vices is estimated using a national accounting identity and an
assumed wage rate for raw labor. The estimated rate of change
is 7.6 per cent which is guite high compared to estimates in
growth accounting studies. Changes in relative factor prices
roughly reflect changes in relative factor scarcities: the
price of labor is increased substantially in relation to the

prices of human and physical capital.

Chapter $ deals with differences in factor proportions and
technical change between 24 sectors of the Swedish economy as
well as between the aggregated tradable and non-traded sectors.
Human and physical capital are aggregated and capital-labor
ratios calculated for the 24 sectors as well as for agyregates
of tradable and non-traded sectors respectively. It is found
that the non-traded sector is substantially more capital inten-
sive than the tradable sector. The big difference is due to the
extreme capital intensity of the non-traded housing sector and
the sector producing electricity. However, even the public sec-
tor, which also is non-traded, is more capital intensive than
the aggregate tradable sector. Correlations of capital intensity

rankings of the 24 sectors between different points in time are
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high, and, hence, factor intensity reversals seem to be less
frequent. The second half of chapter 3 attempts to estimate
rates of change in total factor productivity. The method used
does not give accurate estimates of levels, but is thought to
yield the correct ranking of sectors according to rates of
total factor productivity change. The tradable sector has a
significantly higher rate during the period 1950-74 than the

non-~traded sector.

Chapter 4 describes changes in allocation among the 24
sectors of the economy, and in particular the alloccation
between the tradable and non-traded sectors. Cn the basis of
the recorded changes in allocation and the change in the rela-
tive price of non-traded goods, we conclude that the income
elasticity of demand for non-traded goods is higher than unity
and/or that there has been a shift in taste towards non-traded

goods .

Chapter & considers various aspects of Swedish foreign
trade in the post-war period. It describes changes in the
aggregate export-output ratio as well as in sectoral exnort-
and import-output ratios, i.e. in the degree of <ntra-industry
trade on the sector level. The considerable intra-industry
trade found to exist is not explained by the Heckscher-Ohlin
model, but can be explained by other theories of trade, which
are briefly outlined in the chapter. An attempt is made to
determine the factor content of Swedish exports and imports,
on the assumption that Sweden is a capital abundant country.
The results of the test of the Heckscher-Ohlin theorem indi-
cate that exports are relatively capital intensive, as expected,
but they are far from conclusive. However, a survey of other
tests for Sweden finds that the evidence confirms our results.
Finally, the chapter describes changes in terms—-of-trade and
changes in tariffs between 1959 and 1974. It is found that the
terms-of-trade have been more or less constant and that tariff
rates, which generally are quite low, around 5 per cent, have

been reduced quite little in percentage terms.
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In chapter € the empirical findings in chapters 2-5 are
first collected and presented as "stylized facts" of Swedish
post-war economic development. The stylized facts are both
changes in exogenous variables in the Heckscher-Ohlin model,
in factor endowments, technology, preferences and prices on
tradable goods, and what can be seen as parameters, namely
the ranking of sectors according to cawnital intensity and the

endowment position of Sweden relative to the rest of the world.

Next, a Heckscher-Ohlin model with two factors and three
goods, an exportable, an importable and a non-traded good, is
constructed. The model is a special case of the model presented
in section 1.2, namely the case when two tradables and one non-
traded good are produced, and where the non-traded good is more
capital intensive than both tradables. In other words, the
cases of complete specialization and of more tradables than

factors are ruled out.

The comparative static experiments which are carried out
for the observed changes in exogenous variables imply compari-
sons of one state of the economy with another, where only one
exogencus variable is changed at a time. It is found that an
increase in the capital stock will increase the output of the
exportable gcod and decrease the output of the importable
good, and thereby increase specialization in production and
trade. Factor prices and the price of the non-traded good are
constant. A shift in taste towards the non-traded good also
leaves domestic prices constant but has exactly the opposite

effects on the tradable outputs.

The stylized fact of increased efficiency of the tradable
sector relative to the non-traded sector results in increased
production of both the exportable and the importable good, but
it is likely that the rate of increase is higher for the latter.
Hence, we expect decreased specialization in production and a
lower export-output ratio. Factor prices and the price of the

non-traded good are constant also in this experiment.
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The experiment of reducing an import tariff, finally,
produces ambiguous results for allocation. As expected, the
relative price cf labor, the intensive factor in the import-

able good, is reduced.

In principle, the same experiments are then reneated in
chapter 7 by simulations with a fairly standard multi-sector
growth (MSG~) model for the Swedish economy. None of the
effects which can be expected from chapter 6 appear in the
simulations however. There are probabkly several reasons for
this. One reason is that exact predictions of output and
factor price changes due to Rybczynski and Stolper-Samuelson
effects no lenger are possible in a many-sector, two-factor
model {although production and trade are determinate in the
simulation model). A second reason 1s that the simulation
model provides for an alternative mechanism to absorb excess
supply and demand of factors than reallocation of resources
between different production activities (i.e. Rybczynski
effects), namely substitution in production, since factor
prices change in the simulations. The extent to which capital
is substituted for labor and vice versa as the wage-rental
ratio changes is substantial; the elasticity of substitution
is by assumption unity. A third reason is the dominance of
intra-industry trade. A large part of trade and the increase in

trade cannot be explained by factor proportions differences.

In summary, we find that our attempt to gain more Krow-
ledge about changes in Swedish post-war allocaticn and trade
patterns by ustng the Heckscher-Ohlin theory as a tocl have

met with very little success.

Chapter & studies the application of the generalized
Rybczynski theorem by Jones {1965] to a model with non-traded
goods and indecomposable inter-industry flows. The introduction
of inter-industry flows makes necessary a distinction between

net and gross Rybczynski output effects and also between direct
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and total factor intensities. It is found that a sufficient
condition for the movements of the gross and net tradable out-
puts to bound the movements of the factors, net output move-
ments being greater than gross output movements, is that the
net output.change of the non-traded good is bounded by the
factor movements. This result is compared with earlier findings
and the meaning of the sufficient condition is discussed in

terms of basic demand parameters.
1.4 THE RELATION.TO THE LITERATURE

The present study is an application of the Heckscher-Ohlin
theory to empirical problems of growth, allocation and trade.
As such it is most directly related to two quite separate

. bodies of literature. One body is the use of the Heckscher-
Ohlin theory, and, more specifically, the Heckscher-Ohlin
theorem to determine the factor abundance of a country or
the factor content of a country's trade flows. The other
body is the use of guantitative, many-sectof, general equi-
librium models to simulate effects of economic poligy, -
exogenous disturbances of various kinds, increases in
resources, etc. ‘

The literature which in some way uses Heckscher-Ohlin
theory for empirical research is quite large, and the bulk
of this literature stems from Leontief's [1953] determination
of the factor content of United States exports and imports.
Leontief's study can be interpreted either as a test of the
Heckscher-Ohlin theorem assuming that the United States is
capital rich relative to the rest of the world (and this seems
to be his own interpretation) or as a determination of the
factor abundance of the United States assuming that the Heckscher-
-Ohlin theorem is true. We will not try to review the Leontief-
-based literature here, but give some references in chapter 5.
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As indicated, not all of the empirical literature deals
with the factor content of trade flows. Another area where
the factor proportions theory has been applied is in finding
the determinants of tariff structures. A Swedish example is
in Lundberg's [1976) study of how trade liberalization has
affected trade during the 1960's. Lundberg attempts to explain
the tariff structure, both of nominal and effective tariffs,
in 1959 and 1972 by multiple regression analysis, where the
labor cost share, the proportion of educated labor and the
natural resource content enter as explanatory variables. An-
other example is the attempt by Postner [1975] to determine
the structure of Canadian tariffs. Postner first establishes
the factor content of Canadian industries using input-output

tables and then correlates factor intensities with tariff rates.

However, to our knowledge there exists no other study
than the present which in addition to the Heckscher-Ohlin
theorem also makes use of the Stolper-Samuelson and the
Rybczynski theorem in analyzing empirical problems. The
reason for this apparent gap in the literature is quite
simple; the Stolper-Samuelson and the Rybczynski theorem
do not easily generalize to models with more tradable and
produced goods than factors, and, hence, there are only very
restrictive or weak generalized propositions to test or to
apply. The literature on theorems of trade in neoclassical
models of production with many goods and factors is briefly

surveyed in a recent article by Chang [19791}.

The real world which we study has, we assume, more goods
than factors, and this gives rise to indeterminacy in produc-
tion, which renders the Stolper-Samuelson and Rybczynski theo-
rem practically powerless as analytical tools. We have solved
or circumvented this fundamental problem in two ways. In chapter
6 we "translate" the empirical facts in a many-sector, three-

~factor world into a model with the same number of produced and
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tradable goods as factors. In this way we obtain hypotheses about
the relations between changes in endowments, preferences,
technology and tradable goods prices on one hand, and allo-
cation, factor prices and trade on the other, which are
strictly true only in such a model. We then, in chapter 7,

ask the question if these relations carry through in a many=-
sector, two-factor mocel of the Swedish economy, although
there are no theorems to base presumptions on. (Chapter 7
contains a discussion of how various factors may work for

or against the kxind of results obtained in chapter 6 in the

many-sector, two-factor simulation model.)

Quite separate from the empirical Keckscher-Ohlin
literature is a literature which uses quantitative, many-
secter, general ecuilibrium models tc simulate effects on
resource allocation, trade and prices of economic volicy,
varicus excgenous disturbances, changes in resources, etc.
An carly example in this tradition is Werin's [1965] study
of production, trade and allocation in Sweden within a
linear ceneral equilibrium model of the economy. Werin con-

ine
ucts comparative statics exmeriments with changes in factor

o

endowments, technology, world market prices, and tariffs and
taxes, i.e. in the same variables as in chapter 7. Another
example is Bergman's [1978] analysis of the future economic
conseqguences of Swedish energy policy within the model used
in chapter 7. An example more directly related to trade
problems is the study by Taylor and Black [1974]. They apply
a MSG-model of the Chilean economy to determine the output
and employment effects (capital is fixed in each sector) of

changes in tariffs.

An important difference in our view between the simula-
tion study in chapter 7 and other studies which use the same
general approach, such as those referred to above, is that

we attempt to establish some a priori assumptions about the
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effects, whereas such presumptions are largely absent in

other studies. At least, they are usually not based on ana~
lytical results within a general equilibrium framework. With-

out a consistent view of the mechanisms at work in large-

scale models, the results become hard to interpret. However,

as has been concluded above, it does not seem that the Heckscher-
-0hlin theory is a very useful tool in our particular appli-

cation.
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CHAPTER 2 CHANGES IN FACTOR ENDOWMENTS AND FACTOR PRICES*

2.1 INTRODUCTION

Factor endowments and changes in factor endowments play a cru-
cial role in the theoretical framework presented in chapter 1.
Together with technology, world market prices, and demand for
non-traded goods they determine the small country's pattern of
production and international specialization, as well as its
factor prices. It is clear that Sweden's endowments of factors
of production have undergone considerable change in the post-
-war period. If everything else is held constant this should
have had a significant impact on the economy.

This chapter presents available data on factor endowment
and factor price changes. This is done in section 2.3. As infor-
mation on human capital is unavailable, the main part of section
2.3 is an account of the method by which estimates of the rate
of change of the quantity and price of human capital are cbtain-
ed., Section 2.4 contains a brief survey of similar estimates in
other studies, as a check on the results. Section 2.5 provides
a short summary of the findings. But first, in section 2.2, it
is necessary to briefly discuss what and how many factors of
production should be considered.

x
Research assistance was provided by Urban Bickstrdm.



2.2 WHICH AND HOW MANY FACTORS?

Within the framework of standard production theory factors

are differentiated by being less than perfect substitutes.
Facters which are perfect substitutes are effectively one and
the same factor. By casual observation perfect substitutes seem

to be few and, thus, the number of factors very large.

However, understanding of economic phenomena requires
simplification. Empirical work often only recognizes two pro-
duction factors, labor and physical capital. This is sometimes
a relevant and fruitful simplification of reality. But there are
at least two areas where original findings, which at first
only took account of labor and capital, were considered unsatis-
factory, and where subsequent research has added more production
facteors to arrive at more satisfactory results. One area is
so-called growth accounting. Solow's [1956] original finding
that only a very small part of long-term U.S. economic growth
could be explained by the contribution of labor and capital
inspired Denison [1963] and others to search for other factors
and to reduce the residual in the growth accounting identity,

what Solow called "the measure of our ignorance”.

The second area 1s the testing of the Heckscher~0Ohlin
theorem, Leontief's [1953] paradox, that the U.S. is exporting
labor intensive and importing capital intensive goods, prompt-
ed Kenen [1965] and othersto bring in more factors to show

that U.S. exports are, after all, relatively capital intensive.

Both the literature on growth accounting and on the em-
pirical validity of the Heckscher-Ohlin theorem present
strong evidence in support of adding at least a third factor,
humar capital, to the two traditional, labor and physical
capital. Below is a compact summary in table format of Deni-
son's [1963] accounting for U.S. economic growth to

substantiate the argument:
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Table 2.1 Sources of U.S. economic growth 1929-57

Weighted anrual per— Erplanatery sharn of

Sources cf growth -
centage growth rates

Labor 0.80 0.27
Capital 0.43 c.15
Education and experience 0.77 0.26
Economies of scale 0.34 0,12
Advance of knowledge 0.59 2.20
TOTAL 2.93 1.00
Source: Based on Denisen [1963]}, table 32,

Several other growth accounting studies, e,g. by Christensen
and Jorgensen {1969] [1970], Jorgensen and Griliches [1967]
(all for the U.S.) and Nishimizu and Hulten [1978] (for Japan),
confirm the significant contribution of human capital to eco-

nomic growth.

Early attempts to explain U.S. trade flows by including
human capital, such as those of Keesing [19651 [19&8], are
fairly successful, and subsequent studies include human capital
variables as a rule. See e.g. the studies by Waehrer [19€81,
Baldwin [1971], Fareed [1972] and Branscn and Monoyios [1977].

The contributicn of human capital to economic growth, as
demonstrated in growth accounting studies, provides a strong
argument for recognizing it as a factor of production in the
present context. Another argument is given by the results of
studies which attempt to determine the comparative advantage
of Sweden based on the factor proportions theory. All
such studies indicate that Sweden 1is a net exporter
of human capital through her commodity trade, see the
survey in chapter 5. In fact, it seems that human capital is

the most important determinant of Swedish trade, and that the
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influence of other factors, such as labor and physical capital,

is less certain.

We conclude that the arguments in favor of adding human
capital to labor and physical capital are convincing. What other
factors of production, if any, should be taken into account?

In a recent theoretical and empirical study of the Heckscher-
~0hlin theorem Harkness [1979] explains U.S. net trade flows in
1957 by her endowments of some 17 factors. In addition to diffe-~
rent kinds of labor and physical capital he includes a variety

of natural resources including land. The variation in and pattern
of proportionate net exports (net exports over output) is ex-
plained remarkably well by the almost exhaustive set of factors
of production. However, when these factors are aggregated into
four broader categories, capital, human capital, land, and natural
resources, they are unable to explain significantly the variation
in proportionate net exports across U.S. industries. Harkness'
conclusicon is that aggregation of imperfectly substitutable
factors neglects many individual factor complementarities, which

are shown to be important in determining net commodity exports.

Harkness' finding is a strong reason for including an
exhaustive set of factors when one wants to test the Heckscher-
-Ohlin theorem. That, however, 1s not the primary aim of the
present study. We wish to analyse the effects of growth, which
takes the form of factor accumulation and technical progress,
on allocation and trade. To make the task analytically manage-
able it is Jjudged necessary to limit the number of factors.
When we take account of labor, physical capital and human
capital we adhere to the conventional view of a suitable level
of aggregation and choice of the most important factors of

production.
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2.3 CHANGES IN FACTOR ENDOWMENTS AND FACTOR PRICES

We now wish to determine the rates of change in the economy's
endowments of labor, physical capital, and human capital. Also,
we want to establish at what rates factor prices have changed.
The movements in the quantity and price of labor and physical
capital are already known. It remains to estimate the rate of
change in the endowment and the price of human capital. Most of
the present section deals with this problem.

2.3.1 Methodological considerations

Consider the national accounting identity

(2.1) pyV = pL + pgK + pHH
where V is aggregate value-added (output) or aggregate income,
and L, K and H are the aggregate flows of raw labor, physical
capital and human capital services respectively. The prices
of output and of inputs are Pyr Prr Py and Py- Since output
here is national output, the price py can be viewed as the

general price level.

Differentiate (2.1) logarithmically to obtain
(2.2) Py * V = 0p(p +L) + 8y (pe+K) + 8, (py+H)

where the weights ei (i=L,K,H) are national income shares and

A

a circumflex """ denotes rate of change.

We can rewrite (2.2} as

(2.3) By = 0.y = 8Py - Oy = -V + 6L+ 0.+ af

Set the left- and right-hand-side of (2.3) equal to -7

to obtain
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(2.4) Py = 9Py * Ogpg * Oypy — T
and

A S,
(2.5) V= OL+ 8K+ OH+T

T may be defined as the rate of change in total factor produc-
tivity (cf. chapter 3 for a more detailed derivation and a

theoretical interpretation of (2.4) and (2.5)).

Expressions (2.4) and (2.5) are indices of the change in
the general price level and in total output respectively. We
will use (2.4) and (2.5) to solve for unknown changes in the

price and quantity of human capital as given by

I PSP
(2.6) H = @; (v OLL er T)

and

(2.7 b= L (5.-8_p -6 p -T)
. Py E;pv LPr” "kPx

A

The rate of change in total factor productivity, T, is un-
~
known. In the estimation we set T = 0. The change in total facto
productivity will therefore be picked up by the estimates of
H and Py-

How reasonable is the proposed agpproach for estimating
movements in human capital and its price? Changes in total
factor productivity are, according to Abramovitz [1962], com-
monly viewed as "... the effect of 'costless' advances in
applied technology, managerial efficiency, and industrial or-
ganization (cost - the employment of scarce resources with
alternative uses - is, after all, the touchstone of an 'input')

.." Human capital, on the other hand, is in most growth account

ing studies estimated on the basis of earnings differentials



between individuals with different amounts cf formal schooling.
Schooling is associated with investments, so clearly human ca-
pital, when measured in this way, is not costless. In the same
way it is clear that raw labor and physical capital ccnstitute

"scarce resources with alternative uses”.

It should be kept in mind that the measurement of human
capital is a major difficulty in growth accounting studies.
It is hard to find measures of the costs associated with va-
rious forms of human capital, and even to know what these
costs actually are. The number of years of formal schcoling
is perhaps the most obvious proxy for investment in human
capital, and the earnings differentials between individuals
with different amounts of schooling a self-evident measure
of returns to human capital. At the same time it is hard to
believe that "advances in applied technology, managerial effi-
ciency, and industrial organization” really are totally cost-
less. It may be more correct to say that much of kncwledge
and skills in individuals acgquired by learning-by-doing and
other experience has a cost, but that the cost is hard to
define and to measure. The production units pay all their
income to factor owners, none of whom are owners of a factor
labelled "total factor productivity”". By our method of estimation
it is the owners of human capital who receive all of the reward

to what conventionally is measured as total factor productivity.

To estimate changes in the price and quantity of human ca-
pital in the way proposed above may be gquite unreasonable. How-
ever, our aim is not to obtain estimates with a high degree cf
precision, only to determine the ranking of rates of change in
factor endowments and factor prices. Compared to conventional
estimates ours will have a strong upward bias. The magnitude of

the potential bias is discussed below, in section 2.4.
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2.3.2 Data sources

A brief account of how data were found or imputed is necessary.
The rates of change of total output and its price are simply
taken from national accounts data on GNP in constant and current
prices.l The rate of change of physical capital services is the
rate of change of physical capital stocks according to the na-
tional accounts. In other words, an assumption is made about
constant proportions between the flow of services and the stock.
The national accounts give separate data for physical capital in
the form of "buildings" and "machinery". The two kinds of phy-
sical capital have simply been added. To obtain the rate of
change of the price of physical capital, the stock rate of
change was subtracted from the aggregate income to capital

rate of change in nominal terms. Again, an assumption of constaht
proportions between stocks and service flows is employed.

As a measure of the change in labor service input we use
man-hour data in the national accounts. The price of labor ser-~
vices presents a problem. Labor services are defined as the ser-
vices of labor exclusive of human capital. Somewhat arbitrarily
we choose to let the services of dish-washers in the restaurant
and hotel industry (SNR 6300) represent raw labor services, and

.

take the negotiated hourly wage of such labor as its price.2

Once the raw labor wage is determined we can divide the
wage sum of national income into returns to raw labor, by mul-
tiplying total man-hours by the wage rate, and to human capi-
tal, by subtracting the returns to raw labor from the total
wage sum. We thus obtain the shares of national income of the
three factors for 1950, 1958, 1966 and 1974. As weights ¢ .

i
(i = L, X, H) in the expressions (2.6) and (2.7) we use the

All national accounts data referred to are from SM N 1975:98.

2 Wage rates were provided by Hotell- och restauranganstdlldas f&rbund
(the union of hotel and restaurant employees).
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unweighted average shares for the starting and end years for
each subperiod. Rates of change are estimated for each sub-
period and are then averaged toobtainrates for the change inprice
and quantity of human capital for the whole period 1950-74.

In this way some of the effects of changing relative factor

prices and endowments on the weights are neutralized.

2.3.3 Results

Estimates of rates of change for the price and quantity of
human capital are presented in table 2.2 for the periods
1950-58, 1958-66 and 1966-74, The last column in the table re-
cords the unweighted averages of the subpericd rates. Rates

of change in prices and quantities of labor and physical capi-
tal and of aggregate output are also shown.

During the 24-year period 1550-74 real income or output
increased at an average rate of 3.7 per cent per year. At the
same time the general price level increased at a yearly average
rate of 4.9 per cent.

Table 2.2 Rates of change of input and output prices and quantities

1950~58 1958~66 196674 Average
(1) (2) 3 & (3) (&) ) (8
Labor
volume -0.,1 0.0 0.5 0.2 -0.9 -0.3 ~0.2 0.0
price 9.7 3.2 7.7 2.5 10.5 3.5 2.3 3.1
Physical capital
volume 3.8 1.7 4,0 1.5 4.1 1.3 4,0 1.5
price 3.2 1.4 0.3 0.1 3.3 L.1 2.3 0.9
Human capital
volume® 6.3 1.4 9.4 2.6 7.2 2.5 7.6 2.2
pricel 3.1 0.7 5.0 1.4 2.1 0.7 3.4 0.9
Aggregate income
volume 3.1 4.3 3.7 3.7
price 5.3 4,1 5.3 4,9

1

Estimated rates.

Note: Rates in columns (1), (3) and (5) are not weighted by income shares ”.,
rates in columns (2), (4) and (6) are weighted. Column (7) gives un—
weighted rates, and column (8) gives unweighted averages of weighted
rates, Factor rates do not always sum to aggregate rates because of
rounding errors.

Sources: SM N 1975:98, Appendix 2, 4 and 5, Hotell- och restauranganstdllidas
férbund. -
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Consider first column (8), which gives the contributions
to aggregate growth and price level changes of factor accumula-
tion and factor price changes. Some 60 per cent of aggregate
growth at 3.7 per cent per year is due to human capital accumu-
lation, and the rest to accumulation of physical capital. There
is no change in the input of labor, weighted by income shares,
and thus no contribution to growth. On the other hand, the main
cause of aggregate price increases at 4.9 per cent per year is
a high weighted rate of increase in the raw labor wage. It con-
tributed some 63 per cent of the increase in the general price
level. The rest, 37 per cent, is shared equally between the

price changes of physical and human capital.

From column (7) it is evident that Sweden's factor endow-
ments changed substantially during the period, in a capital
abundant direction. Human capital is estimated to grow at a ver
high rate, 7.6 per cent. Physical capital accumulated at a lowe
but still high rate, 4.0 per cent, while the supply of man-
-hours actually decreased slightly.

The changes in relative factor prices roughly reflect the
changes in relative factor supplies, see column (7). The rate
of change in the raw labor wage, 9.3 per cent, may seem very
high. However, the real rate is only 9.3-4.9 = 4.4 per cent,
which is not much higher thah the total per-hour real income

rate of change, 3.7+0.2 = 3.9 per cent.

We may speculate that there has been a downward pressure
on the human capital price in Sweden during the postwar pe-
riod due to non-market forces, and specifically to the way
wages and salaries are determined in Sweden. The degree of
unionization is very high and wage negotiations are highly
centralized. Since the early 1960's an objective of the unions
has been to diminish wage differentials within their member-
ship through negotiated settlements. The policy has been
quite successful. It is possible that high-wage earners,
with relatively much human capital, have had to "subsidize"



low-wage earners, with relatively much raw labor. In other words,
the rate of return to raw labor may have increased less relative
to the return to human capital, if wages had been wholly

determined under competitive conditions in the labor market.
2.4 COMPARISON WITH RESULTS IN OTHER STUDIES
As expected, the growth rate for human capital services seems

high, especially when it is compared to estimates of e¢fficient

alcp input per rman=zZour in some selected growth accounting

e

studies. Denison [1963] calculates an index of labor input for
the U.S. for the period 1929-~1957, taking account of a variety
of factors: growth of employment, number of hours per work

week, effect of shorter hours on quality of a man-hour's work,
education, increased experience and better utilization of women
workers, and changes in age-sex composition of the laber force.
By subtracting the annual growth rate of total hours of work
from the annual growth rate of this index we can obtain a growth
rate for the ~ffectdre labor input per hour. This we interpret
as a rough approximaticon of the human capital services rate of
change estimate made in section 2.3 above. The figure fcr the human
capital services per man-hour growth rate calculated in this

way is 1.57 per cent. Jorgenson and Griliches [1967] estimate
indexes of efficient labor input per man-~hour for U.3. males for
shorter periods within the periocd 1940-1965. They only adjust
for changing composition of the labor force witih respect o
vears of schooling, and come up with an unweighted average growth
rate for six subperiods of 0.78 per cent. Christensen and Jor-
genson [1969] calculate a growth rate of efficient labor input
per man-hour for the U.S. and the period 1929-1967 of 1.06 per
cent per year, taking account of changes in the composition of
the labor force by educational attainment. In trying to establish
the sources of Japanese economic growth 1955-1%971 Nishimizu and
Hulten [1978] estimate that change in the composition of the
labor force with respect to education has raised efficient la-
bor input by a mere 0.l6 per cent annually in the periocd 1958-

-1971 (private sector except agriculture and services).
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In view of these results we suspect that our own estimate
has a strong upward bias, which is due to the inclusion of what
traditionally is measured separately as total factor productivity
change. The estimated annual rate of change in total factor pro-
ductivity is generally substantial in other studies, see table

2.3 below.

Table 2.3 Estimates of total factor productivity (TFP) and human eapital
(HC) rate of change in selected growth accounting studies

Armual rate of change Explanatory share
for TFP of output

HC TFP growth rate

Christensen-Jorgenson [1969]1 1.06 1,13 0.36

Denison [1963]% 1.57 0.93 0.32

Jorgenson-Griliches [1967]3 0.78 1.60 0.46

Nashimizu-Hulten [19781% 0.16 2.88 0.25

star [1974)° -6 0.87 0.27

AVERAGE 1.48 0.33

Our adjusted estimate 2.6 1.48

1 U.S. 1929-67.

2 U.S. 1921-57,

3 U.S. private domestic economy 1945-65, before adjustments for aggrega-
tion errors of various kinds, errors in investment goods prices and in
capacity utilization.

4 Japan 1955-71.

3 17 U.S. manufacturing industries 1950-60,

6

Not available.

To see how our estimate of human capital accumulation compares
with those in other studies, we have reestimatedhthe rate of
change in human capital, but instead of setting T = 0 in equa-
tion (2.6) we set % = 1,48, i.,e. equal to the unweighted average
in five growth accounting studies. The adjusted estimate of
human capital growth is 2.6 per cent, which is considerably
lower than the original 7.6 per cent. It is still high compared
to the rates in other studies as shown in table 2.3.
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We have also calculated the effect on the rate of change of
the human capital price of positive total factor productivity
growth. A rate of 1.48 per cent in total factor productivity
change gives a negative rate of ~2.4 in the nominal human ca-
pital price. In other words, the relative price of human capital
falls substantially in this example.

2.5 SUMMARY

In this chapter movements of factor endowments and factdr prices
in Sweden during the period 1950-74 are described. Three fac-
tors of production are taken into account: raw labor, physical

and human capital.

National accounts statistics show a more or less constant
supply of raw labor services, measured in terms of man-hours,
and a yearly average increase of 4 per cent in the physical
capital stock. Using an accounting identity we estimated a
rate of increase in human capital services of 7.6 per cent.
Hence, per man-hour there is 2.5 times as much physical capi-
tal stock at the end of the period as at the beginning, and,
presumably, nearly 6 times as much human capital services.

If instead of zero growth in total factor productivity
we assume rates consistent with results in selected growth
accounting studies for other countries, the estimated rate
of growth in human capital is brought down to 2.6 per cent.
This figure is still high compared to rates common in the

literature.

Despite the crude methods used to estimate human capi-
tal services it seems certain that human and physical capi-
tal have increased very substantially relative to raw labor

during the period under study.

Changes in relative factor prices roughly reflect changes
in relative factor scarcities. The return to raw labor sérvices
increased at a rate of 9.3 per cent, while the return to physi-
cal capital only increased at 2.3 and to human capital at 3.4



per cent annually. The price level at the same time increased
at a rate of almost 5 per cent. Hence, there was a fall in the
relative prices of both forms of capital and a rise in the

price of raw labor.

It shculd be commented, in relation to the Heckscher-
Ohlin world of chanter 1, that changes in factor prices caused
by changes in relative factor scarcities are possible if the
economy changes svecialization by dropping some oproduct or
taking up production of some other, or when there is complete
specialization in the tradable sector. However, when the
econormy 1s producing on a flat section of its transformation
surface, changes in factor endowments cannot influence factor

prices.
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CHAPTER 3 FACTOR PROPORTIONS AND TECHNICAL CHANGE*

3.1 INTRODUCTIOHN

The double aim of this chapter is to describe factor propor-
tions and to estimate technical change in different sectors
of the economy. By technical change we mean the rate of

change in total factor productivity.

Both factor proportions and technical change are exogenous
in the Heckscher-Ohlin model in chaoter 1. At given factor en-
dowments, world market prices and demand for non-traded goods
differences between productive activities in their propor-
tionate use of factors determine which goods are produced
and which are not. Factor proportions in the non-traded
sector are of particular interest, because any change in the
output of non-traded goods will change the factor endowment
available to the tradable sector and, therefore, the alloca-
tion of resources within that sector and the trade pattern.
Changes in relative efficiency between sectors brought about
by different rates of technical change alter relative costs
and prices. This will in turn also change allocation and
trade.

The plan of the chapter is as follows. In section 3.2
we briefly discuss the principles and the level of disaggre-

gation. Section 3.3 contains a derivation of different capital

* Jrban Bdckstrdm and Parameswar Nandakumar provided

research assistance.
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intensity measures. Sectoral capital-labor ratios are pre-
sented in section 3.4. Special interest is accorded the
difference in capital intensity between the tradable and

the non-traded sectors of the economy. In section 3.5 a
theoretical framework for total factor productivity measure-
ment is presented. Estimated rates of total factor producti-
vity change are in section 3.6. Again the interest is focused
on the difference between the tradable and the non-traded
sectors. Section 3.7, firally, is a short summary of the

main findings in the chapter.

3.2 LEVEL AND TYPE OF DISAGGREGATION

The particular disaggregation introduced here is used also
in the descrintive chapters 4 and 5 and in the simulations
in chapter 7. It was chosen, firstly, because it is a
familiar sector classification based on international and
Swedish industry classifications, and, secondly, because it
is the disaggregation applied in the medium-term forecasting
model of the Ministry of Economic Affairs (Ekonomideparte-
mentet) and also in a simulation model developed by Bergman
and For [1980)], which is the basis for our own simulation model
in chapter 7. Hence, relatively much time series and other
data are rcadily available, and results can potentially be

compared with those in other studies.

There are at least two different kinds of principles
behind the disaggregation. One principle is to group acti-
vities which use the same types of input, as for example
agriculture and the steel industry. Another principle of dis-
aggregation is according to output characteristics from the
consumer's viewpoint: transportation services, clothes,.
various private services, etc. Often both and possibly
other principles are applied for the same sector. A more
correct disaggregation principle in our context, one which
is based on the theoretical model, is to group activities

according to factor proportions. In applying such a principle
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one might find e.g. steel-making and shipping services in
the same sector, or agriculture and commerce. All principles
entail problems: some disregard the central role played by
factor proportions in the theoretical framework used here,
and the factor proportions principle takes little notice

of how consumers may structure their demands. However, the
principles are not mutually exclusive. The particular dis-
aggregation made takes some consideration of production cha-
racteristics and thus of differences in factor proportions
between different sectors.

The level of aggregation is to some degree dependent on
the principle applied. In our case we have 23 private and 1
public sector.l Some of the sectors are rather small and cone,
the engineering sector, is rather big measured in terms of
shares of total output. Further disaggregation would provide
a firmer basis for statistical tests, but it was judged that
it would cost too much in the form of missing data and re-
design of an existing simulation model.

3.3 CAPITAL INTENSITY MEASURES

Following the discussion in chapter 2 we take account of three
factors of production: raw labor, physical capital and human
capital. Each production activity combines these factors to
produce some commodity. Typically, the proportions in which
they are combined vary from sector to sector, and we now wish
to measure the proportions. But first we have to define factor
proportions measures which are based on the theoretical con-
cept of a production function and which can be applied with
available statistical data. It will be seen that to arrive at

such measures a number of strong assumptions have to be made.

There are 7 public sectors in the simulation model used in chapter 7.



Consider a production function on the general form
(3.1) Q. = £ (L

for sector i, where Qi is sector i's gross output, and Li’
K,, H; and the vector Zi are the inputs of raw labor, physical

3

capital, human capital and intermediate goods respectively.

Profits Ki are given by

K H
3.2} 9. = p;Q, -~ qg.%Z, - w.L, - R'K, -
(3 i plQl qlzl wlLl R1K1 RiHi'
whare Py and the vector q; are prices, W, is the wage rate,
. oK
and Ri and R? are gross rentals for physical and human capital

respectively.

Gross rentals are defined as

S K _ . K

(3.3) Ry o= {r; + S;hp
and

(3.4) RY = (o, + VJ)pH.

Net rental rates are denoted by T and oy rates of deprecia-

tion by Si and Vi and capital prices by pK and pH.

Value-added, Vi, is defined as

(3.5) vV, = pi0Q - g%, =

K K H H
=1, + + + 6, .t op. . , .
B wiLi rip Ki élp Kl plp Hl t Ylp Hl‘
Value-added is the sum of profits, factor returns and depre-
ciation charges. It corresponds to value added Zmn Ffactor
values (forddlingsvidrde till faktorpris) in the Swedish
national accounts statistics. More specifically, the compo-

nents are called
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(Hi + ripKKi) = operating surplus
(driftsdverskott) ,
dipKKi = consumption of capital
(kapitalfdrslitning),
and
(w.L. + p pHH + v pHH ) = compensation of employees
i1 i i i i

(18ner inklusive kollektiva
avgifter).

We will now use the components of value-added shown
above to define two different capital-labor ratios. First
we define

o+ Ri Lt R?Hi
3. = .
(3.6) K1 w.L,
i7i
We will assume that r, =r, 6i = §, Py T Pr Yy TV
wi = w, Vi. Also, we assume that Hi = 0, Vi. Then the ratio
can be rewritten as
RKKi + RHHi
(3'7) Kl =——ﬁ_‘—‘ -

1

A second capital-labor ratio is defined by the ratio
between returns to physical capital and returns to labor. We
assume that r, =r, di = g, W, =W, and Hi = N, Vi. The ratio
is

RK,
(3.8) Ky = ——

2 wL,
i

We note that simply
R,
K = K2 + wL - -
1
Clearly, the assumptions about equal rates of net returns
and depreciation for both types of capital, equal wage rates and

zero profits across sectors, which are made to arrive at the
ratios (3.7) and (3.8), are quite strong. A more direct

approach to obtain the corresponding ratios is to use data
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on factor quantities instead of service flows. Such data are
less influenced by business cycle variations, market imper-
fections, etc., which may result in differences in factor
rewards and profits between sectors. The national accounts
contain data on physical capital stocks and the supply of
man-hours. There are no quantitative data on human capital;
instead we must use the service flows which were obtained
from value-added data in the way described in chapter 2. We
have imputed stock values by capitalizing the flow values.
As discount rate we used the observed gross rental rate for

physical capital in the national accounts.l

We now define the capital-labor ratios

pKKi + pHH.
(3.9) ey =t L
i
and
p K,
(3.10) Ky = Li ,

which correspond to (3.7) and (3.8) respectively in that <y
and Kg have human and physical capital in the denominator
whereas Ky and Ky only have physical capital in the denomi-

nator.
3.4 CAPITAL-LABOR RATIOS

In this section we present measurements of sectoral capital-
labor ratios according to (3.7) - (3.10). This is done in
subsection 3.4.2. In addition we discuss the capital intensity
difference between the tradable and non-traded sectors in
somewhat more detail in subsection 3.4.3. To check for capi-
tal intensity reversals we have correlated rankings according
to capital intensity at different points in time. The results
are in subsection 3.4.4. But first, in subsection 3.4.1, we
want to theck the reliability of our measures of capital in-

tensity.

! All data are from the national accounts, SM N 1975:98, Appendix 2, 4, and 5.



3.4.1 Correlation between different rankings

We expect the rank correlation between the rank order accord-
ing to Ky and Kg to be high, since both <1 and <, are compo-
site capital-labor ratios, with physical and human capital in
the denominator. For similar reasons the rank correlation be-
tween the orderings according to K, and k, should also be
high. Consider table 3.1 which contains the Spearman corre-

lation coefficients:

Table 3.1 Rank correlation between the four different

rankings according to capital-labor ratics

Ky Ko Kg €4
<1 - 0.855%* 0.521* ' 0.436*
Koy 0.855%=* - 0.222 0.355
€3 0.521%* 0.222 - 0.857** .
Ky 0.436* 0.355 0.857** -

* Significant at the 5 per cent level.
** Significant at the 1 per cent level.

Source: Based on table 3.2

As expected there is a significant correlation between
<1 and Kge On the other hand, no significant correlation is

found between Ky and K-

It is interesting to note that the correlations between
Kl and Kz on one hand, and between K3 and K4 on the other,
are highly significant. In other words, rankings according
to capital-labor ratios with physical and human capital in
the denominator and with only physical capital in the de-

nominator are very similar.

The results lead us to conclude that the assump-
tions underlying especially Ky and K, are very strong.
Remember that we have assumed equal rates of return

and depreciation, and zero profits in all sectors. In
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is clear, for example, that the part of value-added in the

national accounts statistics which is labelled operating sur-
plus and of which profits may have a sizable share fluctuates
much across sectors in different years and also for the same
sector over time. The role of market imperfections and busi-

ness cycles is probably not negligible, as we have assumed.

It is likely that the value-added measures K1 and K, are
more aversely affected by strong assumptions than are the
stock measures K3 and Kge With these observations in mind we
next turn to the results of the capital intensity measure-

ments.

3.4.2 Capital-labor ratios

Consider table 3.Z which contains capital-labor ratios
according to (3.7) - (3.10) for 24 sectors of the economy:



47

Table 3.2 Capital~labor ratios

Averages for 1950, 1958, 1966 and 1974

Sector Capital-laber ratio
1 €2 “3 “a
1 Agriculture 2.691 2,691  s2.69 52.69
2 Forestry 3.74 2.66 85.68 23.17
3 Mining 7.43 5.52 213.71 84.21
4 Import-sheltered food mfg 3.76 2.67 105.98 36.25
5 Import-competing food mfg 3.42 2.12 152.56 62.25
6 Beverage and tobacco 4,32 2.66 165.96 63.67
7 Textiles and clothing 1.72 0.82 84.17 24.04
8 Wood and wood products 2.87 1.69 138.33 55.39
9 Printing and publishing 3.28 1.44 155.00 39.19
10 Rubber =
11 Chemicals —; 3.59 2.06 156.79 51.25
12 Petroleum 6.82 5.12 261.56 145.90
13 Non-metallic minerals 2.50 1.09 150.19 57.74
14 Iron and steel 2.70 0.81 207.99 84.57
15 Engineering 2.39 0.97 110.96 23.82
16 Ships 2.44 0.59 152.44 30.02
17 Other manufacturing 1.65 0.69 79.87 15.42
18 Electricity, gas and water 8.83 7.23 730.88 640.10
19 Construction 3.66 1.63 115.31 10.53
20 Commerce 1.85 0.78 82.45 17.10
21 Transport : 1.64 0.24 177.64 100.60
22 Housing 66.39 65.01 6116.02 6024.00
23 Private services 2.86 2.06 75.35 18.29
24 public sector 2.73  0.242 210.09 66.79
1

It is likely that a substantial part of what is reported as capital
income in the agricultural sector in fact is a return to labor. The
recorded hourly wage is below that of raw labor, hence the zero share
in value-added for human capital and the equality of the two capital-
labor ratios.

The low value is due to the national accounting convention of not im-—
puting net returns to capital in the public sector, only depreciation

charges.

Source: SM N 1975:98, Appendix, 2, 4, and 5.
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The results in the table are broadly consistent with
common views about capital intensities in different sectors.

Columns «., and x, contain the standard physical capital-labor

ratios. As expecied, Housing, Electricity, Iron and steel,
Petroleum, and Mining are shown to be relatively capital in-
tensive in this sense, while Forestry, Textiles, Construction,
Commerce and Private services appear as labor intensive. Some-
what more surprising is the relative labor intensity of En-
gineering, a weighty sector in terms of output and in trade.
It is interesting to note that food manufacturing which is
sheltered from foreign competition is significantly less
capital intensive than food manufacturing which competes

with imports.

When human capital is taken into account, see columns

<. and x5, Forestry, Import-sheltered food manufacturing,

3

L
fextiles, Commerce and Private services still rank as rela-

.

tively labor intensive sectors. Sectors which appear inten-
sive in human capital are Mining, Printing and publishing,
Iron and steel, Ships, Construction and Public services. Of
these, Ships and Construction appear as labor intensive if

human capital is not considered.

3.4.3 Difference in capital intensity between tradable and

ron—-traded sectors

A question of particular interest in chapters 6 and 7 is if
the aggregate non-traded sector is more or less capital in-
tensive than the tradable sector. The numbers in table 3.3
throw some light on this gquestion. The non-traded sectors,
which have no recorded exports and imports (cf. table 5.2),
are: Electricity, gas and water, Construction, Housing and
Public services. The other 20 sectors are tradable, i.e. they

have recorded exports and/or imports.
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Table 3.3 Capital-labor ratios in the tradable, non-traded
and public sectors in 1950, 1958, 1966 and 1974

Sector Year Capital-labor ratio
1 Ky Ky Ky
Tradable 1950 2.86 1.72 41.39 17.85
(all other) 1958 2.87 1.73 70.62 25.96
1966 2.92 1.37 130.22 49.97
1974 1.96 1.32 212.06 70.45

Non-traded 1950 34.01 31.96 1751.33 1708.92

(18, 19, 1958 29.42 27.38 2069.60 1989.18
22, 24) 1966 18.25 15.84 1661.34 1524.95
1974 7.36 6.10 1764.17 1559.77
Public 1950 3.35 0.28 119.69 56.42
1958 3.01 0.27 168.52 61.74
1966 3.22 0.24 239.08 69.02
1974 1.34 0.18 313.00 79.98

Source: Based on table 3.2 and 4.6.

It can be seen that the aggregate non-traded sector is
much more capital intensive than the aggregate tradable
sector for all capital-labor ratios. Most of this big
difference in capital intensity is attributable to the
Housing sector, which is included in the non-traded sector
(cf. table 3.2). However, also the non-traded Electricity
sector is extremely capital intensive, and the Public
sector is more capital intensive than the average tradable
sector. (We disregard <, in the comparison, since by
national accounting convention the physical capital stock
in the public sector does not earn net returns.) Of the
non-traded sectors only Construction is relatively labor

intensive.
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Since the relative prices of human and physical capital
have decreased over time, and the relative price of labor
has increased, we expect substitution of labor for capital
to have taken place in all sectors. Substantial increases
in the capital-labor ratio over time are visible for Ko and
<y in the tradable and the Public sectors, but not in the
aggregated non-traded sector, which exhibits constant or even
falling ratios. However, an inspection of each individual
non-traded sector reveals that all have increasing x.,- and

3

aq-ratios over time (not shown here). Hence, the constant or
falling ratios for the aggregate non-traded sector are due

to changes in the composition of the aggregate.

We do not expect to find significant increases in the
KT and <2-ratios, since the current factor prices of capital
appear in the denominators and the current wage rate in the
numerator. If all production functions were of the Cobb-Douglas
type, with constant returns to scale and constant elasticity
of substitution equal to unity, the ratios would be constant.
In fact, we find falling <9 and Ko for both aggregated sectors
and for the Public sector. The fall is more rapid in the non-
traded than in the tradable sector. Again, inspection of the
individual non-traded sector ratios reveal that the rapid fall
to scme extent is a result of changing composition of the

aggregate.

It is impossible to draw any conclusions about magnitudes
of and differences in elacticities of substitution from the
figures in table 3.2. That would require knowledge about each
sector production funbtion and, in addition, consideration of

changes in the compositicn of the aggregate.

It is also not possible to draw any conclusions about an

eventual b<as inm technical change, which may have affected the
preoportions in which factors are used in the different sectors.
(The circumstance that the relative price of labor has increased
substantially and at a fairly constant rate leads us to expect

that technical change has been labor-saving in Hicks' sense.)
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3.4.4 Test for factor Intensity reversals

What stability over time dc the various rankings exhibit?
Table 3.4 contains matrices of Spearman rank correlation

coefficients between rankings at different points in time:

Table 3.4 Correlaiion over time between capital

intenstity rankings

al) ranking according to Ky

1950 1958 1966 1974

1950 - 0.788 | 0.757 | 0.640
1958 | 0.788 - 0.905 1 0.750
1966 | 0.757 | 0.905 - 0.764

1974 | 0.640 | 0.750 | 0.764 -

b) ranking according to x

2
1950 1958 1966 1974
1950 - 0.869 | 0.821 | 0.847
1958 | 0.869 - 0.911 | 0.893
1966 | 0.821 | 0.911 - 0.900
1974 | 0.847 | 0.893 1 0.900 -

e) ranking according to Ka

1950 1958 1966 1974

1950 - 0.948 | 0.933 | 0.881
1958 | 0.948 - 0.956 ! 0.889
1966 | 0.933 | 0.956 - 0.903

1974 { 0.881 ; 0.889 | 0.903 -




d) ranking according to K,

1950 1958 1966 1974

1950 - 0,893T 0.834 | 0.755
1958 | 0.893 - 0.948 1 0.890
1966 | 0.834 | 0.948 - 1 0.945
1974 {0.755 10.890 0.945 - )

All coefficients are significant at the 1 per cent level.
There is a clear tendency in all matrices of lower correla-
tion with distance in time. The tendency is however quite
weak, and the impression is that rankings are highly stable
over time. In other words, although capital intensity re-
versals have occurred during the period under study, we con-
clude that such reversals are not an important feature of

the development of technology.

3.5 TECHNICAL CHANGE MEASUREMENT

We now wish to determine the rates of change in total factor
productivity on the sectoral level. The ambition is not to
attain estimates with the highest possible precision; it is

sufficient to obtain a ranx

according to factor producti-
vity change among the different sectors. In this section we
cevelop the theoretical framework. Results are presented in

the following section.

Consider again the national accounting identity (2.1) on

the general form
(3.11) P,V = Py-X] * pyr¥, t ...+ p X,

where V is real value added in sector j (subscripts are
omitted), Xi is the real flow of services of input i

(i=1,2,...,n) and p, and p, are the respective prices.
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To define total factor productivity differentiate (3.11)
logarithmically to obtain

(3.12) ﬁv +V =

. el(pl + Xi)l
1

e~
—

. = : "o -
where the weights ei pixi/ZpiXi, and a circumflex de

notes rate of change.

We can now define two useful Divisia indexes of input

quantity and input price change from equation (3.12):

~ n ~
(3.13) X = ] 6%
i=1
and
~ n ~
(3.14) Py, = .Z 8P,
i=1

where X and p, are the quantity and price indexes respectively.

Total factor productivity T is now defined as

=V
(3.15) T =3
or
p
(3.16) T =Y,
pX

and its rate of change as

~ N ~ ~ n R
(3.17) T=V-X=V- _5 0%,
i=1
or, alternatively, as
A ~ N ~ n ~
(3.18) T =p, -~ P, =P, - izl 8P, -

Definitions (3.17) and (3.18) are dual to each other,
and are equivalent except for sign by (3.12).
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An economic interpretation and justification of defini-
tions (3.17) and (3.18) is provided by the theory of produc-
tion. Assume that producers are in equilibrium and that
technology is represented by a constant returns production
function with Hicks-neutral technical change:

(3.19) vV = A-£(X Sr e Xn),

where A is the Hicksian efficiency index. Logarithmic diffe-
rentiation of (3.19) and use of the fact that each input is
paid the value of its marginal product yields

8.X

(3.20) V= A+ X, .
1 1

i

Ho—13

1

Thus, the rate of change of the total factor productivity
index, f, measures the rate of change of the efficiency para-
meter, ﬂ, i.e. the extent of the sk<ft of the production
function.

Alternatively, A measures the shift in the factor price
frontier. In equilibrium factor payments exhaust the value

product so that

I~13
el
<

(3.21) PV =

Differentiate (3.21) logarithmically to obtain

~

(3.22) p=Iup; + I8 (X/f) - T8A,
where we have used (X;/V) = (Xi/f) - A By cost minimization
f*i(X;/f) = 0. Also, cost shares sum to unity: Zﬁi = 1. Hence,

(3.22) can be written as

~

(3.23) p = 8D, - A,

which shows that total factor productivity change shifts the

factor price frontier.
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Estimates of total factor productivity change on the
sectoral level are presented in table 3.5. They are calculated
on the basis of (3.20) as
(3.24) T =V - e L - 8.k - of.

Equation (3.24) measures changes in the efficiency
of producing value-added as opposed to cutput (gross
output net of own inputs). An alternative approach
to estimating sectoral gains in factor productivity would
be to replace value-added by output and to add intermediate
inputs from other sectors as factors of production. Using
value~added instead of output will give an upward "bias" to

our estimates. To see this, consider the production function
(3.25) Q = A*f(X,2),

where Q is output, A* is the Hicksian efficiency index, and
X and Z are the single primary and intermediate input respec-
tively. We will assume that Q is homogeneous in X and Z.
Technical change then affects X and 2 to an equal degree.

We now have, by differentiating (3.25) logarithmically,
(3.26) A* = 0 - aX - (1-0)Z,
where 0 < a < 1.

Value-added V is defined as Q - Z. Thus, equation (3.20)

can be rewritten as

~ QoA
(3.27) A=g50Q

<im

assuming there is only one primary input X. The difference
between A* and A is, using Q= ﬁ,

(3.28) A* - A = -(1-0)Q + (l-a)X.
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Now, with Q = Z we have A = 0 - X from (3.27). Substituting
into (3.28) yields

(3.29) A* = oA

Thus, if there are intermediate inputs so that o is less
than unity, then A > A*. Consequently, estimates of sectoral
rates of total factor productivity change based on value-added
will be greater than estimates based on output. The difference
will vary in strength between-sectors depending on the propor-
tion of intermediate inputs in production.

An immediate explanation for the difference between &
and A* is apparent by considering equation (3.26). The "error"
occurs when @, output, is replaced by V, value-added, and Z,
intermediate inputs, are dropped completely. All of the
accounting for output growth falls on direct inputs, X
(o becomes equal to unity in value), and technical change

in intermediate inputs, which affects output, is ignored.

On the aggregate (national) level there will be no
difference between A* and ﬁ, simply because national value-
added is identical to national output (gross output net of
own inputs).

3.6 ESTIMATES OF TECHNICAL CHANGE

The results of technical change measurement are presented in
this section, in subsection 3.6.2. Special attention is given
the difference in total factor productivity change between
the tradable and the non-traded sectors in subsection 3.6.3.
But first, in subsection 3.6.1, we give a short account of
the data.

1 . .
If one were to calculate the aggregate, national residual from sector

residuals, one has to gum the residuals with piQi/Zini as weights. The
weights sum to more than unity, Lp Q /Lp V > 1. See Nishimitzu and
Hulten [1978] and Star [1974].
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3.6.1 Data

Data on price changes for the three inputs raw labor, physical
and human capital are taken from table 2.1. The changes in
value~added prices are given by the national accounts, which
present value-added data in constant as well as nominal

s 1
prices.

Input of raw labor services are given by the national
accounts in terms of man-hours. The national accounts data
on physical capital stocks have been used to calculate ser-
vice flows on the assumption of constant proportions between
stocks and flows. As for inputs of human capital services we
separated the labor shares of value-added into raw labor and
human capital shares in the way described in chapter 2. The
nominal rewards to human capital services were then deflated
by the price index given in table 2.1. Constant price value-

added are given by the national accounts, as mentioned.

Nominal value-added was divided into shares for raw
labor, human and physical capital for the years 1950, 1958,
1966 and 1974. There are in many cases substantial differ-
ences between years, due to changes in relative factor prices
and to different rates of change between factor inputs. This
gives rise to the question of which year's shares to use. We
choose to estimate the total factor productivity residual for
three subperiods, 1950-58, 1958-66 and 1966-74, and to use
the average of the beginning and end vears'®' shares as weights
on the inputs. As estimates of total factor productivity
change for the whole period we take the average of the three
subperiods. The procedure eliminates the problem of changing
shares to some extent without making the computational effort
too great.2
1 All national accounts data are from SM N 1975:98.

2

An alternative discrete approximation of the total factor productivity
index, o X.(t)\
T = We) 1 I
v(0) 1 Xi(O) i’

where ;i = [ui(t) + ai(o)]/Z, is discussed in Star [1974].
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Results
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Results of computing rates of total factor nroductivity change

according to

(3.24)

are presented in table 3.5.

Total fastor productivity rates of change

Yearly percentage change

Sector 1250-58  1958-66  1966-74  Averages
1. Agriculture -0.9 -0.1 4.2 1.0
2 Forestry =-3.7 -0.9 4,2 ~-0.1
3 Mining -3.9 -0.3 1.9 -0.8
4  Import-sheltered =-4.1 -0.8 -2.4 -2.4

food mfg.
5 Import-competing

food mfg. 2.8 4.9 1.3 3.0
6  Beverage and tobacco 0.3 1.8 2.7 1.6
7 Textiles and clothing -0.7 3.4 4.5 2.4
8 Wood and wood products -2.4 3.2 2.9 1.3
9 Printing and publishing ~-3.8 -1.3 -1.0 -2.0

10 Rubber > 1.6 1.3 4.2 2.4
11 Chemicals

12 Petroleum -2.2 7.9 -2.3 1.1

13 Non-metallic minerals -0.9 2.0 2.2 1.1

14 Iron and steel 3.3 6.1 3.2 4,2

15 Engineering 1.5 4.9 3.5 3.3

16  Ships -0.9 3.1 3.9 2.0

17 Other mfg. -0.1 1.2 6.2 2.4

18 Electricity, gas -0.5 0.7 2.5 0.9

and water

19  Construction -4.2 -0.5 1.5 -1.1

20  Commerce -1.2 -1.2 2.5 1.6

21 Transport -0.6 3.9 5.4 2.9

22 Housing 1.2 0.2 ~0.9 0.2

23  Private services -2.1 -4.9 -0.3 ~2.5

24 Public sector -3.2 -1.9 ~1.0 -2.0

Source: Based on national accounts data in SM N 1975:98, Appendix 2, 3 and 5.
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It may seem odd that for some sectors total factor pro-
ductivity change has a negative sign, indicating negative
technical change. It must be remembered, however, that by
our method of calculating the rate of change of aggregate
human capital in chapter 2 we by definition rule cut any
total factor productivity change on the aggregate level.

The zero rate for the aggregate is a weighted averagze (or,
more correctly, a weighted sum) of sectoral rates. These
latter are based on the definition of zero aggregate pro-
ductivity change and must be both positive and negative.

What matters for our purposes are the relaiive rates of
productivity change among the different sectors, i.e. whether
a particular sector cxperiences a low or high rate in rela-

tion to other sectors.

Looking at the last column in table 3.5 with averages
for the three subperiods 1950-58, 1958~66 and 1966-74, we
see that services, both private and public, have signifi-
cantly negative rates of productivity change. The result
conforms to the popular view of slow technical progress in
services. The rate for public services is prcbably too low
however (it should be less negative or positive), due to the
national accounting practice of measuring output by the
value of inputs. Import-sheltered food manufacturing, Print-
ing and publishing, and, to a lesser degree, Corstructicn,
are also sectors with slow technical progress. All three are
highly protected from foreign competition, which may be an
explanation. The three sectors with the highest rates of
technical progress, Import-competing food manufacturing,
Iron and steel, and Engineering, are highly exposed to foreign

competition, both at home and abroad.

3.6.3 Difference in technical charnge between tradab
non-traded sectors

It has already been observed that some sectors which are less

exposed to foreign competition have relatively low rates of

total productivity change. To find out if there exists a
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significant difference between tradable and non-traded sectors
we have calculated weighted average rates, as shown in the
table below:

Table 3.6 Total factor productivity rates of change in the

tradable and non-traded sectors 1350-74

Average yearly rates, weighted by shares of
total value-added
Tradable sezctors {all other) 1.09
Hon-traded sectors (18, 19, 22, 24) -0.96

Source: Based on table 3.5 and 4.6.

The difference is significant. It should be stressed
that some sectors which have very little trade relative to
output, and the lowest rates of total factor productivity
change, namely Import-sheltered food manufacturing, Printing
and publishing, and Private services, are included in the
tradable sector. If they were included in the non-traded

sector, the difference would be even more significant.
3.7 SUMMARY

In the first half of this chapter we measured the capital
intensity of 24 different sectors of the economy and also
of two aggregates, the tradable and the non-traded sector.
The measures take account of human as well as physical

capital.

The results are largely consistent with popular con-
ceptions about relative capital intensities. For example,
it was found that Textiles, Commerce, and Private services
are labor intensive sectors and that such sectors as
Electricity, Mining and steel, and Petroleum are intensive
in physical canital. Somewhat more surprising is the rela-
tive labor intensity of Engineering, a weighty sector in

terms of its share of output and of trade.



A comparison of the aggregated tradable and non-traded
sectors revealed that the latter is much more éapital in-
tensiQe. Most of the difference is due to the extreme physi-
cal capital intensity of the Housing and also of the Elec-
tricity sector. However, it was also shown that the Public
sector, somewhat unexpectedly, is more capital intensive
than the tradable sector, both in terms of physical capital
and in terms of physical-cum—human capital. The capital
intensity of the tradable sector increases substantially
over time, while the capital intensity of the non-traded
tends to fall, primarily because the composition of the

non-traded aggregate changes.

The stability of the observed carital intensity diffe-
rentials over time was tested by correlating the rankings
for the years 1950, 1958, 1966, and 1974. All rank correla-
tion coefficients were found to be positive and highly
significant. We concluded that although some capital inten-
sity reversals have taken place, they are not an important
feature of technical change.

In the second half of the chapter we attempted to
estimate rates of change in total factor productivity for
three periods, 1950-58, 1958-66 and 1966-74. It was found
that the relative rate of total factor productivity change
is low in private and public services. Other sectors with
very low rates are Import-sheltered food manufacturing,
Printing and publishing and Construction. The three sectors
with the highest rate of technical progress are Import-com-
peting food manufacturing, Iron and steel and Engineering,

all of which are highly exposed to foreign competition.

Finally, we found a significantly higher rate of change
in total factor productivity for the aggregate tradable

sector relative to the aggregate non-traded sector.
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CHAPTER 4 CHANGES IN ALLOCATION AND PRICES*

4.1 INTRODUCTION

Changes in the allocation of output (value-added) and of
primary resources as well as changes in relative prices of
value—-added are described in this chapter. As in chapters
2 and 3 the emphasis is on pure description.

As seen within the theoretical framework outlined in
chapter 1, this chapter deals with movements both in depen-
dent and independent variables, whereas the previous two
chapters were concerned with changes only in independent
variables: factor endowments, factor proportions and tech-
nical change {total factor productivity change). Allocation
of resources and of output within the tradable sector is en-
dogenous within our theoretical framework as well as prices on
non-traded goods, while prices on traded goods are assumed to
be given on the world market, outside the influence of the
small country, and the extent of non-traded output is deter-

mined exogenously by domestic demand.

The changes in allocation and prices which are observed
in this chapter will allow us to draw conclusions about the

properties of the demand for non-traded goods. Changes in

* Research assistance was provided by Parameswar Mandakumar.
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the demand for non-traded goods affect allocation in the
tradable sector and are therefore important to determine.

_ The plan of the chapter is as follows. Allocations at
different points in time are described in section 4.2, for
value-added, and in section 4.3, for primary resources. Parti=~
cular interest is given the allocation between tradable and
non-traded goods, because of its central place in the analytical
framework. In section 4.4 some important relative price changes
are noted. Section 4.5 contains a brief summary and an obser-
vation about what implications the recorded development has for
the demand for non-traded goods.

4,2 CHANGES IN THE ALLOCATION OF VALUE-ADDED

Consider table 4.1, which shows the allocation of value-
~added in constant prices between 24 sectors of the Swedish
economy in 1950, 1958, 1966 and 1%974. The disaggregation is
the same as in chapter 3.

We note first that there is considerable variation in
size between sectors, from Engineering, with a share of total
value-added in 1974 of 16.1 per cent, to Other manufacturing,
with a share of 0.2 per cent., To get a picture of the degree
of concentration in the sector structure, and also of changes
in concentration, we have calculated the combined share of
the 2, 4 and 8 largest and smallest sectors respectively in
1950, 1958, 1966 and 1974, see table 4.2.

A modest tendency towards increased concentration, as
measured by these shares, is seen in the table. Most of the

increase is due to the relative growth of Engineering.
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Table 4.1 Sectoral shares of total value-added in constant
prices in 1950, 1958, 1966 and 1974

Sector Percentage shares
1950 1958 1966 1974
1  Agriculture 7.2 5.0 3.1 2.9
2  Forestry 3.9 3.5 2.6 2.4
3  Mining 1.4 1.6 1.7 2.0
4  Import-sheltered food mfg 3.0 2.1 1.4 0.9
5 Import-competing food mfg 0.5 0.7 1.0 1.0
6 Beverage and tobacco 0.5 0.5 0.4 0.4
7 Textiles and clothing 4.4 3.2 2.8 2.1
8 Wood and wood products 4,2 4,0 4.6 5.4
9 Printing and publishing 2.4 2.0 1.7 1.3
10 Rubber 0.3 0.4 0.5 0.5
11 Chemicals 1.3 1.6 1.8 3.0
12 Petroleum 0.2 0.2 0.4 0.4
13 Non-metallic minerals 1.6 1.3 1.5 1.2
14 1Iron and steel 1.2 1.8 2.8 3.2
15 Engineering 8.0 10.3 13.9 16.1
16 Ships 1.0 1.2 1.1 1.4
17 Other manufacturing 0.3 0.3 0.2 0.2
18 Electricity, gas and water 2.0 2.6 2.7 3.2
19 Construction 9.8 9.8 10.2 8.7
20 Commerce 8.8 9.3 9.0 . 8.4
21 Transport 5.5 5.6 6.0 6.5
22 Housing 10.1 10.8 9.2 8.0
23 Private services 11.6 11.1 10.8 9.2
24 Public sector 10.7 11.2 10.7 11.6

Source: SM N 1975:98, Appendix 4.

Table 4.2 Concentration in the sector structure itn 1350, 1558,
1966 and 1974

Percentage shares of total value-acded

13950 1958 1866 14374
2 largest sectors 22.3 22.3 24,7 27.7
4 " " 42,2 43,4 45,6 45.6
8 " " 71.7 73.1 74,4 73.9
2 smallest sectors 0.5 a.5 0.6 0.6
4 " " 1.5 1.4 1.5 1.5
8 " " 6.4 6.2 6.5 5.9

Source: Table 4.1.
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Turning next to changes for individual sectors in table
4.1 an important change is the drop in Agriculture's share,
from 7.2 per cent in 1950 to 2.9 per cent in 1974, Textiles
and clothing and Private services also have shares which de-
crease by more than 2 percentage points. Many sectors ex-
perience substantial increases or decreases in relative terms,
although their absolute shares generally are quite small. The
shares of Mining, Import-competing food, Chemicals, Petroleum
and Iron and steel are doubled or more than doubled, while
the shares of Import-sheltered food and Textiles and clothing

are more than halved.

An important distinction for analytical purposes which
is made in chapters 1 and 3 and again in chapter 6, 7 and 8
is that between tradable and non-traded goods. The shift in
output allocation between the tradable and non-traded sector

is given in table 4.3:

Table 4.4 Lotal value-added in constant prices divided between
the tradable and non—traded sector in 1950, 1958,
1366 and 1874

Sector Percentage shares

1950 1958 1966 1974
Tradable 67.4 65.6 67.2 68.5
Non~traded (18,19,22,24) 32.6 34.4 32.8 31.5
Source: Table 4.1.

The non-traded sector of the economy, which consists of
sectors 18, 19, 22 and 24, has a fairly constant share of total

cutput over time,

Finally, note in table 4.1, that the Public sector's share
of total output is more or less constant when measured in con-

stant prices,
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4.3 CHANGES IN THE ALLOCATION OF FACTORS OF PRODUCTION

The allocation of primary inputs is generally not the same as
that of output. Differences are attributable to differences in
factor proporticns between sectors, and to differences in the
efficiercy (factor productivity) with which factors are used

in production. A labor intensive sector with low efficiency,
such as Commerce, will have a larger share of the total labor
supply than it has of output. If its efficiency does rot in-
crease over time its labor share is likely %o increase relative
to its output share. The allocation of factors of production

in 1950 and 1974 is shown in caile 4.4:



Table 4.4 Sectoral shares of total supplies of labor (L),
phys¢cal (K) and human (H) capital in 1950 and 1974

Percentage shares

Sector 1950 1974
L K H L K H

1 Agriculture 17.7 8.1 0.0 5.1 4.1 0.0
2 Forestry 3.2 0.5 3.1 1.5 0.6 1.0
3  Mining 0.6 0.3 0.9 0.5 0.7 0.8
4  Import-sheltered food mfg 2.3 1.0 2.1 1.5 0.7 1.2
5  Import-competing food mfg 0.6 0.4 0.5 0.6 0.5 0.7
6  Beverage and tobacco 0.4 0.2 0,7 0.2 0.2 0.3
7  Textiles and clothing 6.3 1.2 4.5 1.8 0.7 1.3
8 Wood and wood products 5.4 2.3 4.6 4.3 3.6 4.6
9 rinting and publishing 1.6 0.7 2.7 1.7 0.9 2.4
10 Rubber 0.5 1.0 0.4 0.4 L3 0.5
11 Chemicals 1.1 1.4 1.6 : 2.2
12 Petroleum 0.2 0.1 0.2 0.1 0.2 0,1
13 Non-metallic minerals 1.6 1.0 1.9 1.1 0.9 1.2
14 Iron and steel 1.7 1.4 z2.9 2.0 2.3 3.0
15 Engineering 10.2 3.0 13,1 12.8 4.1 12.8
16 Ships 1.0 0.4 1.5 1.0 0.4 1.6
17 Other manufacturing 0.4 0.1 0.4 0.2 0.1 0.2
18 Electricity, gas and water 0.8 4.8 1.2 0.9 8.1 0.8
19 Construction 7.7 0.7 11.8 9.3 1.4 10.5
20 Commerce 11,7 1.6 10,2 13,0 3.5 9.0
21  Transport 7.6 9.4 10.4 7.1 8.8 5.0
22 Housing 0.5 50.5 0.5 0.7 39.5 0.8
23 Private services 9.0 1.2 4.8 11.0 3.3 7.8
24 Public sector 8.2 10.0 20.2 21.8 14,2 32.4

Sourze: SM N 1975:98, Appendix, 2, 4 and 5.
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Agriculture experiences a substantial decrease in its
share of labor, which drops from 17.7 per cent to 5.1 per cent
between 1950 and 1974. The decrease in its physical capital
share is also great, but smaller than the fall in the output
share. It is evident that the relative decline of Agriculture
has been accompanied by an increasing toctal factor productivity

relative to other sectors {cf. table 3.2 and 5.8).

It was shown in the previous section that the Public
sector’'s share of output is constant over time., This can be
contrasted with its labor share, which has increased by 166
per cent, and its physical and human capital shares, which

have increased by 42 and 60 per cent respectively.

The Housing sector commands a very high proportion of the
physical capital supply. Its share has decreased substantially
in percentage terms, however, from 50.5 to 39%.5 per cent, It
is also notable that Engineering does not have as high increases
in its factor shares as in its output share, i.e. it has a high
rate of total factor productivity advance {(cf. table 3.5}. Tex~-
tile and clothing's rapid productivity increase is also evident
by a comparison of input and output shares in 1950 and 1974.

In contrast, the decrease in total factor productivity in Pri-
vate services is reflected in substantial relative increases
in physical and human capital shares, at the same time as the

output share is falling, see table 4.1.

Let us next turn to the division between tradable and
non-traded goods employed in the previous section. Table 4.6
below shows how factors are allocated between the two sectors
in 1950 arnd 1974:
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Table 4.5 The allocation of labor (L), physiecal (K) and human
() capital between the tradable and non-traded
sector in 1950 and 1974

Percentage shares

Sector 18680 1874

L K H L K H
Tradable 82.8 34.0 66.3 67.3 36.8 55.5
Non-traded (18,19,22,24) 17.2 66.0 33.7 32.7 63.2 44.5
Source: Table 4.4.

The non-traded sector increases its shares of labor and
human capital substantially between 1950 and 1974, A major part
of the increases is due to the Public sector., The physical
capital share, on the other hand, falls somewhat. The fall
depends on the decrease in Housing's physical capital share,
which is only partially countered by increases for the other
sectors making up the non-traded sector. A comparison of
table 4.5 with table 4.4 reveals that while the non-traded
sector's shares of inputs generally have increased sub-
stantially, its output shares are constant or falling. This
is another illustration of the low rate of total productivity
change in the non-traded sector compared to the tradable sector

which was shown in chapter 3.
4.4 CHANGES IN RELATIVE PRICES

To describe changes in relative prices of value-added we
choose to compare the allocation of value-added in current
prices with that in cornstant prices over time. The current

price allocation is shown in table 4.6:
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Table 4.6 Sectoral shares of total value-added in current
prices in 1950, 1958, 1966 and 1974

Sector Percentage shares

1350 1858 1966 1974
1 Agriculture 6.7 4,9 3,2 2.7
2  Forestry 4.4 3.9 2,6 2,6
3  Mining 1.3 1.7 1.2 1,0
4 Import-sheltered food mfg 2,9 2.3 2.5 2,1
5 Import—-competing food mfg 0.6 0.6 0,8 0.9
6  Beverage and tobacco 0.6 C.5 0.5 0.4
7  Textiles and clothing 4.9 3.0 2.3 1.4
8 Wood and wood products 5.6 4.2 4,0 6.7
g Printing and publishing 1.9 1.9 2.1 1.9
10 Rubber 0.4 0.4 0.4 0.4
11 Chemicals 1.4 0.4 1.7 2,6
12 Petroleum 0.2 0.3 0.3 0.3
13 Non—metallic minerals 1.5 1.2 1.4 1.0
14 TIron and steel 1.6 1.8 2.0 2.3
15 Engineering 9.7 10.1 10.7 12.4
16 Ships 1.0 1.1 0.8 1.0
17 Other manufacturing 0.3 0.3 0,2 0.2
18 Electricity, gas and water 2.0 2.6 2,2 2,2
19 Construction 9.0 .7 11.6 7.2
20 Commerce 9.5 9.3 10.0 9.1
21 Transport 5.6 5.6 5.1 4.8
22 Housing 10.8 10.2 9.2 7.2
23 Private services 8.4 12,5 10,9 10,6
24 Public sector 8.8 10.8 14,3 19.1

Source: SM N 1975:98, Appendix 4,

By comparing table 4.6 with table 4.1 we find particu-
larly big differences between changes in current and constant
price shares for Import-sheltered food, Printing and publishing,
Iron and steel, Engineering, Ships, Electricity, gas and water

and the Public sector. (All these sectors have very high or
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very low rates of total factor productivity change, see table
3.5). Note in particular the more or less constant share for
the Public sector in constant prices, and the big increase

in the current price share, from 8.8 per cent in 1950 to 19.1

per cent in 1974.

Again, let us make a division between tradable and non-
~traded sectors and see how current price value-added is allo-

cated between them:

Table 4.7 Total value-added in current prices divided between
the tradable and non-traded sector in 1950, 1958,
1966 and 1874

Sector Percentage shares

19560 1958 1966 1974
Tradable 69.4 66.7 62.7 64.3
Non-~traded (18,19,22,24) 30.6 33.3 37.3 35.7
Source: Table 4.6

A comparison between table 4.7 and table 4.3, with constant
price shares, reveals that the relative price of non-traded
goods has increased. The non-traded sector's constant price
shares are constant over time or falling, while its current
price shares are rising. Most of this relative price change is

due to the sharply increased relative price of public services.

4.5 SUMMARY

The allocation of value-added between 24 sectors of the economy
exhibits some substantial changes between 1950 and 1974. In
particular, the share of the Engineering sector is doubled,
from 8.0 to 16.1 per cent. The degree of concentration in the
sector structure is increased somewhat, mostly bhecause of the

relative growth of Engineering.



A division of sectors into tradable and non-traded yields

the following observations:

1. The non-traded sector has a more or less constant share
of value-added in constant prices. Its current price share, on
the other hand, is increasing. Hence, the relative price of

the non-traded sector is increasing also.,

2. Although the non-traded sector's share of constant price
value-added is constant, its share of the labor supply is
doubled and of the human capital supply increased by some

30 per cent. This reflects both a more or less constant
capital intensity and low relative rate of total factor

productivity change, as was shown in chapter 3.

The observation made under 1. above allows us to draw
conclusions concerning the demand for non-traded goods. A
constant proportion of non-traded goods in total cutput means,
when looked at from the demand side, that the demand for non-
-traded goods has been a constant proportion of total demand.
Let us view total demand as made up of only two components:
demand for non~traded goods and demand for tradable goods.
Given the rise in the (relative) price of non~traded goods and
the increase in total income, two parameters in the demand func-
tion for non-traded goods determine demand, namely the price
and income elasticity of demand. If the price elasticity were
zero, it follows that the income elasticity is equal to one
for both goods; only then will the composition of total demand
remain fixed. Hence, at a negative price elasticity the income
elasticity for non-traded goods must be greater than one. We
makeAthe reasonable assumption that the price elasticity has
some negative value. The income elasticity is therefore like-

ly to have a value greater than unity.

Another possible interpretation of the development of
demand is that there has been a shift in taste towards non-
-traded goods. It is not possible to discriminate between an
explanation in terms of a high income elasticity and an ex-
planation which is based on a shift in taste.
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CHAPTER 5 CHANGES IN FOREIGN TRADE*

5.1 INTRODUCTION

Let us briefly recapitulate what the model in chapter 1 has

to say about foreign trade. It is technology, tradable prices,
factor endowments, and the demand for non-traded goods which
determine how much and which tradables are produced. Domestic
demand for tradables plavs no role for resource allocation
within the tradables sector. Once outputs of tradables are
determined it is however domestic demand for tradables which
determines which of the goods will be exported and which will
be imported. Hence, the model determines the proportion of
total trade to total output, or income. Total income is given
once factor endowments and factor prices are known. The pattern
of trade, the composition of exports and of imports, is also

determined.

It was argued that a country will tend to produce more of
tradable goods which are intensive in the country's abundant
factor{s) and less of tradable goods which are intensive in
the scarce factor({s) than is consumed domestically. Hence, in
a world with capital and labor as the only factors of produc-

tion, a capital abundant country will export capital intensive

¥ Research assistance has been provided by Parameswar Nandakumar.
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and import labor intensive goods. In other words, its comparati:

advantage will depend on its factor endowment position relative
to the rest of the world.

Although the small country is assumed to be unable to in-
fluence world market prices, it can influence domestic prices
by putting tariffs on imports. It was shown that a tariff, or
a change in tariffs, affects resource allocation and, hence,

both the relative size and the pattern of trade.

In this chapter we attempt to determine and describe
the real~-world counterparts of the different aspects of trade
in the model: the relative size of trade, the trade pattern,
comparative advantage, the terms-of-trade and the tariff
structure. The contents of the chabter are arranged in the
following way. Changes in the relative size of total trade
are described in section 5.2. The section also contains a
description of the extent of intra-~industry trade, a pheno-
menon which is not present in the theoretical model of
chapter 1. The following section 5.3 discusses the theoretical
implications of the existence of intra-industry trade, and in
particular the implications for our choice of theoretical
approach. In section 5.4 changes in the pattern of exports
and imports are shown. An attempt to test for Sweden's compa-
rative advantage and its change over time is in section 5.5.
In section 5.6 we give a brief account of the results of other
tests of Sweden's comparative advantage. It serves to put our
conclusions in section 5.5>on somewhat firmer ground. The
development over time of the terms-of-trade is described in
section 5.7. Section 5.8 describes the tariff structure and
also the association between tariff levels and factor provor-
tions. Section 5.9, finally, contains a summary of the main

findings.



5.2 CHANGES IN THE RELATIVE SIZE OF TRADE

The extent to which a country participates in the inter-
national division of labor is commonly (but not always)
measured by the ratio between aggregate exports {(or imports)
and aggregate outnut. Changes in the degree of international
specialization over time are interesting in themselves, and
this is one reason for our interest in the export-output

ratio.

Another reason for our interest is that the ratio under
some assumptions about changes in export and import prices is
an elasticity of real national income with respect to the
terms~of-trade. Terms~of-trade effects on real income can be
expressed as (see Caves and Jones [1973])

(5.1) v =

8.p.

i¥i

fte~ 3

i=1
where § is the relative change in real income y, ﬁi is the
relative change in price P; of good i (i=1,...,n) and Si =
= pi(Xi - Di>/y is the value share of excess demand i

(i =1,...,n). The excess demand for good i is positive for
exportables 1 = 1,...,m and negative for importables

i =m+l,...,n.

Assume now that all prices on exportables change at the
same rate, and likewise for all prices on importables, i.e.

P; = Pg i=1,...,m

m+l,...,n

o]
"

]

T
=

-

I
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Substitute these price changes into (5.1) to obtain

mo . n .
B;p. + B.Py-
i=1 UE o jemey UM

(5.2) v =

The sum of positive value shares igl Bi is simply the
aggregate export-income (output) ratio, which is equal to
the sum of negative value shares i=g+1 Bi except for sign.
Hence, we can write (5.2) as

(5.3) Y = Bg(Pg = By

m

where BE = 'Zl Bi. By (5.3) the aggregate export-income ratio
1=

is the elasticity of real national income with respect to

changes in the terms-of-trade.

It should be stressed that to arrive at (5.3) we held
relative prices among exportables and among importables
constant. All exportables have effectively been aggregated
to one export good and all importables aggregated to one
import good.

5.2.1 The aggregate export=-output ratio

The development of the ratio between total exports and GNP
from 1950 to 1954 is shown in table 5.1 below. (The import-
~output ratio shows an almost identical development over
time.)
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Table 5.1 Export=-GNP ratios., 4-year averages (except for
1950-54)

1950-54 1956-58 1359-62 1965-66 1967-70 1971~74

Current prices 0.23 0.23 0.22 0.22 0.23 0.29
Constant prices 0,19 0.21 0.23 0.28 0.30 0.39

Sources: SM N 1975:98, Appendix 3 and 4.

As can be seen, the constant price ratio rises steadily, from
0.19 to 0.39. The ratio in terms of current prices, on the

other hand, is more or less constant, with the exception of

the last period 1971—74.l The conflicting trends are explained
by two factors. First, there has been a rise in the volume of
trade relative to the output volume, as recorded by the constant
price time series. Second, the relative price of tradable
commodities has been falling, as described in the previous
chapter. The rise in volume has been sufficient to counter

the fall in relative price for the current price ratio to

remain constant for most of the period.

5,2.2 Sectoral export—output and import-output ratios

The trend of increased trade relative to output is quite
strong in some sectors, see table 5.2 which shows export-
~output and import-output ratios in 1959, 1966 and 1974,

(We cannot go back to 1950, because official trade statistics
classified according to industry do not exist earlier than
1959.)

1 ve upturn in 1971-74 was temporary, as data for the end of the 1970's
show, and was mainly caused by a temporary shift in relative prices
towards natural resource based goods, such as iron ore and forest
products, which are important Swedish exportables.
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Table §.2 Sectoral export-output (E/0) and import-output
(M/0) ratios.l Constant prices,

Sector 1959 13686 1374
E/0  M/O T E/0 M/O E/0 M/0
1 Agriculture 4.4 20.3 5,7 25.6 7.7 25.9
2  Forestry 5.2 3.3 7.2 2.0 4,6 3.9
3 Mining 70.7 64.4 59.6 54.8 66.9 61.1
4  Import-sheltered 3.0 4.3 4,0 5.0 4,2 7.4
food mfg.
5 Import—competing 5.7 30.7 3.9 28.5 7.2 34,5
food mfg.
6 Beverage and tobacco 2.2 15.1 2.1 24,6 3.8 26.2
7 Textiles and clothing 5.0 24.8 12.1 38.1 30.0 74.4
8 Wood and wood products 44,9 2.0 42,9 3.4 46,1 5.3
9 ?rinting and publish- 1.1 1,7 2.8 3,0 4.7 4.7
ing
10 Rubber 15,2 19.3 23.4 32.9 40,9 54,6
11 Chemicals 17.2 43,6 22,9 55.4 30.3 61,2
12 Petroleum 23,7 282.8 30,5 288.6 70.7 196.0
13 Non-metallic minerals 7.6 13.8 7.5 1l4.4 14,5 23.1
14 Iron and steel 28,7 37.4 31.9 31,7 41.8 34.9
15 Engineering 26.0 32.7 33.0 31.8 49,3 40.3
16 Ships 50.4 22.4 45,7 20.9 52.4 37.0
17 Other mfg. 9.4 36.8 25.4 64.7 52.8 90,0
18 Electrjcity, gas and - - - - - -
waterzs
19 Constructionz) - - - - - -
20 Commerce 2,0 1.7 1.5 1.5 6.5 3.7
21 Transport 26,4 4.9 24,2 5.8 29,5 10.4
22 HousingZ) - - - - - -
23 Private services 6.7 3.8 5.8 2.9 8.7 5.5

24  Public sectorz) - - - - - -
1) Export and import values divided by output values.
2) No exports and imports reported.

Sources: Unpublished data from Ministry of Economic Affairs; SM N 1975:98
Appendix 4.



There is considerable variation in the degree to which
goods are traded in the different sectors. A few sectors have
no recorded trade at all: Electricity, gas and water, Construc-
tion, Housing, and the Public sector. Four sectors have quite
small export- and import-output ratios: Forestry, Import-shelterec
food manufacturing, Printing and publishing, and Commerce. Among
the most traded sectors are Mining, Textiles and clothing (in
1974}, Rubber (in 1974), Chemicals, Petroleum, Engineering and

Ships.

Obviously there is also considerable variation in the

sectors, since many are made up of

Q,

egree of trade witih

uite heterogeneous goods. The Transport and Private services

o)

{,’J

ctors are cases in point. Most of the exports of transport
services are due to the shipping industry. Its services are
certainly traded to a much greater extent than, say, those of
Swedish railroads. Many private services are virtually non-traded,
as restaurant services, while others are traded extensively, as
for example the services of management and engineering consul-

tants.

Another general observation which can be made based on
cable 5.7 is the presence of substantial <nzra-industry trade.

Few sectors can be classified as exportables or importables.

In a loose way we can classify Agriculture, Import=-
~competing food manufacturing, Beverage and tobacco and,
possibly, Petroleum as importaple sectors. In the same manner
Wood and wood products stands out as a sector which produces
exportables. But most sectors have export-output and import-
-output ratios which are of the same order of magnitude or

where both are of significant size.

The amount of intra-industry trade recorded in table
5.2 1is to some extent a function of a high level of aggrega-
tion. For example, disaggregation of Engineering would dis-

solve much of the intra-industry trade, as demonstrated by



Lundberg [1981]. Section 5.3 contains a discussion of the
determinants of intra-industry trade, including the effects

of statistical classification and aggregation.
5.3 INTRA-INDUSTRY TRADE

We have observed that Sweden's aggregate export-output ratio,
in terms of constant prices, has been increasing, mainly as

a result of increasing Zntra-industry trade and not inter-
—~industry trade. Such a development is aifficult to explain
within the framework of Heckscher-Ohlin theory. If all goods
produced within a sector uses factors of production in identi-

cal proportions there is no basis for Heckscher-Chlin trade.

How is one to explain the existence of intra-industry
trade? The answer to this question, which by now has given
rise to a considerable literature,has obvious relevance for
the present study, which rests on Heckscher-Ohlin theory. Of
Sweden's trade in 1974 some 67 per cent was intra-industry
trade at the level of aggregation employed here.l Many in-
dustrial countries have intra-industry trade as a proportion of
total trade in manufactured commodities in excess of 70 per cent,
France, the United Kingdom, the Netherlands, West Germany,
Austria, Canada, Italy, Denmark, and Belgium in 1972 accord-
ing to Aquino [1978]. Moreover, the proportion of intra-
-industry seems to be rising, Lundberg [1981] reports such a
development in Swedish manufacturing trade and Balassa [1966],
Grubel [1967], Hesse [1974], Grubel and Lloyd [1975] and Aguino
{1978] all show growing intra-industry trade in the trade of

other industrialized countries.

It is commonly thought that much of what is registered
as intra-industry trade is due to statistical misrepresenta-

tion. Activities with different factor proportions have

E]Xi-Mii
Defined e,
efined as 1 Exi < EMi

28
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wrongly been put in the same statistical sector so that what
in fact is inter~industry trade is registered as intra-industry

trade.

It is certainly true that our sector disaggregation is
based on other considerations than factor proportions simila-
rity, as was noted in chapter 3, and therefore that some
intra-industry trade is a statistical phenomenon. Also, the
level of aggregation is qguite high, with all engineering in-
dustries in one sector, so that one expects a high degree of

variation in factor proportions within the different sectors.

However, when Hesse [1974] calculates the proportion of
intra~industry trade on the basis of more disaggregated classi-
fications than the three-digit SITC he still finds a high
level of intra-industry trade. In a recent study of Swedish
intra-industry trade and its determinants Lundberg [1981}]
calculates the proportion of intra-industry trade for 3-,

4- and 5-digit SNI manufacturing industries. His results are

reproduced in table 5.3 below:

Table §,4 Iintra-industry trade in per cent of total Swedish
trade with groups of countries in 1977, computed on

different aggregations levels,

Country group 3-digtt 4-digit S=digit
1. Other LDC:s 7.6 6.8 5.7
2. Asian NIC:s 17.1 14.4 12.5
3. South Europe 28.5 25.9 14,2
4, EEC 57.6 55.8 52,6
5. Other Western Europe 68.1 65.9 65.8
6. Other Industrial 70.9 51.5 51.4
Countries

7. Planned economies 28.9 23.2 27.4
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Table 5.3 (continued,

Notes: Shares are unadjusted for current account imbalances in bilateral
flows. Trade data have been computed for manufacturing industries
on the 3-digit (first column) and 4~digit (second column) levels
of the SNI, which is practically identical with the ISIC, There
are in all 29 3-digit and 77 4-digit groups. For 23 4~digit
groups, trade data have been disaggregated to a 5-digit industry

level (third column), following a classification made by the
World Bank (Marufacturing. Concordance betweew ISICU and SIiC

classtficatiors, Mimeo, May 1979), giving 62 sub-groups. Note
that the data in column 3, unlike columns 1 and 2, do not cover
all trade in manufactured products.

Country notes:

1. Africa, excl, Rhodesia and South Africa, Middle East, excl. Israel
and Turkey, South Asia, South East Asia, excl. Singapore, Pacific
Islands, Central and South America.

2. Hongkong, Macao, Singapore, Taiwan, South Korea.

3, Greece, Portugal, Spain, Cyprus, Gibraltar, Israel, Malta, Turkey,
Yugoslavia.

4, Belgium, Denmark, France, Fed. Rep, of Germany, Ireland, Italy,
Luxembourg, Netherlands, United Kingdom.

5. Austria, Finland, Iceland, Norway, Switzerland.
6. USA, Canada, Japan, Australia, New Zealand, Rhodesia, South Africa.

7. Albania, Bulgaria, Czechoslovakia, Dem. Rep. of Germany, Hungary,
Poland, Romania, USSR, China, Cuba, Kampuchea, North Korea, Laos,
Mongolia, Vietnam,

Source: Reproduced from Lundberg [1981], table 2.

The proportion of intra-industry trade is in most cases
affected very little by disaggregation. About 60 per cent of
Sweden's trade is with EEC and Other Western Europe, and

here the proportion is reduced only marginally.

Aquino [1978] tries a different route to resolve the
problem of inappropriate industry classification. He re-
classifies products according to technology irntewsity, which
he considers to be a key variable. Hence, his classification

is based on factor proportions differences, namely differences



in the proportion of technology inputs in total inputs. Despite
the reclassification intra-industry trade as a proportion of

total trade remains high.

If one accepts the existence of intra-industry trade
even at much lower levels of aggregation, it becomes necessary
to resort to other explanations of trade than the factor
proportions theory. This is even more so when one considers
the fact that intra-industry trade is a growing proportion
of trade, and that trade relative to output is also growing.
Within the Heckscher-0Ohlin framework the tendency in Sweden
and other industrialized countries of growing trade-output
ratios must be explained by increasing dissimilarity in
factor endowments (assuming a neutral influence from demand).
Ssuch an explanation is hardly plausible, since it is probable
that postwar economic development has made the industrialized
countries, which mainly trade with each other, more similar

in their endowments.l

Among alternative or rather complementary theories of
trade we will only menticn two, namely the theories of
Burenstam-Linder [1961] and others, which build on a combi-
nation of differences in income levels, economies of scale,
product differentiation and monopolistic competition, and the

Ricardian theory, based on differences in technology.

1
In chapter 6 it 1s demonstrated, as a specilal case, that a country

can change its factor endowments in its tradables sector in a more
specialized direction, so that trade's relative share increases, by
changing the factor proportions in the non-traded sector, or by ex~
panding or contracting the non-traded sector. Thus, it is the factor
endowments of the tradable sector which are relevant.

For a further discussion of the role of income levels, product diffe-
rentiation, dynamic technology differences, and economies of scale for
foreign trade, particularly intra-industry trade, see Caves and Jones
[1973], chapter 1l. Hufbauer [1970] gives a comprehensive survey of
hypotheses and tests of trade patterns up to 1970.
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It seems likely that factor proportions differ not only
within a statistical sector at a given set of factor prices,
but also between countries in the production of narrowly de-
fined commodities. Comparative costs should differ for this
reason and give rise to intra-industry trade. Such technology
differences may be dynamic as well as static in nature.
Vernon's [1966] product cycle theory of trade should be seen
as a dynamic version of the Ricardian theory. It is possible
that the theory explains more of international trade than the
Heckscher~Ohlin theory. Some studies confirm the product
cycle character of trade for countries with a high level of
innovation, such as the U.S. See Gruber, Mehta and Vernon
{1967] and Hufbauer [1970].

A second set of theories, associated with the names of
Burenstam-Linder [1961], Dréze [1960], and Grubel and Lloyd
{1975],builds on several elements, which are given different
weights in the different versions of the theory. Very briefly,
it is argued that similarity in income levels, product diffe-
rentiation, monopolistic competition, and economies of scale
combine to give more trade between countries, and more intra-
-industry trade.l

Products, it is argued, are typically differentiated by
design, functional details, image created by advertising, etc.,
and the market structure is one of monopolistic competition.
Trade givesconsumers the possibility to buy variants of a
product which is not available in the home country. The more

Recently a number of formal trade models have been constructed to in-
corporate product differentiation, monopolistic competition, and
economies of scale, e.g. by Krugman [1980), Dixit and Norman {1980],
Lancaster [1980], and Helpman {1980]. The models explain 7»nter-industry
trade by factor endowments differences and the relative size of Znira-
-industry trade by econcmies of scale, monopolistic competition and
product differentiation. Helpman obtains the result that the proportion
of intra-industry trade in total trade declines when the difference in
factor endowments (capital-labor ratios) becomes greater. When there

is no difference in factor endowments all trade is intra-industry trade.
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differentiated products are, the greater is the potential trade
between countries, in particular within the same industries
(Grubel and Lloyd [1976]). If in addition income levels are
similar in trading countries, one expects demand to be simi-

lar also. This will increase the possibility that consumers want
to buy product variants from other countries (Burenstam Linder
[1961]).l Furthermore, it is sometimes postulated that the
degree of differentiation in demand increases with income.

The existence of economies of scale makes the number of variants
produced in a country less than the number demanded and makes
consumers buy imported variants instead of those availlable

at home. This is particularly true for small countries. Dréze
[1960] argues that Belgian exports are characterized by rela-
tively few standardized intermediate commodities (intermediate
commodities without national characteristics) produced under
economies of scale and imports by differentiated consumer

goods.

In conclusion, it is probable that a substantial part of
the trade between industrialized countries can be explained
by the theories mentioned above and that a relatively small
part is explained by Heckscher-Ohlin theory. Most trade between
industrialized countries is intra-industry trade, even on
very disaggregated levels, which, as mentioned, is hard to
reconcile with the factor proportions theory. Factor propor-
tions differences probably are more important in explaining
inter—~industry trade and trade between countries at>quite

different stages of economic development,

However, one should therefore not draw the conclusion
that it is wrong to use Heckscher-Ohlin theory as the basis
for the present study. Firstly, it must be observed that the
Heckscher-Ohlin model is a full general equilibrium model
which is firmly based on standard neoclassical theory, and
which has thoroughly investigated and well-known properties.
As of now the same cannot be said about the theories outlined

1 . .
The results in table 5.3 are in agreement with this hypothesis.
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above, although formalized models do exist and rapid nrogress
seems assured in the area. Secondly, the present study is also
a test of the usefulness for empirical research of the standard
Heckscher—Ohlin model. In other words, although it is known at
the outset that much trade cannot be explained by factor pro-
portions differences, we wish to gain more precise knowledge
about how useful the model is.

5.4 TRADE PATTERN CHANGES

The pattern of trade has undergone considerable change during
the period 1959-74. We are going to describe these changes in
two ways, namely in terms of changes in export and import
patterns and in terms of changes in the degree of sectoral
trade specialization. The purpose is to see if the patterns
are stable, or if there are some significant and systematic

changes.

5.4.1 Changes in export and import patterns

Sectoral shares of exports and imports in 1959, 1966 and
1974 are shown in table 5.4 below.



Table 5.4 Sectoral shares of total exportis and imports.

Constant prices.

Percentage shares

Sector Imports Exports

1953 1366 18974 1959 1966 1974
1 Agriculture 1.8 1.4 1.1 8.6 6.7 4,2
2  Forestry 0.7 0.6 0.3 0.5 0.2 0.3
3 Mining 4,6 3.3 3.3 4,3 3.6 3.4
4  Import-sheltered food mfg, 1.8 1.6 0.9 2.6 2,0 1.7
5 Import~competing food mfg. 0.7 0.5 0.6 3.9 4.1 3.3
6  Beverage and tobacco 0.1 0.1 0.1 0.8 1.0 0.8
7 Textiles and clothing 1.5 2.4 2.9 7.7 8.0 8.3
8 Wood and wood products 23.8 19.9 15.5 1.1 1.6 2.1
9  Printing and publishing 0.2 0.4 0.4 0.4 0.5 0.5
10 Rubber 0.5 0.7 0.8 0.7 1.1 1.3
11 Chemicals 2.7 3.5 4.9 7.1 8.9 11.2
12 Petroleum 0.8 1.0 2.1 9.8 10.0 6.7
13 Non-metallic minerals 0.9 0.9 0.9 1.7 1.7 1.6
14 TIron and steel 7.3 8.5 7.8 9.6 8.8 7.4
15 Engineering 23.6 31.8 37.2 30.2 31.8 34.4
16 Ships 5.6 4.7 4.2 2.5 2.2 3.4
17 Other manufacturing 0.3 0.5 0.6 1.2 1.3 1.2
20 Commerce 1.9 1.1 2.9 1.6 1.1 1.9
21 Transport 16.1 12,2 10.1 3.1 3.1 4.0
23 Private services 4.9 4.1 3.5 2,8 2,1 2.5

Source: Unpublished data from the Ministry of Economic Affairs.

Under the given sector disaggregation a few sectors
dominate both exports and imports. Of total exports in 1974,
63.4 per cent come from the Wood and wood products, Engineering
and Transport sectors. On the import side, the three biggest
sectors in 1974 are Textiles and clothing,.Chemicals and

Engineering, which have 53.9 per cent of all imports.
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Although trade in both directions is concentrated to a
few sectors there is no upward cr downward trend in concen-

tration. The Gini coefficients of concentration for exports

and imports are:

Table 5.5 (oncentration in exports and imports.

Gini coefficients for sectoral shares of total

exports and imports.

7959 186 1974
Exports 0.67 0.69 0.68
Imports 0.58 0.59 0.59
Source: Based on table 5.4.

The more important changes in the trade pattern are the
following. On the import side Agriculture's share is halved,
from 8.6 per cent in 1959 to 4.2 per cent in 1974. There is
a 4 percentage point increase in Engineering's share, from
30.2 to 34.4 per cent, and in Chemicals' share, from 7.1 to

11.2 per cent.

On the export side the major drops in shares are for
Wood and wood products, from 23.8 to 15.5 per cent, and for
Transport, from 16.1 to 10.1 per cent. The share for Engineer-

ing exports rises from 23.6 to 37.2 per cent.

5.4.2 Changes in net export ratics

Consider first table 5.6. It contains much of the same in-
formation as in table 5.4. But here the interest is on the

net of exports and imports for each sector, and, more precise-
ly, on the degree in which a sector is a net importer or ex-
porter. The reason for the interest in net trade is that net
trade is thought to reveal comparative advantage. More precisely,
intra-industry trade is "eliminated" and inter-industry trade,

which presumably is explained by factor proportions, remains.
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Table 5.6 contains net export ratios, defined as
(exports - imports)/(exports + imports). The value of the
ratio is + 1 when a sector only exports, - 1 when it only

imports, and zero when exports and imports balance.

Table 5.6 Net export ratiosZ)

Sector 1859 1966 1974
1 Agriculture -0.57 -0.64 ~0,43
2  Forestry +0.21 +0.49 +0.25
3  Mining +0.05 +0.04 +0.18
4 Import-sheltered food mfg. ~0.18 -0,11 -0.11
5 Import-competing food mfg. -0.69 -0.76 ~0.53
6 Beverage and tobacco -0.75 -0.85 -0.11
7 Textiles and clothing ~0.67 -0.52 -0.20
8 Wood and wood products +0.91 +0.85 +0.80
9  Printing and publishing -0.21 -0.04 +0,11
10 Rubber -0.12 -0.17 0.00
11 Chemicals -0.44 -0.42 ~0.24
12 Petroleum -0.85 -G.81 -0.20
13 Non-metallic minerals -0.29 -0.31 -0.14
14 1Iron and steel -0.13 0.00 +0.14
15 Engineering ~-0.12 +0.02 +0.20
16 Ships +0.39 +0,37 +0,20
17 Other manufacturing -0.59 ~0.44 +0,10
20 Commerce +0.08 +0.01 +0.29
21 Transport +0.69 +0.61 +0.64
23 Private services +0.28 +0.34 +0.17

1) Defined as (X-M)/(X+M).

Source: Unpublished data from the Ministry of Economic Affairs.

As from table 5.3, with export-output and import-output
ratios, we get a picture of relatively little specialization
on the sectoral level. Only a few ratios have high absolute
values, above 0.80.
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Sweden has a marked export specialization only in Wood
and wood products and in Transport. Sectors with high negative
ratios over time are Agriculture and Import-competing food
manufacturing. Beverage and tobacco and Petroleum have very
high negative ratios in 1959 and 1966, but not in 1974.

Of greater interest than the absolute size of the ratios
is their change over time. If there is a tendency for net
export sectors to become net import sectors, and vice versa,
we have an indication that Sweden's comparative advantage is
shifting. To detect such or other tendencies from the ratios
in table 6.6 figures 5.1 a) and b) have been constructed.
There, the absolute change in the ratio for each sector has
been plotted against its initial value.l As an example, if
the initial value is 0.50 in 1959 and 1.00 in 1966 a point
is obtained on the 45%°-line in the north-east quadrant. If the
initial ratio is - 0.50 and does not change the point will be

on the negative part of the horizontal axis.

An immediate observation is that the two periods 1959-
~1966 and 1966~1974 are different with respect to change in
net export ratios. In the first period the observations are
quite close to the horizontal axis, indicating little overall
change in ratios and, hence, in sector specialization. In
the second period, on the other hand, there is a clear tenden-
cy towards a reversal in specialization. Observations between
the horizontal axis and the 135°-315°-line mean that the initial
ratio has taken on a smaller value but not changed sign. Most
observations, 11 of 20, are in this category. Two sectors have
changed specialization, from being net importers to being net
exporters. It is interesting that no net import sector becomes
more specialized and that changes towards more export specia-

lization are quite small.

1 The diagrammatic technique is taken from Ohlsson {1980].
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Figures 5.1

a) 1959-1966

Change I net export ratios

1.07y Change in net export ratio
0.51
.
o
" i —y Net export
T e o o ratio in 1959
..
-1.0 -0.5 1.0
y = 0.03 - 0.02x RZ = 0,01
(1.17) (0.38)
b) 1966-1974
1.0¢ Change in net export ratio
.
°
* 0.54
o . M
o o ®.
e 135° N
P et export
v + - 7 - + ratio in 1966
-1.0 -0.5 1.0
o®
03¢ y = 0.12 - 0.41x R% = 0.6
(3.50) (5.65)
'—].noal

Source:
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5.5 SWEDEN'S COMPARATIVE ADVANTAGE

According to the factor abundance version of the Heckscher-
Ohlin theorem a country will export goods which are intensive
in the country's abundant factors, and import goods which are
intensive in the scarce factors. In other words, a country's
comparative advantage is determined by her factor endowments
relative to the rest of the world. Goods which are intensive
in the abundant factors will have relatively low autarchy
prices and will be exported when trade takes place. We will
assume, based on some evidence referred to below, that Sweden
is a country which is abundant in physical and human capital
and scarce in raw labor relative to the rest of the world. We
will then test the prediction of Heckscher-Ohlin theory that
Sweden exports capital intensive and imports labor intensive

goods.

First, let us state a strict formulation of the Heckscher-
Ohlin theorem and the assumptions. The formulation is that of
Leamer [1980], except that he interprets the theorem as con-
ditions for determination of a country's factor abundance
whereas we interpret them as conditions for the factor content
of trade and consumption gZven the factor abundance. For

proofs, see Leamer.

Theorem: One of the following sets of inequalities must be
satisfied for a capital abundant country:

(a) K. ~-K >0; L_~-L_<20

X m X m
(b) K, - K >0; L =L > 9; (KX—Km)/(LX—Lm) >KC/LC
(c) K = K < 0; L, - L, < 0; (KX - Km)/(LX - Lm) < KC/LC

where K , K, L , L , XK , L_ are capital and labor embodied
X m X m c c

in exports, imports and consumption.
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The assumntions are:

(i) Commodities are freely mobile internationally.

(i1) Factors are perfectly immobile internationally.

(iii) All individuals have identical homothetic vreferences.

(iv) Production functions are the same in all countries and

exhibit constant returns to scale.

(v} There is perfect competition in the goods and factor
markets.
(vi) Factor prices are equalized across countries.

Inequalities (b) and (c) are applicable for the case
when a country runs a trade surplus or deficit and may be a
net exporter or importer of both capital and labor. However,
Swedish trade was practically balanced in the three years for
which we test the theorem.l Hence, we are going to see if in-

equality (a) is fulfilled.

We note that inequality (a) is equivalent to

bl
ﬁl%
3

X >
L

<
=]

K, - Km > 0 implies KX/Km > 1, and LX - Lm < 0 implies
/ < . X
LX,Lm 1. Thus KX/Km > LX/Lm, and KX/LX > Km/Lm.

As mentioned, our test assumes that Sweden is a capital
abundant country. Ohlsson [1980] has surveyed the evidence on
Sweden's factor endowment position. They show that Sweden is
not the most human and physical capital abundant industrial
country in the early 1960's, but Ohlsson concludes that "a
comparison between Sweden and the rest of the world as a
whole would probably rank Sweden as the more capital abundant

area”.

Exports of goods and services in current prices were 14,400, 26,280,
and 81,230 million SK and imports 14,372, 27,060, and 83,189 million SK
in 1959, 1966 and 1974 respectively (SM N 1975:98, Appendix 3).



The test amounts to computing the weighted average
capital-labor ratio in exports and imports, and to a compa-
rison of the ratios. As weights we use the sectoral shares
of exports and imports shown in table 5.4, and the capital-
labor ratics are from table 3.72. All four capital-labor
ratios are used, although we consider the ratios based on
value~added data to be less reliable than the ones based on

stock data for reasons given in chapter 3.

It should be stressed that the four carital-labor ratios
are based on direct (value-added) input recquirements, and not
on total requirements, as for example in Leontief's [1954]
study. On theoretical grounds total input requirements are pre-
ferred. Our reason for using direct requirements is that we wis!
to test the theorem for three different years to see if there
are changes over time. Compatible input-output tables, which
are necessary for computing total requirements, do not exist
for all three years. We have chosen instead to base the test
on direct input requirements, on the assumption that direct
and total requirements are similar. An alternative would have
been to assume that a particular set of input-output coeffi-
cients are constant over time, and to use the same set for

all three years.

However, we have also calculated the weighted average
(human and physical) capital-labor ratio of exports and im-
ports for one of the years, 1966, using toifql input require-
ments. Hence, table &.7 contains five different measures of

the factor content of Swedish foreign trade.
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Table 5.7 Weighted average capital intensity of Swedish
exports and imports <n 1953, 19€€ and 1974.

Capital=-labor Exports Imports

ratio 1559 1966 1974 1959 1966 1974
‘ 3.25  3.60  2.63  2.87  2.83  2.24
< 1.81  1.90  1.78  1.41  1.14  1.36
<5 88.91 147.07 261.90 96.05 151.90 253.96
‘4 31.61 50.23 96.70 38.28 53.03  87.04
Cpop - 2.23 - - 1.94 -

1) Value of total requirement of human and physical capital service flows
over value of total requirement of labor services.

Source: Based on table 3.2, 6.4, and 7.8.
Consider first the first row in the table. Kq denotes the
ratio between human plus physical capital services and labor
services. The ratio is significantly higher in all years in
exports. Next, consider the corresponding ratio Kqr which
also has human and physical capital in the denominator and
labor in the numerator, but measured from stock data. Now
exports are slightly labor intensive in 1959 and 1966, and
slightly capital intensive only in 1974.

The results are gqualitatively the same when only physical

capital is in the numerator, as in K2 and K4.

Finally, the Ko ratios based on total requirements give

a somewhat higher capital content of exports than imports.l

The results are conflicting and do not lend themselves to

certain conclusions. The service flow measures Kl, K2 and «

TOT
all indicate that exports are relatively capital intensive,

both in terms of physical capital and in terms of physical-

cum—~human capital, while the stock measures Kq and Ky are

The difference in order of magnitude between the k] ratios and the «
ratios is explained by the circumstance that k, is in 1966 prices

while Kpop 18 in 1968 prices.

TOT
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inconclusive. On balance, it seems that Swedish exports are
capital intensive and imports labor intensive, and that no

significant change in this position has occurred during the
period 1959-1974.

5.6 OTHER EVIDENCE ON SWEDEN'S COMPARATIVE ADVANTAGE

The evidence on Sweden's comparative advantage in section 5.5
indicates that Sweden is a net exporter of physical and human
capital. Since the evidence is far from conclusive and since
the comparative advantage position of Sweden is crucial in

the analysis in chapter 6 and 7 we will survey other available

evidence.

The earliest known study of the factor content of a part
of Swedish exports and imports is that by Keesing [1965]. Kee=
sing postulates "that the availability of labor skills deter-
mines patterns of international location and trade for a broad
group of manufactured products, those not tied to natural re-
sources”. He assumes that U.S. skill requirements are applic-
able to Sweden's and other countries' trade flows. Keesing

finds that the ratio of "professional, technical, managerial"

i

plus "craftsmen and foremen" man-years per million dellars o
o}

>

value-added to those of "operatives" and "laborers" is $.7830
in Swedish manufacturing exports in 1957, compared to C.5677
in imports. Only the U.S. and West Germany have a greater
divergence between the ratios. Keesing also calculates the
physical capital content, based on U.S. value-added coeffi-
cients. Exports of manufactures are slightly more capital
intensive than impcorts in 1957 (the index is 1.7957 compzred
to 1.6900). In a later study Keesing [1971] investigates

the assumption of using U.S, coefficients for other countries
and concludes that his earlier results would roughly be
duplicated if coefficients from any other leading industriai

country, including Sweden, were used instead.
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Another study of a partial nature is that by Carlsson
and Sundstrém [1973]. They investigate Sweden's comparative
advantage over low-wage countries, as it is revealed in the
manufacturing imports of 55 industry-classified commodities
in 1969. Low-wage countries are defined as countries with
a wage level which is 30 per cent of the Swedish level in

1965 or lower.

Dependent variables are the share of low-wage imports

in total imports and the share of low-wage imports in total
imports plus domestic supply. Independent variables are human
capital, physical capital, economies of scale, "raw material
dependence"” (a dummy variable which is assigned the value + 1
for goods dependent on domesti~ raw materials and - 1 for
goods dependent on foreign raw materials), and trade barriers
(tariffs and a proxy for discrimination in public sector pur=

chases) .

In the several regressions run the independent variables
explain around 50 per cent of the variation in the dependent
variable. The human capital variables have the highest expla-
natory power and are negative and significant in all regres-
sions. Thus, it is safely concluded that imports from low-wage
countries contain relatively little human capital. In addition,

they are determined by raw materials not available in Sweden.

It is interesting that when Carlsson and Sundstr&m repeat
their regressions for total imports, not just imports from
low~wage countries, then human capital does not have a signi-~
ficant influence. Hence, it seems as if Sweden has a compara-
tive advantage in human capital intensive production over
low~wage countries, but a disadvantage vZsavi high-wage
countries.

Carlsson and Ohlsson [1976] base their study of Sweden's

camparative advantage on the 1957 input-output table compiled
by Ebglund and Werin [1964], which has 127 sectors. Of these,
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23 raw material producing, service, and non-traded sectors

are excluded. The use of the input-output table enables Carls-
son and Ohlsson to have direct as well as total (direct-and-
-indirect) input requirements as independent variables. These
are: physical capital per employee, the proportion of techni-
cians and foremen, the proportion of wcrkers (skilled and
unskilled), domestic iron raw materials per employee, domestic
forest raw materials per employee, domestic non-iron metal

raw materials per employee, non-competing imports of raw mate-
rials, and the tariff rate. As dependent variables the ratio
between exports and domestic production and the ratio between
net exports and consumption are used. Two sets of regressions
are run, with direct and total input requirements respectively.
This is motivated by the a priori assumption that raw materials
play a different role when indirect inputs are taken into
account compared to when only direct inputs are considered.

The tariff rates are nominal in the regressions with total

requirements and effective otherwise.

Both sets of regressions explain fairly much of the va-
riation in dependent variables, with R2:s of 0.33 and 0.40 for
the regressions with direct inputs and 0.48 and 0.58 for the
other. The proportion of technicians and foremen is signifi-
cant in explaining the export ratios, but not the net export
ratios. The authors draw the conclusion that imports as well
as exports are intensive in technical know-how. Physical
capital has small positive and significant coefficients in
the regressions with direct inputs, but insignificant coeffi-
cients when total inputs are used as independent variables.
The exact opposite is true for the coefficients for iron and
forest raw materials. At the same time a positive correlation
is found between physical capital on one hand, and iron and
forest raw materials on the other. Carlsson and Ohlsson's con-
clusion is that Swedish comparative advantage lies in raw

material based production which at the same time is capital
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intensive, and in production which uses relatively much tech-
nical know-how. A puzzling result is that labor has a positive
and significant ceefficient in all but one of the regressions.
A hypothesis put forward by the authors is that the variable
is an aggregate of skilled and unskilled labor and that,

accordingly, it is unclear what it actually measures.

In a study of the Swedish trade in engineering products,
Ohlsson {1980] finds that net export ratios, [(X-M)}/(X+M)], of
34 engineering industries in 1970 are weakly explained by the
proportion of skilled manual workers and not at all by the
capital-labor ratio or the proportion of technical personnel
in the total labor force (the last variable has a negative
but not significant coefficient in some regressions). In
1960, on the other hand, he finds that physical capital in-
tensity explains some of the variation in net export ratios
(R2 = 0.,10). The change in net export ratios between 1960
and 1970 is rather well explained by the factor intensity
variables, the net export ratios in 1960, the change in
tariffs and the ratio between domestic consumption in 1970
and 1960. Capital and technical personnel intensity in 1970
have a significant negative and positive influence respec-
tively. Ohlsson suggests that a change has occurred in Swe-
dish engineering trade specialization during the 60's, from
being capital intensive to being intensive in technical per-
sonnel and skilled labor.

Finally, in a recent working paper Gavelin [19811] pre-
sents some preliminary results on the specialization pattern
of 77 Swedish manufacturing industries in 1970 and 1977. He
uses two different kinds of regression models, one additive
and one multiplicative. The same explanatory variables are
used in both models: value-added per employee (i.e. total
capital services per employee), alternatively physical and
human capital services, energy per employee, the proportion
of technical personnel in the labor force, and a measure of

concentration in the industry. The regressions explain 20-30
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per cent of the variation in net export ratios. The Swedish
manufacturing industry seems to be specialized in human
capital intensive and labor intensive goods, and possibly

in production with economies of scale, according to the
additive model. The multiplicative model points to compara-
tive advantage in human capital intensive goods and goods
using much energy (in 1977), and in activities with economies

of scale.

In summary, nearly all the available evidence indicates
that Sweden has a comparative advantage in human capital
intensive production. (Carlsson and Sundstrém {1973} is in-
conclusive.) The studies by Keesing [1965], Carlsson and
Ohlsson [1976] and Ohlsson [1980] also point to a compara-
tive advantage in goods which are intensive in physical ca-
pital, at least earlier in the postwar period. Ohlsson
{1980} finds a shift in comparative advantage away from

physical to human capital in engineering industries.
5.7 CHANGES IN TERMS-OF-TRADE

The preceding part of this chapter has described various
changes in the Swedish foreign trade sector which, within the
theoretical framework outlined in chapter 1, are looked upon
as endogerous. In contrast, the terms-of-trade are exogenocus
within that framework. We will in this section describe
changes in Swedish terms-of-trade during the period 1950-74,
see table §.8.
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Table 5.8 Indices for the volume, value and price of

aggregate exports and imports 1350-74.

VoZumel) Value Value/Volume =
1974/1950 1874/1850 = Price 1974/1950
Exports 528 1145 217
Imports 527 1208 229

1) In 1959 prices for the period 1950-63, and in 1968 prices for the
period 1963-74.

Source: SM N 1975:98, Appendix 3.

As can be seen, the terms-of-trade changed very little
between 1950 and 1974. The slight fall in the terms-of-trade
which is seen in the table is the net effect of a terms-of-~
trade improvement in the first half and a deterioration in the

second half of the period (not shown here).

Note that the volume indices for exports and imports are
almost the same in 1974. Sweden's aggregate exports and imports
of goods and services practically balanced during the 1950's

and 1960's.
5.8 CHANGES IN TARIFFS

World market prices are assumed to be given to the small
country modelled in chapter 1. However, domestic pbrices on
tradable goods can be altered by the government by putting
tariffs on imports. The Swedish government has, by continuously
reducing tariff rates, changed the trade pattern, resource
allocation and domestic prices. This section describes the
structure of tariffs in different years and the extent of
tariff reductions. Tariff rates are then correlated with

factor proportions to see if a systematic relation exists.

Tariff rates and tariff changes are shown in table 5.9:
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Table 5.3 Tariff receipts in per cent of import value in

1859, 13966 and 19741)
Sector 1969 1966 1974
1  Agriculture 7.8 7.3 7.0
2  Forestry 0.0 0.0 0.0
3 Mining 0.0 0.0 0.0
4 Import-sheltered food mfg. 41,3 37.1 30.1
5 Import-competing food mfg, 18.1 16.3 13.9
6 Beverage and tobacco 18.9 18.2 18.2
7 Textiles and clothing 7.1 6.4 5.0
8 Wood and wood products 2.5 2.3 2.1
9 Printing and publishing .0 0.0 0.0
10 Rubber - 6.6 6.2 5.8
11 Chemicals 2.9 2.6 2.2
12 Petroleum 0,0 0.0 0.0
13 Non—metallic minerals 5.5 5.0 4.7
14 Iron and steel 2.7 2.7 2.2
15 Engineering 6.2 5.7 4.9
16 Ships 1.0 1.0 0.8
17 Other manufacturing 7.7 5.5 5.5
20 Commerce 0.0 0.0 0.0
21 Transport 0.0 0.0 0.0
23 Private services 0.0 0.0 0.0
Umpetgnted average 8.4 5.9 5.2
Weighted averagep) 5.8 4.7 4.2

1) Includes import and compensation levies (inf&rsel~ och kompensations-—
avgifter).

a

2) The weights are the import shares in talble 5, 4.

Sourge: Unpublished data from the Ministry of Economic Affairs.

The general level of tariffs is low, see the weighted and un-
weighted averages at the bottom of the table. Consequently,
the reduction in the general level is small in percentage
terms, only 1.6 and 1.2 percentage points betweer 1959 and

1974 for the weighted and unweighted average respectively.
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In relative terms, the weighted average was reduced by 28 and
the unweighted average by 19 per cent.l

The variation in the tariff level between sectors is
considerable. There are three quite distinct groups of sectors:
those with high, low and no tariffs. In the first group we
find processed foods and beverages. The second group, to
which half of the sectors belong, have rates below 8 per cent.

. : 2
Seven sectors have no tariff protection.

Sweden follows an official policy of a high degree of
self sufficiency in food production. This is the main reason
for the high rates in sectors 4, 5 and 6. Where imports are
not competing with domestic production, as for some agricul-
tural products, forestry, crude oil, commerce and most private
and transport services, or where import competition is very
weak, as in Printing and publishing, there is no import pro-
tection., The rest of the sectors enjoy a small degree of pro-

tection.

Hence, it is possible to explain the main features of the
tariff structure by agricultural policy and by the extent of
import competition. A perhaps more sophisticated and in this
context more relevant approach to explain the structure is to
relate tariffs to comparative advantage, and specifically to
factor proportions. It is expected that a negative correla-
tion exists between the tariff level and the degree of com-
parative advantage, i.e. the degree of capital intensity.
Table 5.9 below contains rank correlations between tariff
rates and capital intensities.

E Lundberg [1976]).has calculated nominal and effective rates for 42 groups

of commodities in 1959 and 1962. Raw materials, fuels, food and some other
commodities were excluded., The unweighted average nominal rates were 9,14
and 6.86 per cent in 1959 and 1972 respectively, and the unweighted ave-
rage effective rates 17.82 and 13.59 per cent,

It should be pointed out that domestic taxes in some cases are equi~
valent to tariffs, namely when there is no domestic production. An
obvicus example is crude oil in sector 12. Such de facto tariffs are
not recorded here.
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Table 5.10 Rank correlation between tariff rates and sectoral

factor proportions in 1959, 1966 and 1974

Capital-labor ratio 1359 1966 1974
Ky -0.096 +0.117 +0.105
Ko -0.062 +0.223 +0.130
€q -0.155 ~-0.261 -0.018
g +0.095 ~0.014 -0.054

Source: Based on table 3.2 and table 5.9

All coefficients are highly insignificant. In other
words, there exists no systematic relation between the struc-
ture of tariffs and the ranking of sectors according to capi-
tal intensity. Thus, whatever the reasons pbehind the tariff
structure, there is no indication that protection of labor

intensive goods 1s among the motives.

5.9 SUMMARY

In section 5.2 it was shown that the ratio between exports
and GNP grows from 0.19 to 0.39 between 1959 and 1974, when
exports and GNP are in constant prices. In current prices the
ratio has a constant wvalue of about 0.23 (except for an up-
ward jump in the ecarly 1970's). The increase in the constant
price ratio was found to be a result of growing intra-industry
trade and not inter-industry trade. Most sectors have sub-—
stantial intra-industry trade and few can be labelled as
export or import sectors.

To explain much of intra-industry trade one has to resort

to other theories of trade than Heckscher-Ohlin theory. Sone

alternative theories were outlined in section 5.3.
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The trade pattern exhibits some important changes between
1959 and 1974, as shown in section 5.4. There are significant
changes in export and import shares: the Engineering sector's
share of both exports and import rises, Agriculture's import
share is halved, and the sectors Wood and wood products and
Transport experience substantial drops in their shares of
exports. Despite these changes there is virtually no change
in the Gini coefficient of concentration for exports and
imports. Net export ratios show that sectors with net ex-
ports and net imports in 1966 tend to move to more balanced
trade in 1974.

These changes in the trade pattern seem not to be the
result of a change in Sweden's presumed comparative advantage
in producing capital intensive goods. The factor content of
Swedish trade should, according to the Heckscher-Ohlin theorem,
reflect the Swedish factor endowment relative to the rest of
the world. We assume that Sweden is abundant in human and
physical capital. Our computations of the capital intensity
of exports and imports indicated, but not conclusively, that
exports are relatively capital intensive in 1959, 1966 and
1974. This finding in section 5.5 is confirmed by evidence

from other studies, which is presented in section 5.6.

Finally, we found in section 5.7 that the terms-of-trade
have been more or less constant during the period under study,
and, in section 5.8, that tariff rates have been quite low.
The unweighted average tariff rate dropped from 6.4 per cent
in 1959 to 5.2 per cent in 1974. If it is correct that Sweden
has a comparative disadvantage in labor intensive goods, we
expect tariffs to be negatively correlated with sectoral
capital intensities. No significant correlation was found

however.
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CHAPTER 6 CHANGES IN PRICES, ALLOCATION AND TRADE -

A HECKSCHER-OHLIN ANALYSIS*

6.1 INTRODUCTION

The purpose of this chapter is to determine what effects some
empirical facts presented in chapters 2-5 have in a model economy
of the kind described in chapter 1. For this purpose we construct
a Heckscher-Ohlin type general equilibrium model of the Swedish
economy. Into this model a number of stylized facts of Swedish
post-war growth are fed and their ceteris paribus effects
analyzed. In particular, we wish to determine the effects on
cllozation, both of factors and of outputs, factor prices and

the degree of international specialization.

It should be stressed that the method of analysis is that
of comparative statics, i.e. comparison of states, and not
comparative dynamics, i.e. comparison of time paths. The
empirical facts in chapters 2-5 describe the development over
time of the Swedish economy, and the most appropriate method
of analysis is therefore comparative dynamics. What we do
instead is to translate rates of change into different states
at different points in time, and then conduct comparative
static experiments based on these differences in states.

As an example, we translate the rates of growth in factor
endowments between 1950 and 1974 into two different factor
endowments and compare the states of the model economy for

these different endowments.

* I am grateful to participants in the Institute for International Economic
Studies seminar for constructive comments on an earlier version, in
particular to Ake G. Blomqvist and Ronald W. Jones. Henrik Horn

checked some derivations. Remaining flaws are my own.
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The chapter is arranged as follows. In section 6.2 the
stylized facts of Swedish post-war growth are presented.
Section 6.3 contains a more detailed discussion of the choice
of model, in particular of how it simplifies reality and what
basic assumptions are made. The model is presented in section
6.4. Sections 6.5-6.8 contain the comparative static analysis
of the effects of various exogenous influences. Finally,

section 6.9 summarizes and comments on the results.

6.2 THE STYLIZED FACTS

The stylized facts of growth, taken from chapters 2-5, are
summarized below. Note tnat most are changes in exogenous
variables, as seen within the Heckscner-Ohlin model in

chapter 1: changes in factor endowments, preferences, techno-
logy and prices on tradable goods. Other stylized facts concern
the value of what can be considered as parameters: factor
proportions differences and the endowment position of Sweden

relative to the rest of the world.

1. Increased endowment capital—-labor ratio.

2. Higher income elasticity for non-traded than tradable

goods and/or a shift im taste towards non-traded goods.

3. Increased total factor productivity of the tradable

relative to the non-traded sector.

4, Constant terms-of-trade.
5. Small tariff reductions.
6. The non-traded sector is capital-intensive relative to

the tradable sector, but the difference is decreased.

7. Sweden exports capital intensive and imports labor

intenstve goods.



6.3 ON THE CHOICE OF MODEL

The Heckscher-Ohlin framework of this study was presented

in chapter 1, where a model of a small, trade-dependent country
in a world with many goods was outlined. The focus of the
presentation lay on demonstrating the relations between some
central variables, such as those between factor endowments,
technology and factor prices, or between demand fer non-traded
goods and specialization in the traded sector. Less or no
attention was given scme other features of the model, and some

of the assumptions it rests on. In particular, the dimensionality
of the model was discussed in terms of a comparison of the number
of goods and factors, but not relative to the type of problems
one might wish to analyze. Prices of traded goods were assumed
given (a definition of small country), as were technology and
factor endowments. No mention of adjustment costs was made as
factors and productions were reallocated. Before we present

the model used for analysis in this chapter it is therefore
appropriate tce justify the choice of model in somewhat more

detail.

First, we turn to the question of dimensionality. The
number of factors and goods in the model should, of course,
be appropriate for the problems we want to analyze. One set
of gquestions concerns the role which demand for non-traded
goods plays in an ecconomy which is open to international
trade. Because demand for non-traded goods is directly tied
to tne quantity produced, whereas demand for tradables is
not, it has a decisive influence on allocation and prices
in the whole economy. We are also interested in what deter-
mines allocation in the tradables sector, and the degree of
international specialization. These sets of guestions require
a distinction between tradable and non-traded goods as well
as further disaggregation in the tradable sector. The smallest
number of goods, therefore, is three, one non-traded and two

traded goods, and this is the dimension we have chosen.



A fundamental characteristic of technology is that factor
proportions differ between productive activities. A change in
aggregate factor endowments must therefore, if prices are kept
constant and full employment of factors is imposed, cause a
reallocation of resources and production. We are interested
in how changes in factor endowments have affected the allocation
of factors and outputs and need therefore allow for at least
two factors in the model, In chapter 2 we recognized three
factors of production: raw labor, human and physical cap{tal.

To make the analysis as simple as possible we will treat human
and physical capital as homogenous capital.l It is not thought
that much, if anything essential is lost by this simplification:
what matters for the problems we wish to analyze is Sweden's
comparative advantage, which is in both forms of capital
intensive goods and not in labor intensive goods, and the factor
proportions differences between tradable and non-traded goods.
Hence, the important difference is in the labor intensity, not

in differentiated capital intensities.

Thus, so far the dimension of the model is 3x2. We should
also add that since we will treat Sweden's trading partners
as an aggregate, we have a world consisting effectively of
only two countries. The dimension of the model should there-

fore be stated as 2x3x2,

By having an equal number of tradable goods and factors,
and the number equal to two, we have ensured that some of
the basic propositions of Heckscher-Ohlin theory hold. For
example, when tne number of goods is larger than the number
of factors as in chapter 7, the results obtained below cannot
be expected to hold unless further assumptions are made. This
is discussed in chapter 7, section 7.3. For general investiga-
tions of the dependence of the basic trade theorems on dimen-
sionality, see e.g. Samuelson [1953], Ethier [1974], Jones and
Scheinkman [1977], and Chang [1979].

We also assume homogeneity of human and physical capital respectively.
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We maintain the assumption throughout the analysis that
all three goods are produced. In terms of a production surface,
production takes place away from tne boundaries of a ruled
production surface (of a cone or cylinder) and along straight
lines on it. Melvin [1968] gives a detailed discussion and
diagrammatic illustration of this particular production surface.
This implies that assumptions are made about relations between
factor endowments, technology, world prices and demand for ncn-
traded goods. This is evident from the model presented in
chapter 1 and in particular from “<yurs [.¢ there. In that
figure we are on a horizontal segment of the heavy-lined curve
where two tradables are produced, as well as non-traded coods.
Although complete specialization in one of the two traded goods
is ruled out by assumption in the comparative static analysis,
it is in most cases easy to see the effects of complete
specialization. The most interesting effect is on relative
factor prices, see Ffijure i.4. If the economy turns to
specialization in the relatively capital (labor) intensive
good, the wage-rental ratio will increase (decrease). We will
extend the comparative statics by indicating, where it is
appropriate, effects of complete specialization which is the
limit of tnre case being analyzed. It is judged that such a
non~formalized extension of the analysis to cover the case of
complete specialization is sufficient. Complete specialization
is less interesting than incomplete specialization, since
resource allocation within the tradable sector is eliminated,

and tne degree of international specialization is fired.

The two traded goods are termed exportables and importables
in the model. Exportables may be exported, as the name implies,
but they cannot simultaneously be imported; and vice versa
for importables. Two considerable abstractions of reality
are involved here, aggregation of a great number of goods
into two and "netting out" very significant intra-industry
trade. Industries which are net exporters are aggregated
into exportables, and similarly for importables. Standard

Heckscher-0Ohlin tneory cannot explain two-way trade in the
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same goods, i.e. in goods with the same factor proportions
(cf. the discussion in section 5.6.2). Hence, the trade
"explained" here is only factors-in-goods-trade, which may
be a small part of total trade, as was indicated in the

previous chapter.

Next, we turn to the choice of exogenous variables.
Central variables such as factor endowments, technology and
prices of traded goods are treated as given in the model.
That factor supplies and technology are exogenous is some-
what unsatisfactory, since they must be influenced to a
significant degree by economic forces, particularly in the
long-run perspective applied here. There exist established
theories for capital and labor markets, and empirical research
on technical progress seems to demonstrate that economic
factors are decisive, see Schmookler [1966]. However, we lack
a theory which incorporates endogenous determination of factor
endownments and technology in the traditional Heckscher-0Ohlin
type models.

The justification for having given world market prices
of traded goods is that Sweden is small enough to be a price
taker, at least in the long run. This assumption is probably
closer to the truth than its opposite, although we have no
systematic evidence to base it on.

Finally, we need to comment on the assumption about
factor mobility made in the model. Factors are assumed to be
completely and costlessly mobile between sectors. Clearly
this is not true in the short run, and we can easily think
of factors, e.g. machines, which can only be used for a
particular purpose and are immobile even in the long run.

However, as a general proposition about the long run, com-

plete factor mobility seems plausible.l

Lie deserves mentioning that in recent years the Heckscher-Ohlin model
has been modified to allow for factors which are specific to some sector.
Such modified models are called specific—factor models, and they yield
different results than the traditiomal Heckscher-Ohlin model for factor
endowment and price changes. See Neary [1977] for a comparison of the
basic results. The introduction of sector-specific factors constitutes

a return to the models of David Ricardo and Jacob Viner.
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Nothing explicit is assumed about factor mobility inter-
nationally. The empirical data on capital and labor supplies
reflect some exports and imports of these factors, particular-
ly imports of labor. Presumably factors move across borders
in pursuit of higher rewards. This is not captured by the
model, except that the net of international factor movements
shows up in the exogenously given capital and labor endow-
ments.

6.4 THE mopEeL !

There are two factors of productioﬂ, called labor L and
capital K. Total factor supplies are given and fixed, and
both factors are always fully employed. Three goods are pro-
duced by capital and labor, at constant returns to scale.
They are exportables xl,

importables X, and non-traded goods
XN.Z We can now write

]
ol

(6.1) ap¥; + ay X, +aXo

]
=

(6.2) apg Xy *oag X, +oag Xy

where aij is per unit input of factor i into good j.

Perfect competition in product and factor markets is
assumed. Under competitive conditions the price of a commo-
dity equals the unit cost. Hence, we can write

(6.3) ap W+ agr = py
(6.4) ap,W t ayg,r =,
(6.5) arn¥ * oaget = Py

The first presentation of a Heckscher-Ohlin model with two factors and
three goods, one of which is non-traded, is in Komiya [1967], who analyzes
the validity of the basic trade theorems in such a model. The model is
presented in rates of change in Batra [1973].

The singular and plural of exportable, importable and non-traded goods are
used iuterchangeably in what follows.
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where w is the wage rate and r is the rental of capital.
The prices of exportables, Py and importables, F,, are

given in the world market.

The input—-output coefficients aij are functions of re-

lative factor orices and a given state of technology t:

(6.6)-(6.11) aij = aij(w/r,T) i

N

K,L
1,2,

National or aggregate income Y is defined as
(6.12) Y = wL + rK

We now choose good Xl as numeraire, so that all prices,
including w and r, are relative to Py which always is set
ecual to one. Y is therefore national income in terms of

the exportable good.
Demand for goods is determined by relative prices P,
and Py and national income:

(6.13)-(6.15) by = Dj<p2,pN,Y> j =1,2,N

We impose that demand for the non-traded good is

equal to supply:
(6.16) D, = X
Finally, we have that aggregate supply equals demand:
P10y * PoDy * PyDy T PRy T PpXy * o PyXy

Since, by (6.16), XN = DN' we can rewrite this equation to

state that exports equal imports.

We now have 17 equations to determine 16 endogenous

variables, namely 6 guantities X X D D 3

1’ le N/ 17 27 DNI

prices w, r, 6 input-output coefficients aij’ and

Dy
“N
national income Y. By Walras' law one equation is redun-
dant; we choose to eliminate the last eguation, which states
that demand equals supply. We assume that there exists a

unicue solution to this system.
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It is more convenient to work with the model when it is

instead of absolute values.1

expressed in rates of change,
Therefore, differentiate eqguations (6.1)-(6.16) lcgarithmi-
cally and substitute the eguations for rates of change of the

input-output coefficients into the other equations to get:

(6.17) ARy oipoXy ARy T S (weD) = Lo+

(6.18) O s S I T I

{6.19) 0 W *+ Oy T = By + 1y

(6.20) 9 W * O, = b, + 1,

(6.21) Om&+(%N£‘§N=“N

(6.22) ¥ - e w - o, = o £+ o K

(6.23) 61 [“1252 + “1N§N + nlYQI =0

(6.24) D, = [nggPy + npyby * nyy¥l = 0

(6.25) Dy = [nygoBy + nyyBy * gyl = 0

(6.26) Dy = Xy = 0

where

"-" = rate of change. For example il = dxl/xl'

iy = the share of total supply of factor i (i = L,K) used
in production of good j (j = 1,2,N). For example
M = (B %) /T

Hence, we follow the tradition initiated in Jones' [1965] article. Also,
the generalized Stolper~Samuelson and Rybczynski theorems as formulated
by Jones [1965] are in terms of rates of change.
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Qij = the cost share of factor i (i = L,K) of the price of
good j (j = 1,2,N). For example, OLl = (aLIW)/pl.

¢, = the share of factor i (i = L,K) in national income.

-

nij = the price elasticity of demand of good i (i = 1,2,N)
with respect to price j (j = 2,N). We assume that
nij > 0 for i # j and ”ij <0 for 1 = j.

n., = the income elasticity of demand of good i (i = 1,2,N).

107 1%t M
use of factor i (i = L,K) due to pure technical pro-
agress T. The symbol eij (i = L,K; j =1,2,N) denotes
the (negative) rate of change of input-output coeffi-

+ AiNCiN' the rate of reduction in the

cient aij due to factor-saving technical nrogress.

57 %%y T %ks%ky
(price) of good j (j = 1,2,N) due to factor-saving

the rate of reduction in unit cost

technical progress.

8, = Ailejlcl + Ai26j202 + AiNejNGN (i,3 = L,K; 1 # 3},
the change in use of factor i (i = L,K) due to factor

substitution following factor price changes.

The terms Hi, n. and di are derived in the following way.
Differentiate (6.6)-(6.11) totally and divide through by aij
to obtain

2 1 o ij 1 aal]
i35 T 3 3 (w/T) dw/r) - a.. 5 9T
ij ij

The first term on the right-hand side is the effect of factor
substitution and the second term the effect of technical change
on the rate of change of the input-output coefficients. The
second term is defined to be negative, i.e. increases in 7,

the state of technology, reduces input requirements. We define

5.. and ¢,. as
ij i3



b
[\S)
(&)

- 1 Bai.
L. S e d(w/r)
ij ayy 3 (w/r)

and

. Ja. .

c.. = 1 2] dr.
i3 a. . 3T

13
Next, we week the form of the functions blj = bij[d(w/r)].

First, use the definition of the elasticity of substitution

to obtain

wyp) O (Ks/DL) X, - L,
(6.27)=(6.29) o, :_77%.7 Ve = —J =
] 1\]. ] w/r w - T
K.-Xx.) - (B, - X B - b .
e e S I B
w - r w - r

Then we make use of the fact that competitive producers mini-
mize costs, so that the first derivative of unit costs can be

set equal to zero. For given factor prices we have that

aLj W DLj + aKj r bKj = 0 3 =1,2,N
Divide by pj to get
(6.30)~(6.32) o_.b b,. =0 j=1,2,N

Li’Li * ®k3Pk3

Solving for Bij from the six equations (6.27)~(6.32) yields

bLj = —eKjo(w—r) h]

1
H
o
P

bKj = eLjo(w-r) J

i
—
~
N
~
=z
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Now, if tnese results of decomposing aij are substituted

(6.1)~(6.5)

the end result is equations

and ¢,
]

after logarithmic differentiation
(6.17)-(6.21),

terms.

into equations
with the given

meaning of the Hi, nj

This ends the presentation of the model. To avoid much
repetition when working through the various cases
below we now solve for all variables of interest. Note the re-
cursive character of the model. It can be solved in the follow-

ing order. See equations (6.17})-(6.26):

Step 1. (6.19) and (6.20) give w and r.

Step 2. Given w and ;, (6.21) gives ﬁN and (6.22) gives Y.

Step 3. Given py and ¥, (6.23), (6.24) and (6.25) give by,
D2 and ﬁN.

Step 4. Given 6N’ (6.26) gives %N'

Step 5. Given &, r and QN’ (6.17) and (6.18) give &l and %2.

We begin witn steps 1 and 2 by setting up the system of

equations (6.19)-(6.22) in matrix format and solving for
all endogenous prices and national income:

F o1 9% 0 0] ] ’fal + 1y ]

| 52 O 0o o0 ‘ ?: b, +1,

l by kw1 O ‘f”N i Ty

{_QL _aK 0 1 ) Q», VBLﬁ + 6K§‘




Using Cramer's rule we obtain:

. =8 (P T+ (p,+1,)
(6.33) o - k2?1 1‘ ,1 272
T i1z
. 8 DL+ 4+ 6 (P +TL)
(6.34) 5o Ll 2 L2 F17
- f"lzf
. (p1*7 ) 8,0t = Botly) 1] + myfe,, ]
(6.35) by = 1710 12N 2 [ 11\.[ N|“12]
- '12f
A Py 6,) + (DyHI,) (8 6) = (8 L+ K) (6|
(6.36) g =11 L% k%L 2) B8y % K !12]
1
- 1f12
where 10 = Q. & " = 9, .5, ., = :)Kicle (1,3 = L,2,N; 4 S T

Solutions for demands are obtained by substituting the

above results into the demand equations (6.23)-(6.25):

~ | 2 . \
6.37)  B.on b« @11 {9 = @2t [Oa| * Mltipl
(6. 1 »:12[32 ﬂlN

= [012

BT (80, =0y 8 ) + (By*T1y) (818 -0, 16y -

T My

= (B L0, K) islz |

" %2
. R (py+1,) | 1—(§+H)]e | + nyle ]
14T 9o 2T | O1x 12
(6.38) D, = myyby * Ny —
1912|
{(f’f” ) (8 0=y p0r) + (By*Tly) (890; =018, ) =

* Ny

- (8;L +eKK)[Le 121

gkt
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. By B | = (B4 6|
(6.39) Dy =ny By * my (Py+1)) |8 .(p|2;'“2 1] * Tn|%12l

+
12|

(p1 nl)(elzex eKZeL) + (p HZ)(eKleL eLleK)

* My

- (0 1468,K) (6, |

- le
1615]

i

The output of the non-traded good is now determined:
(6.40) XN = Dy

Next, solve for il and %2 from equations (6.17) and
(6.18) to get

A A
Ll - Kl »
(6.41) K + L +
}S" 1zl LTy A2l
.\ (5L>‘Kz+‘gx)i.2) s
w-r)

12

o { (B (8] = (T (8] + Igfeq o]
{HNZO*'H 11{21&.]_{6T1m, N 12y,

12}

(p1+n1) (6 %% O%o0%) + (pz+F2) Op1 00901 %) -

* Ty

- (O LK [0y P ¢ O S
A L A “K
12 12| [*12]

L2 ~ &z
A IL+
12|

P =T, + Pl
o) | TP T Pt ]
l

12| L -lepg
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. "y M2 s Ao
(6.42) X, = K--=27 -
27 TR XN HL ! T - L, T,
_ (GLA}\lﬂSK)‘Ll -
1ﬂ
1Ay [ . B (O] = BTy [O1y] + g0y
= +
X, NP2 T T = ]812[
* gy (By#1)) (8 0,808 ) + (By*1L) (B 6,8 18,) -
" %12
- £+9Kﬁ) 8 A A
L llzf - KL gy Ll
J Alzi L '*12 'k *
2 - 2 s CihatSix) E Pty 4 By,
Ty K- by L - i i
Pl 1] -y
where ‘Aijl = J*Kj ALjf = AKjALi T OYKRi’Lj by F L,2,N; 1 F 7).
Ki ;'LL,

Throughout equations {6.33)~(6.39) and (6.41:-(6.42" the
determinants foijj appear and in equations (6.41l) and (6.42)
new determinants !xijj are introduced. The sign of these depend
on the capital intensity of good i relative to good j. If
(Ki/Li) > (Kj/Lj), then 1oij; < 0 and |Aij| < 0. To see

this, write out two determinants:

8. .1 = - 3 = W -

18320 = 811%2 = fLo%) p,p, L1%2 ~ 2n2%1’
X, X

A = - =_12 -

Pl = Ak = Aotk T RS ALi®k2 T 2n2k1)

For example, KZ/LZ > Kl/Ll - axz/a > aKl/aLl -

L2

©» a > 0.

k22117 %k13L2



6.5 INCREASED CAPITAL ABUNDANCE

In tnis section we ask what the effects are on prices, income,
allocation and international specialization of a ceteris
parifus increase in the supply of capital.All other exogenous

variables are constant,

Factor prices and the price of the non-traded good are not

affected by capital accumulation:

(6.34a)

a1
it
o

(6.35a)  py = 0

The only exogenous variables which can affect endogenous
prices are technology and prices on tradables. Changes in factor
endowments and in demand for the non-traded good have no influence
(as long as both tradables are produced), see equations (6.33)-
(6.35) .

National income, on the other hand, will increase, since
the economy's factor endowments are increased at constant

factor prices:

(6.36a) Y = oK

In the absence of price and taste changes, the change in

income is the only influence on domestic demand:

(6.37 D, = X
( a) 1 nlYoKK

.3 b = K
(6.38a) D2 nZYOKK
(6.39a) D, = n__0.K



All goods are assumed to be normal and gross substitutes.
We have little evidence as to the magnitudes of the various
price and income elasticities. In chapter 4 it was observed
that tradable and non-traded gcods have been demanded in
about constant proportions at tne same time as the relative
price of non-traded goods has been increasing. We concluded
that the income elasticity is higher than unity for non-traded
goods anu lower tihan unity for tradable goods, and/or that

taste has shifted towards non-traded goods.

Witih respect to the empirical evidence we will henceforth
P

assume that

';NY > Ty i=1,2

Also, we assume that the utility functions are on the form

U(D ) = U(f(Dl,Dz), D,,),

17027 Dy N

where f is linearly homogenous, and that

Ty T Maye

We note that the weighted average income elasticity is unity:

Zainiy =1 i=1,2,N
h =
where a. (piDi)/Y.
Under these assumptions we find that :6.37a}-{6.39a;, give

the following ordering of the rates of change in demand:

DN > Dl = D2 > 0.

Empirically the value of © capital's national income

K’
share, is around 0.75. (Capital now includes physical as well

as human capital.) We find it likely that although the income
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elasticity of demand for the non-traded good is higher than
unity, it nevertheless is lower than 1/0.75 = 1.33 in value.
Hence, the ordering of the rates of change of demand in
relation to that of capital and income is

K>D,>Y>D, =D

N 1 > 0.

2

Next, we turn to the output rates of change. First, we
have that

(6.40) Xy = Dy-

The movements of the tradables are given by

~

A
2N & L2 2N o ~
X, - K = N8 K = K
N Vlz[ Vlz NY 'K X

(6.41a) X

1° Exlzi

Y. A A A
o IN: ¢ L1 1N Ll &
(6.42a) X, = =~ i———T X+ = -4 n _ >

=
|
@D
R
+

To say something about the sign of il and iz we need to
know the sign of tne !Aij§~determinants. It was shown in the
previous section that the sign depends on relative factor
intensities, i.e. on the ranking according to the capital-
labor ratio of exportables, importables and non-traded goods.
In chapter 3 it was found that non-traded goods are more
capital intensive than tradable goods, and in chapter 5 that
exportables are more capital intensive than importables.
Hence, 1)\l2§<0 and 1x2N}>O. We assume that non-traded goods
also are more capital intensive than exportable goods, so
that é«le>O. The assumption is justified by the relatively
big difference in capital intensity between non-traded and
tradable goods shown in table 3.3. Thus, the complete ranking

assumed throughout the chapter is (KN/LN)>(K1/L1)>(K2/L2).

Consider (6.4la) and (6.42a). The effect of an increase
in capital is to raise output of exportables and lower output

of importables, as shown by the second term on the right-hand



side. The mechanism at work is simple: relatively capital
intensive exportable production must expand and relatively
labor intensive importable production must contract in order
for both factors to be fully employed when the economy
becomes more capital abundant (and output of non-traded
goods is kept constant). This is the standard Rybczynski
[1955] effect.

A second, indirect Rybczynski effect on the output of
tradables comes from the change in output of non-traded
goods, and is represented by the first term on the right-hand
side of (6.4la) and (6.42a). It is positive for importables
and negative for exportables under tne assumed capital in-
tensity ordering. When non-traded output expands, capital
and labor are drawn from the tradable sector in proportions
which make the sector more labor intensive. Capital intensive
exportables must contract and labor intensive importables
expand for capital and labor in the tradable sector to be

fully employed.

Is the primary effect of capital accumulation stronger
than the secondary effect of an increase in the non-traded

good, i.e. is

Ao 2 (i =73 =1,2)2

Lj “in ey %k’

> AL
L] iN'’
Also, under our assumptions we have that

Remember that Aij<l (i = K,L; j = 1,2,N). Thus, X
*eatny T Mkgiae
l>nNYOK>O' Hence, the net etffect of capital accumulation

is to increase the production of exportables and decrease

the production of importables. In fact, the output changes of
exportables and importables will be greater in relative terms
than the factor changes. By equations (6.17) and (6.18) the rate
of change in a factor is a weighted average of output rates of

change:

(6.17a) Ao, Xy + X X2 + XLNXN = L

]
=

(6.18a) Ay X, + A X2 + AKNXN
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We know that ﬁ>ﬁN>L = 0>X2. Hence,
Xl>K>XN>L>X2.

This is an example of what Jones calls the magnification

1
effect of factor changes on output changes (Jones [1965]).

The effects on allocation in the tradables sector of
capital accumulation and an expansion of non-traded output

can conveniently - be seen in the following box diagram:

Figure 8.1
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Total factor endowments are given by the sides of the
box. AK denotes the additicon to the capital stock. Before
capital increases NM of the non-traded good, MO of the
importable good and EO of the exportable good are produced.
The length of each line or ray shows the guantity produced,
and the slope indicates the tecnnology, or factor combina-
tion, at given factor prices. Clearly, the non-traded good
is more capital intensive than exportables which in turn
are more capital intensive than importable goods. Note that
when the non-traded good's factor requirements are sub-
tracted from total endowments, the tradables sector is left

with a lower capital-labor ratio than the aggregate, as

1 . . . . .
Chapter 8 contains a generalization of the above result in a model with
inter-industry flows.



shown by the proportions of the "inner" box relative to those
of the "outer" box.

The addition cf capital, AK, means that the box expands;
the new box has the diagonal NE'. (This diagonal and other
diagonals in fiqure 6.1-3 are not drawn.) Assume for a moment
tihat demand for and output of non-traded goods is constant
at NM. The new box for tradables is more capital "intensive"
than the old box, as shown by the diagonal ME', which is less
steep tnan ME. Output of exportables expands from EQ tc E'Q",
and output of importables ceontracts from MO to MO". However,
cutput of non-traded goous will expand, whicn will serve to
attenuate the effect of capital accumulation on the increased
specialization in tne tradable sector. lLet non-traded output
expand from WM tc NMf. The inner tradables box becomes less
capital intensive, but not as labor intensive as before the
capital increase; the slope of the diagonal M'E' is between
that of ME and ME'. As a result, exportable output decreases
from EfO" tc E'0', and inportable output expands from MO"
to M'O'. The net effect of capital accumulation and expansion
¢t non-traded output is an absolute increase in exportables

2ind an absolute decrease in importables.

For a sufficiently large increase in capital and small
lncrease in tne non-traded good, production of importables will
>zase altogether. With complete specialization in production,
changes in capital (or in demand for non-traded goods) lead
to cnanges in relative factor prices, in this case a rise in
the wage-rental ratio, see figure 1.4.

We now leave price, income and output changes and turn to
the effect of capital accumulation on the deqree of international
specialization, which we in chapter 5 have defined as the ratio
between export {or import) value and national income {or GNP).
The condition for the degree of international specialization to
rise, when income is increasing, is that the marginal trade share

exceeds the average share:

i7i .
av > 7 i=1,2

Q(piXi) - d(piDi) piXi - p.D.




Note that the condition is in value terms. It can be mani-

pulated to yield

p, X p, {p, D
(6.43) _»\l"‘_»\_"l)i‘]; %‘F%—ll
Yy oy 1y ¥ J
p, D X, [p, X
(6.44) 24 -2a1> 2122
Yy ¥ 2 iy ¥

Consider inequality (6.44). The price is constant, so
the 52/9 terms are zero. The term %2/§ is negative and X2/D2
is less than one. Hence, the right-hand side is less than one
in value. The left-hand side is greater than one. Thus, the

conditicon for an increased trade share is fulfilled.

6.6 AN INCREASE IN TASTE FOR NON-TRADED GOODS

One stylized fact of post-war economic development is a high
income elasticity of demand for non-traded goods, in particular
for private and public services, or alternatively, a shift in
taste towards non-traded goods. It was noted in chapter 4 that
we cannot discriminate between the two alternative influences
on the demand for non-traded goods. We now want to analyse the
effects of a higher share of non-traded output and demand in
total output and total demand. We will assume that the increased
share is caused by a taste shift. An alternative would be to
investigate tne effects of a high income elasticity per se.
This could be done by increasing the supplies of capital and
labor in the same proportions as the endowment capital-labor
ratio. The results would then be the same as that of a shift

in taste towards the non-traded good.

We choose to introduce a taste shift into the model by
letting demand for non-traded goods be exogenous. Hence, for
this case, equation (6.15) is eliminated in the system (6.1)-

(6.16) . Assume that non-traded demand is increased: 6N>O.

There will be no price or income changes for this shift

in taste, see eqguations (6.33)-(6.36), which become



132

(6.33b)-(6.36b) &=f=pN=§= 0

Then, from Walras' law it follows that the changes in demands

fulfill

alDl + a,D, + GNDN =0
where oy = (p D, )/Y In analogy with the assumption about
homothet1c1ty in the demand for tradables we assume that
Since D >0, it follows that Dl = D2<O. Specifically,

By = D,-
we have that

Next, consider output changes for exportables and

importables, where we have used that QN = 6N:

]

(6.41b) Xy X b

(6.42b) X, =

At the given capital intensity ranking of the goods, it is
seen that exportables will contract and importables exvand.
The rate at which exportables contract is higher than the rate

of expansion of non-traded goods; we have that

‘N

—_— > 1
A2

in equation (6.41b), since the difference in capital intensity
between goods 2 and N is greater than between goods 1 and 2.
Similarly, should good 1 and N differ more in capital intensity
than 1 and 2, then importables will expand at a higher rate

than non-traded goods.
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Again, the mechanism at work is conveniently illustrated

in a box diagram:

Figure 6.2
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When expanding from NM to NM', the non-traded sector draws
factors out of the tradables sector. The non-traded good is more
capital intensive than both tradables, and therefore leaves
the tradables sector with a more labor intensive endowment of
factors than before; compare the proportions of the two "inner"
boxes for the tradables sector. In order to maintain full employ-
ment, exportables, wnich are capital intensive relative to
importablies, must contract, from EOC to EO', and importables

expand, from MO to M'O'.

Because an expansion of non-traded output has the effect
of decreasing the output of exportables and increasing the
output of importables we expect that the degree of internaticnal
specialization will fall. Consider inequality (6.44), which is

rewritten to be consistent with the present case as

>

X

(6.44b) D X

N
v
NN



2
hence, the ratio of exports to total output will fall, as

Since 62<0 and X,>0 condition (6.44b) is not fulfilled, and,

expected.l
6.7 TECHNICAL CHANGE

In this section we will analyze the effects on prices,
income, allocation and the degree of international special-
ization cf tecnnical change. Two cases of technical change
will be dealt with separately. In section €.7.1 we consider
tne case of increased efficiency of the tradable relative
to the non-traded sector. The increase in efficiency is
assumed to be neutral in Hicks' sense. Then, in section
6.7.2, we let tne change in efficiency in the tradable
sector be labor-saving, while the change is capital-saving

in the non-traded sector.

6.7.1 Inereased efficiency of the tradabie relative to

ine non-traded sector

We will assume that there is technical change in the
tradables secter, in both tradables, and no technical
change in the non-traded sector. Nothing essential is lost
by letting technical change in the non-traded sector be
zero, instead of some positive rate which is lower than
that in the tradable sector. Furthermore, we assume that
the rate of tecnnical change is equal in exportables and

importables. Then we have that

There is no bias in the change in technology. To define
what is meant by neutrality and bias we consider the
capital-labor ratios, which are functions of the wage-

rental ratio and technology:

It is interesting to note a somewhat paradoxical result, which occurs
if the non-traded sector is less capital intensive than both tradables.,
In this case an expansion of non-traded output leads to an expansion
of exportables and a contraction of importables, i.e. to a trade biased
reallocation in the tradables sector. If demand for exportables and
importables is homothetic it must be that the export-output ratio
irereases, This result still holds if capital is increased and non-traded
demand increases at a lower rate than capital.
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Ky ok, = ky(w/T, 0, j = 1,2,N.

Differentiate and divide through by kj to obtain

) . ks
K, = o, W+ = —J ar, j = 1,2,N.

31
J J 3 .

The second term on the right-hand-side shows the change in the

capital-labor ratio due to a change in technology a? constant

factor prices. Set

1 3k.
k—j ?l dt = le j=1,2,N.

The Hicks definitions of technical change then are

Yj =0 neutral
Yy > 0 capital-using (lLabor-saving)
\E < 0 labor-using (capital=saving)

We can now turn to the results of technical change on the
endogenous variables. Consider first the changes in factor

prices, the price of the non-traded good and income:

(6.33¢) w =7, =7,
(6.34c) r =1, =T,
(6.35¢) ﬁN =1, =1,
(6.36c) ¥ = m, =1,

Factor prices, the non-traded goods price and income are
all increased at the same rate, equal to the uniform rate
of technical progress in tradables. Factor rewards are
raised because the factors are now more productive in terms
of exportables. The price rise of non-traded goods reflects
increased costs and the increase in total income increased

factor rewards.



The demand eq

{(6.37¢) D} = nyy
(6.38c) D, = nyy
(6.39¢) BN =

Tyt ¥ Tny

ile

uaticns now become

I *+ nyely
I + nopfy

Ty

Both the demand for exportables and the demand for

importables will rise,

cities are positive.

i
|

increases if 1nNY:

assuming that cross-price elasti-
The demand far non-traded goods
otherwise 1t decreases.

>y s

Next, we turn to the output changes. Note first that

X

{6.40) N = Dy-
Substitute (6.39c) into (6.40c) and then substitute
the result into (6.41) and (6.42) to get
5 Cland o ‘K2 L2
(6.41c) X, = 45—+ X+ I - m————r =
1 I)‘lZ N )\12 L i)‘lzf K
iA Mgl }
2N O ! 2N
= T + Iy =1 (M) + 1
12 VA Xiop TN |
. P A A
(6.42¢) Ry = AN & - Koo SELog oo
12§ 1712 ] 12§
T I il 1
SRS | SN S ) B 0 S T I
:;Alzj N 1 l{ 5412: N¥ NN

The effect of
on exportables and
right-hand side of
sign
then
if it i

vice versa

change itself, the

{(6.41c) and (6.42c

of the change.

exportables contract and importables expand,

a change in non-traded goods output
importables, the first term on the
(6.41c) (6.42¢c),

If non-traded output is increased,

and depends on the

and

s decreased. The effect of technical
term

) r

Ty

is of course positive;

on the right-hand side of

the isoquants

are simply renumbered at the rate of technical change.



The net effect of technical change on the output of
exportables depends on the sign of

Aon

} + 1
*12

+n

(nyy NN

and the net effect on importables on the sign of

| A
1IN
(n + ngy) + 1.
!Al2 NY NN
We expect the value of wy ¥ "wn to be between zero and
unity, since n is somewhat greater than unity, and NN

NN
is negative but probably not greater than unity in absolute

value. The ratios iA2NJ/[Xl2I and —IllNF/lxlzi are negative
and positive respectively. Hence, it is likely that the
output of importables is increased; technical change and
the probable increase in non-traded output work in the

same direction. As for exportables we must conclude that
the outcome is more ambiguous. It depends on the magnitudes
of the price and income elasticities and on the factor

proportions differences.

Finally, we examine tne effects on the degree of
international specialization. Consider the necessary
condition for an increased import-output ratio (6.44)

appropriately rewritten as

X X
(6.44c) ﬁz + 1 > 52 (_2 + l)
Y 2
A sufficient condition for the ratio to increase is that

62>§2, i.e. that, substituting in (6.38c) and (6.42c),

RPN
1IN
+ Y
"oy T M2y 7T (“NN * ”Ny> + 1
1712
However, it is not possible to say whether this condition is

likely to be met or not. The value cn the left-hand side is
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probably greater than one, but the first term on the right-
hand-side is likely to be positive (the output of the non-
traded good increases) so that the value of the right-hand
side is also greater than one. We conclude that the outcome
for the degree of international specializaticn of an
increased relative efficiency of the tradable sectur 13

uncertain.

6.7.2 i decrease in the difference in capital irntensity

Fetween the tredablie and the non-traded sector

In chapter 3 we recorded a sizable difference in capital
intensity between the tradable and the non-traded sector,
but also a significant decrease in this difference over
time. The decrease can in principle be due to three factors:
a) a changed composition within the aggregate tradable
and/or non-traded sector, b) different elasticities of
substitution so that capital is substituted for labor at a
higher rate in the tradable sector when the wage-rental
ratio is increasing, and c) labor-saving technical change
in the tradable sector and/or capital-saving technical

change in the nontraded sector.

We have little evidence to enable us to put weights
on tnese tnree factors. A changed composition of the non-
traded sector seems to account for the more or less
constant capital-labor ratio in tnat sector (cf. chapter
3) . But we do not have any estimates of elasticities of

substitution or of bias in technical change.

In this section we cnoose to let a labor-saving bias
in technical cnange in the tradable sector and a capital-
saving bias in the non~traded sector be the sole cause of
a decreased difference in capital intensity between the
two sectors. To analyze the effects of different elasti-
cities of substitution we would need a rise in the wage-
rental ratio, and this could be brought about in our model
by a cnange in the terms of trade (or other exogenous
changes when tnere is complete specialization in the
tradable sector, which we have ruled out). However, a
terms-of-trade change is not backed up by our empirical

findings. Tue third alternative, a changed composition



witnin tne tradable and non-traded sector, is not suitable
for analysis within our model, which only has one non-

traded good.

In addition to assuming labor-saving bias in technical
change in the tradable sector and capital-saving technical
change in the non-traded sector, i.e. Y, > 0, Yy > 0 and
Yy < 0 according to our definition of bias in section
6.7.1, we assume that the rate of technical change is

equal in all three goods, i.e. that

This assumption is justified on the grounds that we wish to
analyse the effects only of bias (more correctly, of a decrease
in the capital intensity differential), and conseguently do not
want any differentials in the rate of technical change to play
a role as well.

Finally, it is assumed that technical change does not
change the ranking of sectors according to capital-intensity.

The ranking still is KN/LN > Kl/Ll > K2/L2 so that %x < 0,

i
121
> 0.

@ ! ‘ § ; j
!*1N) > 0, 1A2N > 0 and ﬁelzi < 0, §9LN! > 0, ‘SZN{

Let us now turn to the effects on endogenous prices and
on income. Eqguations (6.33) - (6.36) become
(6.33d) w =T
(6.344) r=T
(6.35d) Py =0
(6.36d) Y=

Note that the price of the non-traded good is constant. The
reason is that technical change in the non-traded good proceeds
at the same rate as the increase in production costs.

The only influence on demands comes from the change in

income:

(6.37d) Dl = nyy m
(6.384d) D2 = N,y m
(6.394) Dy = Nyy n
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Under our assumptions about income elasticities we have
that

"

0 <D, =D

1 <M < D

2 N °

Next, consider output movements. From (6.40) we obtain

(6.404) XN = DN .

The outputs of exportables and importables change according

to
A . Py A
: 2N K2 n2
(6.41d) X, = + =5 0 - n
1 X Xy |x12[ L Ai,] K
A A A
2N K2 L2
= n m + n - 11
Xip| NY ])‘121 L lxlzl’ X
-1a A 2
2 IN| 2 K1l Ll
(6.424d) X, = - n + n
2 ‘2| N [riz] B 2| K
Y A by
IN K1l Ll
= n n - 1= n, + - n
X NY IAlzi L ]Alz[ K

The first two terms on the right-hand side of (6.41d)
and (6.42d) are the effects of an increase in the non-traded
good and of labor-saving (capital-using) bias in technical
change respectively. Both effects work to decrease the
output of exportables and increase the output of importables.
The third term is the effect of capital-saving (labor-using)
technical change. It works opposite the first two effects,
i.e. it serves to increase tne output of exportables and
decrease the output of importables. The net effect depends
on the capital intensity differences, the initial resource
allocation and the income elasticity of demand for the non-
traded good. It is simply not possible to give an intuitively
satisfying condition for determinate signs on (6.41d) and
(6.42d) . It snould be noted that if technical change in
tne non-traded sector were not biased, then the signs
would be determinate.



The various effects on the output of tradables are

conveniently illustrated in a box diagram. Consider figure 6.3.

Figure 8.2

Labor

N Capital

Iinitially the output of the non-traded good is NM, of
the exportable EQ and of the importable MO. The expansion of
non-traded output, nolding technology constant, is given by
MM'. The capital-labor ratio of the tradable factor endowment
is raised (M'E 1s steeper than ME)}, and consequently the
importable expands from MO to M'O' and the exportable contracts
from EC to EO'. Next, assume that there only is capital-saving
(labor using) technical change in the non-traded sector. The
ray NM shifts to NM". M" and M lie on an isoquant II which
is renumbered when we move from M tc M". The capital-labor
ratic of the tradable endowment is now raised (M"E is less
steep than ME), and consequently the output of the importable
contracts from MO te M"O" and the output of the exportable
expands from EO to EO". Finally, assume that the only change
is labor-saving (capital-using) technical change in the
tradable sector. The ray for the importable shifts down from
MO to MO"™ and the ray for the exportable shifts up from EO
to EO™. As a result, the output of the importable expands

and that of the exportable contracts.
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The ambiguity surrounding the movement of the tradables
makes tihe change in the degree of international specialization

uncertain as well.

6.8 TARIFF REDUCTION

An analysis of tariff changes presents a complication which
has not been encountered earlier. The complication concerns
the way in which tariff proceeds are spent. If the govern-
ment, which receives the tariff income, spends it differently
than private consumers, the difference must be svecified and
allowed for in the analysis. The standard way to avoid this
complication is to assume that tariff income does not accrue
to the covernment, but to private consumers, who spend it in
the same way as other income. That assumption is adopted here
for analytical convenience and because it brings out the

effects of a tariff change per se more clearly.

A tariff creates a wedge between the domestic price of

importables, pg, and the world market price Dy such that

pg = (l+t)p2.

where t is the ad valorem tariff rate. A reduction in the
tariff rate, which we are coing to analyze, lowers the domestic

nrice, and cives rise to other price changes throughout the

economy. Consider equaticns {(6.33)-(6.35):

6 ~D
K1P2
~1%12
~D
ALY

=18712]

—-ls ﬁD
(6.350) By = Jwg_rJTz
12

£>
1t

(6.33€)

(6.34e) T



As could be expected from the Stolper-Samuelson [1941]
tneorem, a reduced tariff on the labor intensive good raises

the price of capital and lowers the price of labor. The price

of non-traded goods, which are even more capital intensive than

exportables, is raised. By using eguations (6.19)-(6.21),
which give coods price changes as weighted averages of factor

price changes, we can establish the ordering of nrice changes
r>p. > p,(=0) > @D > v
N -1 2

It is seen that factor price changes are more pronounced than
goods price changes. This is an example of what Jones [11965]
calls the magnification effect, which we encountered earlier
in section 6.5, in terms of factor and output mcvements. Note
that factor owners gain or lose in terms of «/’ commodities,

including the non~traded commodity.

Note tnat naticnal income now consists of factor returns

and also of tariff receipts, 1i.e.
(6.12a) Y = wL + rK + tp,M,

-X,.

where M denotes imports, DZ

)
The rate of change of national income can be written as
(6.22a) ¢ o= o (faw) + o, (Rer) o+ ;t(E+ﬁ2+&),

L;L (,K

where =, 1s the share of tariff receipts in national income.

We can now no longer solve for the change in national
income on the basis of known values of factor price changes
alone; we also have to know the changes in demand and output
of non-traded goods and importables. In other words, we have
to solve a system of four equations, namely equation (6.22a)
and equations (6.38), (6.39) and (6.42), which will cgive us

¥, D,, Dy and X,.

as
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The solution for ¥ isl

LTy [y * 8 ) (W=1)
(6.36e) ¥ = X K1 E KiLl -
12
Fa ;
(MIN | ~D .
- == + )| o+
| | Ny oP N B
g N2P2 NNPN
+ i 0o v 0w+ 0,8+ u (n, P2 + n,p ) ]
a [VK L t D' 2252 2NN’ |
where A = 1 lil—!
= My "NY P12 j T Nay¥p
tp X,
Hy T Y
_ tpPyD,
p T Ty

An examination of the terms on the right-hand side of (6.36e)
does not lead to any definite conclusion as to the movement
of national income. It is easier to see the sources of

ambiguity from the appropriately rewritten versinn of (6.22a)

(6.22b) N A ipDy = uX,

We have seen that r >0 and w<0. Also, £<0. The last two terms
on the right-hand side of (6.22b) is the effect on national
income of a change in imports. In the presence of non-traded
goods we cannot be certain that imports will rise following a
reduction in the tariff rate and thus give an increase in

tariff income.

Below are the solutions for 52, D, (which is egual to

N
X, by (6.40)) and Xy,

The solutions for Y DZ’ X2 and DN below contain w, r and ﬁN as indepen-

dent variables on the right-hand side, since we have solutions for the
price changes.
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AD ~
. —u n A (fysPs + NyyPa)
(6.38e) D= x| _2Y * ml bjiz? NNy’

AD ~
"wy [Pan] (12297 * TanPy) +
*12]

bt

1 oD -
2 [“2292 + Py T oMoy (O r o+ oLw + Ott)

N +u Ny (84 + S A .) (wer)
(6.39e) D, = _Zz [ NY T le K7Ll .
[ 12]

[ ~D - -D -
["n2P2 ¥ "wnPy * o¥piny ("22P2 * MonPy)

D>l

+ ) 4 on_ (0T + o w + 9,E)

I\D ~
nZYUD(nNZPZ "NNPN Ny Pk

(6.42e) X = D ; | N2%; .

n2Y(5LkKl*_>K Kl)(w—r)
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Instead of trying to discuss the sources of ambiguity in the

above expressions we rewrite (6.24) and (6.25) below:

A~ _ . «D ~ ~
(6.24e) D2 = n55P5 F NoePy Ny Y

= "D -
(6.25e) Dy = "n2P2 * "wPn ¥ “wy

In (6.24e) the first term on the right~hand side is positive,
the second is negative and the third is ambiguous in sign.
In (6.25e) the first term is negative on the right-hand side,

the second is positive and the third is ambiguous as to the sign.

The basic source of ambigqguity is the presence of a non-
traded good. In the standard 2x2x2 model a decrease in the
tariff rate, i.e. in the domestic price of the importable,
nust result in a rise in output of the importable good and
to a fall in output of the exportable good. This link between
prices and outputs is broken by the introduction of a non-traded
good. The reason is that the non-traded good may increase or
decrease in demand and output follcocwing a reduction in the
tariff. Given a change in the non-traded output, the tradable
ocutputs will alsoc change. The direction of change depends on
the configuration of factor proportions. In our case, for
example, a decrease in non-traded output will make the exportable
good expand and the importable good contract, despite the fact
that the price of the importable good has fallen.l

* The first to show the ambiguity of price and output responses for
tradable goods in a three~good, two-factor model, where one good is
non-traded, is Komiya [1967].
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6.9 SUMMARY

It is clear that the stylized facts of Swedish post-war growth,
which were enumerated in section 6.2, do not produce uniform
effects on prices, allocation and the degree of international

specialization.

The first case to be analyzed was an increase in the
economy's capital abundance. It was found that factor prices
and the price of non-traded goods were not affected by the
change in factor endowments. As long as both tradables are
produced only technical change and changes in world market
prices influence domestic factor prices; domestic demand has
no influence. The price of non-traded goods is determined by

costs, and not by demand.

At constant factor prices an increase in the endowment
of capital implies an increase in national income. This in
turn affects the demand for and the output of non-traded goods.
Demand and output are increased, so that rescurces are drawn
to the non-traded sector from the tradable sector. Since the
non-traded sector was found to be relatively capital intensive,
it leaves the tradable sector with a more labor intensive
endowment than before. Resources within the tradable sector
now have to reallocate in order to remain fully employed.
Specifically, it is the labor intensive importable good which
has to expand, and the relatively capital intensive exportable
good which has to contract. This is an example of the

Rybczynski effect.

A second influence on the output of tradables comes from
the facter endowment change itself. An increasing capital
abundance has Rybczynski effects which are opposite those
of the non-traded sector expansion: exportables expand and
importables contract for factors to be fully employed. It is
found that this second influence is stronger than the first,
so that the net effect is a trade~biased reallocation. Also,
exportables will expand at a higher rate than capital, and
importables will fall in output while the supply of labor is

constant, i.e. output movements bound factor movements.



Finally, it was found that the trade-biased reallocation
following an increase in the capital stock will raise the

export-output ratio.

The case of increased canital abundance has been recounted
in some detail, because it demonstrates how, first, the non-
traded sector, and second, factor endowments available to
the tradables sector affect allocation in the tradables sector.
The effects of a change in taste for non-traded goods, technical
change, and a reduction in tariffs on allocation also work
through an indirect change of the factor endowments cf the
tradables sector caused by a change in non-traded output,

and/or through a direct change of the same endowments.

The experiment of letting taste shift towards non-traded
goods gives no changes in prices and income. Allocation in
the tradables sector changes because the expansion of the
non-traded sector makes the tradables sector less capital
intensive. Hence, exportables contract and importables expand.
The rate at which output of importables expand is higher than
the expansion rate for non-traded output. We also find that

the degree of international specialization must be lower.

One stylized fact of technical change is a higher rate
of Hicks-neutral technical progress in tradables than in non-
traded goods. For simplicity we have assumed a positive rate
in the tradables sector and zero technical progress in the
non-traded sector. The result is that factor prices, the non-
traded goods' price and income all increase at the same rate
as technical progress in tradables. Demand for exportables
and importables will also increase, while some ambiguity
surrounds the movement of demand for and output of non-traded
goods. Therefore, we cannot be certain that both tradables
will expand following neutral technical progress. An increase
in the non-traded sector strengthens the effect of technical
change for importables, but attenuates the effect on export-
ables.



Another stylized fact of tecnnology change is that the
substantial difference in capital intensity between the non-
traded and the tradable sector has decreased significantly.
This decrease can in principle depend on changes in sector
composition, differences in elasticities of substitution and
bias in technical change. We have chosen to let a labor-saving
bias in the tradable sector and a capital-saving bias in the
non-traded sector be the sole cause of the decrease in capital

intensity between the two sectors.

It was found that such biases in technical change produce
no changes in relative factor prices, provided that the rate
of technical change 1s the same in the two tradable sectors.
The wage, the rental and income all increase at the same rate
as the progress in technology. The demand for all goods also
increases, since income is raised and all gocds prices are
constant. In contrast to the changes in prices, income and
demand, output changes are ambiguous. The increase in the non-
traded output and the labor-saving bias in the tradable sector
both work to raise the output of the importable good and lower
the output of the exportable good. However, a contrary effect
on the tradable outputs comes from the capital~-saving bias
of technical change in the non-traded sector. If such a bias
were absent, the output movements would be unambiguous. Because
of the ambiguity surrounding the change in the exportable
and the importable good we cannot say how the export-output

ratioc will change.

The last case to be analyzed was a reduction in the
tariff rate. Tt was found that the rates of change in prices

are ordered as
~ ~ _ AD ~ ~
r>p = 0 > Py, > Py > W,

i.e. that factor price movements bound goods price movements.
All other changes in income, demand and output were found to be
ambiguous, with little possibility for having presumptions as

to what directions of change are likely. In contrast to the
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standard 2x2 model of trade, the 3x2 model with one non-tradea
good leaves cpen the possibility of "perverse" cutput change
of tradables fcllowing a change in price, i.e. an output may

fall (rise) following an increase (decrease) in its price.

In view of the somewhat different and in many cases
ambiguous results for price, demand and output changes which
the various stylized facts are seen to produce, can some

definite conclusicns be drawn about the net results?

To answer this question we first must try to raunk the
various exogenous changes according to their strength. Such
a ranking must be gquite impressionistic. It seems that the
increased capital abundance constitutes the strongest exogenous
influence, because of the magnitude of the chance in factor
ondowments . Another important exocenous change is the differen-
tial in the rates of technicul change between tradaenie and
non-traded goods. In comparison, the change in capital
intensity differences, the shift in taste towards non-traded
goods, and, in particular, the reduction of the tariff rate

scem to be less important.

v

If this is a correct ranking of the various sty'irved

facts in terms of the strength c¢f their effects, is i1* *then
possible to draw conclusions about the net outcome of all
exogenous changes, in particular for allocation in the tradable
sector and for the export-output ratio? Remember that the
increase in capital abundance leads to a higher rate of
expansion of the exportable good than of capital, and to a

fall in the output of imnortables. The export-output ratio
increases. A higher rate of technical progress in tradables

than in non-traded goods is likely to result in higher cutoput

of impcrtables and perhaps also of exportuniies, but pr il N
not to a higher export-output ratio. We conclude that it is
likely that these two exogencus changes produce a more trade-
biased allocation and also a higher export-ocutput ratio, but

not at all certain.
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The remaining exogenous changes give rise to ambiguous
output responses, or, in the case of a taste shift towards
non-traded goods, to ananti-trade-biased output response and
a lower export-output ratio. Hence, the tendency towards a
more specialized allocation and a higher degree of inter-
national specialization which is produced by the two most
important exogenous changes is made weaker, or at least less

certain.

No exogenous change except the tariff reduction causes a
change in relative factor prices. At the same time we have
observed a substantial increase in the wage rate in the real
world., To explain such an increase within the theoretical
framework of chapter 1 we have to abandon the assumption of
incomplete specialization, which we have maintained throughout
this chapter. Instead we have to reason that an increasing
capital abundance has driven the economy successively to
eliminate labor intensive goods and start production of
new, more capital intensive goods. When the labor intensive
importable no longer is produced and there is complete special-
ization in the exportable good the wage rate will rise when
the economy becomes more capital abundant. At some point the
wage-rental ratic is sufficiently high to permit production
of a new good, which is capital intensive relative to the old
exportable good. The economy again produces two tradables, and
increases in the aggregate capital-labor ratio will not alter
the wage-rental ratio but instead result in higher production
of the new exportable good and lower production of the old
exportable good, now a relatively labor intensive importable
good. Thus, increasing capital abundance is seen to cause a
rising wage-rental ratio through successive switches in the

kind of tradables produced.
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CHAPTER 7 CHANGES IN PRICES, ALLOCATION AND TRADE
- A SIMULATION ANALYSIS*

7.1 INTRODUCTION

The analytical approach in this chapter is in principle the
same as that in chapter 6, which has the title "Changes in
prices, allocation and trade - a Heckscher-Ohlin analysis”.
As in chapter 6 we construct a model of the economy and feed
empirically observed facts into the model in order to obtain
their ceteris paritbus effects on prices, income, allocation
and trade.

However, whereas the Heckscher-Ohlin model of chapter 6 is
a highly stylized and qualitative picture of the real world, the
present model is a much more detailed and quantitative general
equilibrium representation of the Swedish economy. In particular,
the properties of the two models differ in such a way that it
can be expected to affect the results of the analysis.

* I am grateful for the help of several persons; to Lars Bergman
for corrections, for suggestions and for guidance in handling
the model, Urban Bidckstrdm for research assistance, Henrik
Horn for some last-minute calculations, Hans Lind for
comments, Hdkan Lyckeborg for programming and especially
Stefan Lundgren for a generous effort in programming and
helping me to get the model through the computer. Errors
are of my own making.
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The purpose of the analysis in this chapter is to see if
the properties of the standard Heckscher-Ohlin model and the
properties of a widely used many-sector, quantitative, general
equilibrium model are sufficiently different to produce funda-
mentally different results for the same exogenous changes, or
if the properties are sufficiently similar so that the two

models give the same qualitative results.

It should be stressed at the outset that although the
simulaticn model is quantitative, and many of its parameters
have been estimated on Swedish data or obtained from national
accounts statistics, such as input-output tables, the purpose
is not to obtain as precise guantitative results as possible.
Most of the data, which are accounted for in the Appendix, are
obtained from other sources, and some of the estimates are

judged to be of rather poor quality.

The simulation model is presented in section 7.2. Section
7.3 discusses in what way basic trade theorems, in particular
the Rybczynski theorem, may hold in the simulation model.
Section 7.4 contains a presentation of the simulations and
their results. Finally, some comments and conclusions are pre-

sented 1n section 7.5.
7.2 THE SIMULATION MODEL

The simulation model builds on a guantitative general equi-
librium model of the Swedish economy developed by Bergman and
Por [19801 for analysing effects of different energy policies
and energy prices. Our model differs from theirs in several
respects: The demand system in our model holds linear ex-
penditure functions while their system contains multiplicative
expenditure functions; their single public sector is dis-
aggregated into seven public sectors in our model; we do not
allow for substitution in production between energy inputs and

between a composite energy and a composite capital-labor input;
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we allow for price elasticity in energy (crude oil) import
demand; capital, which in our model consists of physical as
well as human capital, and labor are assumed to be homogeneous
and earn the same return in all sectors while Bergman and Por
allow for rate of return differentials; finally, we have eli-
minated tax parameters, except for tariffs, as changes in in-
direct taxes other than in tariffs are of no interest in our

application of the model.

The model of Bergman and Por draws in turn much on the
so-called Multi-Sectoral Growth Model (MSG-model) developed
by Johansen [1974] in the late 1950's and on similar models
for medium-term forecasting by e.g. Restad [i976] and Fgrsund
{19771. Different versions of Johansen's MSC-model are used
extensively in analysing medium-term economic policy in Norway

and Sweden.

of the model

7.1 ¢n the next page 1s designed to demonstrate the

input-output structure of the model. Primary and intermediate
inputs are combined in each sector on the supply side to
produce one, homogeneous output. Intermediate inputs are used
in fixed proportions, i.e. the input-output coefficients are
invariant with respect to prices, while primary inputs,
capital and labor, are combined via production functions,

allowing for substitution and technical change.

Total supply is made up of gross domestic production, i.e.
output for use as intermediate inputs as well as for final
demand, and of imports. The size of imports is determined by

import functions.
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There are five different uses for the total supply of
commodities: as intermediate inputs, as private and public
consumption, as investment, and as exports. Demand for inter-
mediate inputs is determined by fixed input-output coefficients,
as already mentioned. Note that public goods are not used as
inputs in other production, according to official input-output
tables. Private consumption is determined endogeneously by
a standard linear expenditure system. Public consumption, on
the other hand, is determined exogeneously. Exports are given

endogenously by export functions.

Investments constitute the resource cost for maintaining
and expanding part of the capital stock. Capital is a composite
of physical and human capital. It is only the physical capital
component which requires resources explicitly, in the form of
investments. Human capital is assumed to be formed via various
forms of public production and consumption, such as education
and health care, and by learning-by-doing. Investments in phy-
sical capital are determined exogenously, as is the growth of
the aggregate capital stock. The homogeneous investment good
is formed by "production", where the inputs are combined

with fixed coefficients.

World market prices, other than Swedish export prices,
are assumed to be given. All other prices, i.e. factor prices,
domestic prices of goods, and the exchange rate, are determined

endogenously.

The solution of the model gives a complete allocation on
the production side, with output and inputs in each sector,
imports and exports, also by sector, private consumption and
all prices, except world market prices of traded goods. All
factor and goods markets are cleared. The solution requires
exogenously given aggregate capital and labor input, public
consumption, aggregate net investment, and world market prices,
plus values on input-output coefficients and parameters in the

various functions.
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The more detailed presentation of the simulation model
below is divided into subsections. In section 7.2.2 endogenous
variables, exogenous variables and parameters are listed. The
supply and demand parts of the model are presented in sections
7.2.3 and 7.2.4 respectively. Price formation and related
questions are dealt with in section 7.2.5 and equilibrium con-
ditions and naticnal accounting identities are given in section
7.2.6.

7.2.2 A list of variables and pardmeters

Endogenous variables

Xj gross output in sector j = 1, 2, ..., 23

xij %n?ut of good i into good j; i =1, 2, ..., 23;
=1, 2, ..., 30

Kj capital stock in sector j =1, 2, ..., 30

Lj labor supply in sector j =1, 2, ..., 30

Mj import of commodity j = 1, 2, ..., 23

M aygregate imports

Zj export of commodity j =1, 2, ..., 23

Z aggregate exports

Ch private consumption of consumer good h =1, 2, ..., 10

C aggregate private consumption

E aggregate private expenditure

Y gross national product

Py domestic cost of production equal to vrice of
domestically produced commodity j =1, 2, ..., 30

P? domestic price of commodity j = 1, 2, ..., 30

Pg price of consumption good h =1, 2, ..., 10

w wage rate

r net rate of return to capital

R user cost of capital

v exchange rate (units of domestic currency per unit of
foreign currency)

P? price of capital.

output of gross investments

<
L



Exogenous variables

L aggregate supply of labor

K aggregate stock of capital

G aggregate public consumption

Gj consumption of public good j = 24, 25, ..., 30

Xj output of public good j = 24, 25, ..., 30

I aggregate net investments

D surplus/deficit on the current account

Wiz

P. world market price, in foreign currency, of exported
J commodity j = 1, 2, ..., 23

WM . . . .

P. world market price, in foreign currency, of imported
J commodity j = 1, 2, ..., 23

¢j ad valorem tariff on commodity j =1, 2, ..., 23.

Parameters

a; . input of commodity i =1, 2, ..., 23 per unit of output

J of commodity j =1, 2, ..., 30, I

A constant in production function for gross output j = 1,
J 2, ..., 30

o distribution parameter in the production function of
J sector j =1, 2, ..., 30

Aj rate of technical change in sector j =1, 2, ..., 30
8 rate of depreciation

o. rate of change of rest of the world output of commodity
J =1, 2, ..., 23

Yaig residual rate of growth of exports j = 1, 2, ..., 23
J and of imports j =1, 2, ..., 23 respectivelyl

€4 price elasticity parameters in the export and import

function for sector 3 =1, 2, ..., 23

ny, marginal propensity to consume good h =1, 2, ..., 10
fjh "input" of commodity j =1, 2, ..., 23 per unit of

private consumption good h =1, 2, ..., 10.

Explained in section 7.2.4.
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7.2.3 Froducticn functions and producticon costs

Production is carried out under constant returns to scale.
There is some scope for factor substitution between capital

and labor. Other inputs are used in constant proportions:

(7.1) Xij = aijxj i=1, 2, .., 23; j=1, 2, .., 30
Capital and labor are combined by Cobb-Douglas production
functions to produce value-added. Value-added is then combined
with intermediate inputs in fixed proportions to produce

gress output according to

a. {(l=a.) ALt
{7.2) X. = A.K,9L, 3 e 3=1, 2, ..., 30

J 33 3
where Aj describes the proportions between value-~added and

intermediate inputs.

It is assumed that producers in private sectors maximize
profits, subject to their production functions, and that pro-
ducers in public sectors minimize costs, subject to their pro-
duction functions. We note that profit maximization and cost
minimization yield the same first order conditions for an
optimal factor combination with constant returns to scale pro-

duction functions.

The user cost of capital, R, is defined as

(7.3) R = (r+5)p7
where P? is the price of capital, defined as
23
- D — v
(7.4) PI L aiIPi'
i=1

Note that capital, which consists of both human and phy-
sical capital, earns the same net return everywhere and has

the same rate of depreciation.
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The wage rate, w, is also assumed to be the same in all
sectors. It has been set equal to the dish-washer wage, and
human capital has been computed in the way described in chapters
2 and 3.

7.2.4 Demand for commodities

The demand for commodities can be classified into six catego-
ries: for private consumption, for public consumption, for in-
vestment, for imports, for exports, and for intermediate in-

puts.
Private consumption is determined endogenously by Stone's
linear expenditure system.1
- ’h 0 oc = 10
(7.5) ¢, = Ch(O) + 5; (E - kgl Pka(O)) h=1,2,...,

The notation (0) means consumption dated at time 0, i.e. the
base year. Other quantities and all prices are for some other

year t.

Each private consumption good h is composed of commodities
supplied by the private sector in fixed proportions:
c 10
(7.6) xj = hzl Cy fhj j = 1,5..,23
where Xg is the amount of good j allocated to private consump-
tion.

Demand for public consumption and for physical capital in-
vestment, both their aggregate levels and their composition,
are determined exogenously. Intermediate input demand is given

by equation (7.1).

! The consumption functiomns (7.5) satisfy the budget restriction, are

linearly homogeneous and satisfy the Slutsky condition that cross-price
substitution effects be symmetrical. These are conditions generally
required from demand systems. For a further discussion of Stone's linear
expenditure system and its properties, see e.g. Deaton and Muellbauer
[19801.



Private and public consumption and investment consists
of domestically produced and also of imported commodities.
The share of imports in domestic demand is determined bv the
relative price of imports, by the historically given share
of imports in domestic supply and a residual growth of imports.
The import functions give imports as a proportion of output

less exports:

M, Mi(O) ( P, \ui £t
(7.7) m, = 5= =
i X% xi(O)-Zi(O)L(1+®i)vprirlr~1j

i=1,2,...,23
Export demand is a function of the relative price of ex~
ports, of the growth of outovut in the rest of the world and
of residual growth:

R A
(7.8) Z2. = 2,(0)]|—2| e i=1,2,...,23

The residual growth rates gi and y; are such that in the
standard simulation (see section 7.4) the growth of the import
shares and of exports equal the actual growth rates.

Import and export functions on the form of (7.7) and (7.8),
which are common in many=-sector macro models, have been given
a theoretical foundation by Armington [196%9]. Very briefly,
Armington argues that goods can be differentiated in demand
not only by their kind, e.g. as machinery and chemicals, but
also by their place of production. Thus, in a world with two
countries, Sweden and Norway, and two kinds of goods, chemicals
and machinery, there will be four different kinds of goods in
demand, namely chemicals produced in Sweden, chemicals produced
in Norway, machinery produced in Sweden, and machinery produced
in Norway. Armington then derives demand functions for goods
which are defined by kind and place of production in the usual
way by maximizing a welfare function (for a country) subject

to a budget constraint. By employing the assumptions a) the



marginal rates of substitution between goods of the same kind
(and from different places of production) are independent of
the guantities of all other kinds of goods (i.e. separability),
and b) that each good's share of the market for goods from
different places of production but of the same kind is un-
affected by the size of the market as long as.relative prices
in the market are constant (i.e. homctheticity), he derives
demand functions where demand for a good defined by kind and
origin depends on money income, the price of each general

kind of good, and the price of the good relative to every

other good in the same market. To simplify the demand functions
further and to collapse the number of goods in each market,
i.e. the number of places of origin, he assumes that a) elasti-
cities of substitution between products competing in any market
are constant (they are independent of market shares) and b) the
elasticity of substitution between any two goods competing in

a market is the same as that between any other pair of goods
competing in the same market. For a more detailed discussion

and derivation of (7.7) and (7.8) see Armington [1969].

Armington's way of differentiating products in demand by
location of production {(and not by technology characteristics)
provides an explanation for intra~industry trade which in
principle is the same as that discussed in chapter 5. A diffe-
rence is that here countries are completely specialized in
particular varieties, whereas other product differentiation
theories allow for production of the same variety in different

countries.

It should be pointed out that Armington's approach means
that there are separate markets for goods which in the simula-
tion model have been aggregated into one good (or sector).
Strictly, aggregation of these different goods must be non-
-linear by the form of the export and import functions and not

linear, as in (7.9) below, for prices, and in (7.13), for goods.
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However, for relatively small differences in relative prices,
the linear aggregation in (7.9) is probably a good approxi-
mation.

7.2.5 Prices

The world market prices, P?M and P?Z, are given.

The wage rate, w, and the rental rate, r, are market
clearing prices in the labor and capital markets respectively
{see (7.16) and (7.17})).

Producer costs, P., are given by production costs. In

equilibrium they are equal to the prices of domestically pro-
duced goods. They need not be and usually are not equal to
prices of the same consumption goods, since the latter are

aggregates of domestically produced goods and imports.

1 - . . .
In addition to the theoretical construction by Armington there may be

other explanations for having export and import functions with less

than infinite elasticities. One explanation, pointed out by Lars Bergman,
is that the convention used by the National Central Bureau of Statistics
to aggregate domestic output means that the domestic aggregates are
different from the imports which are classified under the same sector
heading. Aggregation of domestic output follows the main good of the
plant. If the plant produces goods which come under a different sector
heading, these goods are nevertheless considered to be of the same kind
as the main good. Import aggregates, on the other hand, only contain the
goods which strictly belong under the sector heading. Hence, domestic
aggregates and import aggregates have different cowmposition and, there-

fore, normally different prices. If the goods are not perfect substitutes,

import functions should be on the form (7.7).

Yet another explanation in terms of "erroneous" aggregation has been
suggested by Karl-Gdran Miler in conversation. He argues that the home
country and the rest of the world each are completely specialized in a
large number of goods. Each sector supply contains a set of goods
produced domestically and a set of different goods produced abroad.
This explains the less than infinitely elastic supply of imports and
exports. When comparative costs change the composition of the sector
supply between domestic production and imports is altered, as some
domestic production of previously foreign-produced =oods is started,

or some domestic production is dropped completely and is moved to other
countries. Consequently, the relative price of the import aggregate will
also change.
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Prices, P?, are weighted averages of the import price and

and the producer cost:

m.
D _ 3 WM 1 L= 2 ..23
(7.9) Pj l+mj (1+¢;j)vpj + _—1+mj Pj 3j 1,2,00es

The prices of the composite consumption goods, Pg, are

then simply weighted averages of the prices:

(7.10) p- = § f. P, h=12,...,10

The price of the investment good, p° is determined accord-

II
ing to equation (7.4) above.

In order for the price level to be determinate we norma-
lize it and hold it constant at unity:

30 23 WM

0
(7.11) yOPLX. o+ ) VPL M. = 7 X, + ] M
; j=1 0 33 33 I

The normalization of the price level in effect is the endogenous
determination of the exchange rate, V.

There is no explicit budget restriction for households in
the model. Such a restriction is implied by the trade balance

condition

(7.12) 7
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7.2.6 Equilidrium conditions and accounting identities

The following equilibrjum conditions must be fulfilled aud are

needed to close the model:

30
7.13 X, = 1} X, + x° - ¥
( ) i jiw aijxj XJ + Xi,I t2- M
i=1,2,...,23
(7.14) X; =G, i=24,...,30
30
(7.15) X_=1+ | 6K.
T j=1 3
30
(7.16) ) K. =K
=1
30
(7.17) , N. =N
=1

The aggregate variables Y, C, G, 2 and M are defined as

(7.18) Y=C+G+XI+Z—M
10
(7.19) Cc = ‘21 cy
n=1i
30
(7.20) G= ) G.
=24 1
23
(7.21) 2= 5 1z,
j=1
23
(7.22) M= 3 M.
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7.3 BASIC TRADE THEOREMS AND THE SIMULATION MODEL

There exist two differences between the Heckscher-Ohlin model
in chapter 6 and the simulation model which are of fundamental
importance. One difference is that the Heckscher-Ohlin model
has exogenous prices on tradable goods, while the simulation
model has endogenous prices on domestically produced tradables.
In trade literature language the difference is that between a
"small" and a "large" country. This means that production of
tradables in the Heckscher-Ohlin model is not influenced by
domestic demand for tradables, while the opposite is true for

the simulation model.

A second difference is that the Heckscher-Ohlin model has
an equal number of tradable and produced goods as factors,
while the simulation model has a greater number of goods than
factors. As a result, we cannot apply the Rybczynski and
Stolper-Samuelson theorems, which are basic for the analysis
in chapter 6 without making some further assumptions. With more
goods than factors we can no longer say, for example, how a
particular output will change following an increase in the en-—
dowment capital-labor ratio, or how a change in the price of a

particular good will affect the wage~rental ratio.

Having said this much, what reasons do we have to expect
that the Heckscher-Ohlin model in chapter 6 and the simulation
model will yield the same qualitative results for the same
changes in exogenous variables? To answer this question we will
first study a model of a closed economy having only two goods
and two factors and then continue the discussion in a many
good - two factor context, The model is described by the follow-
ing equations, where the meaning of all symbols is identical
to those in the Heckscher-Ohlin model in chapter 6 (see pp.

116 - 119):1

1 . . . .
The model is practically identical to a model in Jones [1965].
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(7.23) ')‘Ll;zl + AL2§2 = i + dL(:u-;) + G
(7.24) xKlAl + xK2§2 =K - 5K(Q-;) s
{7.25) CLLQ + Hklf = él + nl

(7,26) 9L2‘:’ + a“; = 52 + nz

£7.27) l:’1 = “11;1 * r‘121:’2 * ”1Y§

(7.28) Dy = nypy * ny,P, T iy ¥

7.29) ¥ = g (WD) ¥ g, (+K)

(7.30) X, = D,

(7.31) x, =D,

There are 9 endogenous variables in the model, namely Xl'
s - ~ - - PN ~
‘2' Dl’ D2, Pir Ppe W, T, and Y. Two variables are exogenous,

Pl
N
1. and K.

Quantities, prices and income are determined by factor
endowments, by preferences, as given by price and income elasti-
cities, and by technology. Already at this pcint we make the

crucial assumption that demand is homcthetic, i.e. that Ny =

= Nyy = 1. This assumption is discussed below. Also, as
numeratre we use good 1, so that 51 = 0. In what follows we

are not going to study effects of technical progress; for

i . = . = = = 0.
simplicity we set 1L g Hl HZ 0
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We will solve for the differences (il—iz), (@-f) and
(ﬁl-éz). Subtract (7.24) from (7.23), (7.26) from (7.25) and
(7.28) from (7.27) to obtain

~ N TRy
(7.32) (k=% = 20 >
EEPY 12!
" A (p1-P,)
(7.33) (w-1) =t
‘”12‘
- (Bb,~b.)
A a 1702
(7.34) (py=py) = (1,125)
Define (Dl—Dz)/(p2~pl) = (nlz-nzz) as the elasticity of

demand substitution, Cp- In a two-good mcdel with homothetic

preferences op > 0.

Substitute {(7.33) into (7.32) to obtain

X=X (R O+

(7.35)

~ ~

(Pl'Pz) [Xl2l(pl—p2) !Xlzllelzl

At constant factor supplies and technology (7.35) gives the
elasticity of commodity substitution along the transformation

curve. Define oy as

X))
o = == =
(pl-Pz) txl2l;el2)

(6L+6K)

The elasticity is positive, since GL > 0 and 5K > 0, and ]Xl?I

and |0 always have the same sign.

12|
Solving for the three differences in rates of change in

terms of exogenous variables now yields
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A A (ﬁ-ﬁ) 9p
(7.36) (hl-xz) = szgrrggjggy
e - (G-K)
7.37 - = T
( 37) (w r) W‘lzlll)‘lzi(-o[)+0 )
- - - (1-K)
7.38 . =
( ) (pl p2) ‘Alz (0D+os)

We are now prepared to discuss the differences in scope
for Rybczynski type output effects in a model where prices
change following changes in exogenous variables, as in the
simulation model, compared to in a model with no price changes,

as in the Heckscher-Ohlin model (for most of the cases we have
analysed).

We take the case of an increase in the capital stock, i.e.

X
output changes is determined by a) price elasticities of demand,

> 0 and ﬁ = 0. Consider (7.36). The difference in the rates of

9p (but not by income elasticities, because of our assump-
tion of homotheticity), b) factor proportions differences, as
given by [},,|, and c) elasticities of substitution through
og- In a two-good, two-factor Heckscher-Ohlin model only
factor proportions differences would have mattered; (7.36)

then becomes:

(7.39) (Xl—xz) = W

, -X >
For Kl/Ll > K2/L2 we have that ]Xlzl < 0, and, hence, (Xl 2)
> 0. But in a closed economy, factor and goods prices will
change following a change in factor endowments. Assume that
7/ .
K /Ly > K,/L, so that the determinants lklgl <0, l612lA<A0.
Then we have, from (7.38) and (7.37), (pl-pz) < 0 and (w=r) > 0.

The rise in the wage-rental ratio will diminish the

Rybczynski effect, because it will give rise to substitution
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in production. This is best seen from equation (7.32). A big
change in the wage-rental ratio, big elasticities of substi-

tution, shown through 5L and § and a small difference in

KI
capital intensity, ]A12|, serve to dampen the Rybczynski

output effect of a change in factor endowments.

However, under our assumption that demand is homothetic
we find that the primary Rybezynski effect is stronger than

the secondary effects on output induced by price changes.

Non~homothetic demand may strengthen or attenuate this
result, depending on whether the income elasticity for good 1
is greater or smaller than the income elasticity for good 2.
With non-homothetic demand (7.36) becomes
)Y

~ (L-K) 9, os(nly‘nzY

(7.39) (x
. D+cs)

. +
Ix, 1 lopta,) (o

‘A second term is now added to the right-hand-side of (7.36).
Assuming that national income increases following an increase
in capital, i.e. § > 0, the term is positive or negative
according as nlY Z HZY‘

Note that the relation between goods prices and factor
prices is not altered by letting the goods prices be endogenous
instead of exogenous as in the Heckscher-Chlin model. Equation
(7.33) is identical to the corresponding equation in the

standard two-good, two-factor Heckscher-Ohlin model.

The model exercise shows that in a closed economy
demand can serve to prevent extreme reallocations following
changes in exogenous variables, such as factor endowments.
This brings us back to the guestion asked at the outset: What
reasons do we have to expect that the Heckscher-Ohlin model in
chapter 6 and the simulation model will yield the same gualita-

tive results for the same changes in exogenous variables?

Assume that we increase the supply of capital in a
many-good, two-factor model with endogenous prices. Also,

assume that there is no possibility for substitution in
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production. The increase in capital can in principle be
absorbed by an infinite number of reallocations. For example,
the most capital intensive sector may expand while all

other sectors contract or some sectors in the middle range
of capital intensities may expand while both more and less

capital intensive sectors contract.

The actual reallocation will however not be stochastic,
but will be determined by the demand system. Assume that demand
is siomotrnetic and symmetric in the sense that all goods have
the same own=~price elasticites and that all cross-price elasti-

cities are the same, i.e.

Niy = 1 i=1,..., n
”ii = " i=1,...,n
”ij = n, i=1l,.c0yn; J=1,...,n; 1 # 3.

The many-good, two-factor model corresponding to the model
described by (7.23)-(7.31), assuming no technical change and

no substitution in production, can now be written as

n ~ ~
(7.40) ] A X, =L
i=1 Li1i
n ~ ~
(7.41) .E AgiX; = R
i=1
(7.42) 8 W * BT = P, i=1,...,n
~ n ~ ~
(7.43) D; = Z N3 5P + Y i=l,...,n
Jj=1
(7.44) Y = eL(w+L) + ex(r+K)
(7.45) X; = D, i=l,...,n

There are 3n + 3 equations to solve for the rates of change in

n prices pyr D outputs Xi, n demands Di’ the wage rate w, the
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rental rate r and national income Y. Equations (7.40)-(7.45)

can be manipulated to yield the following relatiocons:

(7.46) (W-1r) = (LX)
[ YI( ? " )
[Ny~ Na !l L0
vl 2}\151 1°Lij
(7.47) (pi-pj) = (eLi eLj)(w-r) ;=l,. .0
3=1,...,n
i#j
(7.48) (Xi—xj) = (nl—mz)(pi-pj) i=1, ,n
3=1,. e
1#£3

Assume now that there is an increase in capital but that
the supply of labor is cconstant, i.e. K> 0 and L = 0. From
{(7.46) we have that the wage—-rental ratio must increase

following the change in factor endowments. The term ( n

ny=n,)
12
is negative, since the uniform own-price elasticity of demand

n, is assumed to be negative and the uniform cross-price
l fu

elasticity n

' positive.

Consider next (7.47). A given rise in the wage-rental
ratio will lower (raise) relative costs of production for
capital (labor) intensive goods. The fall {(rise) in production
costs is larger the more capital (labor) intensive production

is, as shown by the term .} . Costs are equal to prices.

F punyat
(aLi ‘L3
We have the result that when capital intensities are ranked as

] > 8 > ... > 8

K1 K2 Kn’

the price rates of change will be ranked as

~
~

P, €< Py < ++. < B
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Consider now (7.48). The difference in rates of change
of outputs is proportional to the difference in their price
rates of change. Since the latter difference is dependent on
capital intensities as shown above we have the result that
the output rates of change are ranked as

X. > Xy > ... > X .
1 2 n

Hence, we argue that under a certain degree of symmetry
in demand and substitution and with income elasticities close

to unity we can expect a positive correlation between the

ranking of capital intensities and the ranking of the rates
of output charge in the simulation model when capital is in-
d f(and a regative correlation when labor is increased).
n, the ranking of the rates of change of prices will

o
be regatively correlated with the ranking according to capital

tntensity when capital is increased (and positively correlated

when labor ©s inecreased).

Are the conditions about price and income elasticities of
demand and elasticities of substitution met by the simulation
model? Let us first consider elasticities of substitution. All
sectors produce value-added by Cobb-Douglas production functions,
see equation {(7.2). Hence, the elasticity of substitution between
capital and labor is constant and equal to unity in value-added
as well as in intermediate inputs. The condition about symmetry
in substitution is thereby fulfilled. (Accordingly, there will
be no factor intensity reversals.) On the other hand, the scope
for substitution is considerable; substitution between labor
and capital takes place at the same rate as factor prices change.
This property of the simulaition model can be expected tc neutra-
lize a substantial part of the Rybezynski output effects,

Next, we consider the demand system. Demand for domestically
produced goods is composed of private (household) demand, public
demand, investment demand, and export demand. Public demand is

held constant, except in one simulation, where we study the



effects of an expansion of public output and demand. Invest-
ment demand is also determined exogenously (as a function of
the exogenously determined capital stock), and the composition
of the investment good is fixed. Export demand is determined by
the ratio between the Swedish production cost and the world
market price, a price elasticity term, and exogenously given
growth rates. The price elasticities and the growth rates differ
substantially between export functions, so that export demand is
not characterized by symmetry and homotheticity. The private
demand system, on the other hand, is nearly homothetic in that
the marginal consumption propensities are close to unity for
all consumption goods, and the matrix converting sector-classi-
fied outputs into consumption goods has fixed coeificients,

see (7.5) and (7.6). Also, Stone's linear expenditure system
has the property that relative price changes only reallocate
consumption vi{a income changes, i.e. via the marginal consump-
tion propensities. In other words, the private consumption

pattern in the simulation model is fairly rigid.

The most important components of demand for domestically
produced goods for the guestion under discussicn are export
demand and private demand {considering that public demand is
exogenous and fixed). Inspection of the parameters in the
export functions and consideration of the size of export de-
mand relative to private demand leads us to conclude that the
combined export and private demand is fairly stable with respect

to income changes and also with respect to price changes.

Finally, in this discussiocn of the basic trade theorems
in a many-sector, two-factor model with endogenous prices, we
must also mention the Heckscher-Ohlin theorem. If factcr prices
are equalized between countries, technology is the same, and
demand is homothetic and identical, the Heckscher-Ohlin theorem
still holds, see e.g. Melvin [1968] and Bhagwati {1972]. A
stronger version of the thecrem holds when technology is the

same and prices are not equalized. Then all exported goods are
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more capital {(labor) intensive than all imported goods. This

proposition is due to Jones [1956] as corrected by Bhagwati

[1972].
7.4 SIMULATION RESULTS

In principle, the simulations repeat the comparative statics
experiments of the last chapter. The starting point is the
swedish economy as described by the simulation model in 1966.1
Exogenous changes are put to the model one by one, and new
sets of prices, allocations and trade patterns are obtained.
The excgencous changes constitute the actual changes in fac-
tor supplies, public sector output, technology (in a certain
sense) and tariffs during the periods 1959-66 and 1966-74.
Prices, allocations and trade patterns in 1959 and 1974 for
the different simulaticns are then compared to simulated
"actual” values in those years and to the actual values in
1966. The intention is to find and, if possible, to estimate
the strength of the Rybczynski type effects discussed in

chapter 6.

Five simulations have been made for each of the two
periods 1959-66 and 1966-74. They are labelled stax

j'll”’i,
technology and tariff respectively.

cndowrent, p
The standard simulation is a simulation of :the actual economic
development between 1959 and 1966 and between 1966 and 1974.

Changes in factor endowments, public production (consumption),

technology and tariffs have been assigned their actual values.2

i . . . . .
An obvicus alternative to taking 1966 as the starting year would be

t
use 1959. The simulaticns would then describe the coterie raribus effects
of the various excgenous cevelopments for the whole period 1959~ i
stead of for two, shorter period The year 1959 was not chosen as a base
ons. The first is that the 1959 input-output coefficients
treme’ point for the intermediate input-output technology
The coefficients for 1966 are likeiv to represent
simply that there doce not

year for two
represent
per

The second reason

input-outnur table for
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In the other simulations only one kind of change is allowed.

In the endowment simulation the capital and labor endowments

in 1966 have been replaced by the endowments in 1959 and 1974,
respectively. In the public sector simulation the actual output
values of seven different public services in 1959 and 1974 have
been replaced by the output values in 1966, This experiment
corresponds to the experiment of a shift in taste towards non-
-traded goods in the Heckscher-Ohlin model in chapter 6. In

the technology simulation we find new solutions for the model
when there has been technical change (total factor productivity
change) for seven years, 1959-1966, and eight years, 1966-1974.
Finally, in the tariff simulation we let the tariff rates take
on the values in 1959 and 1974 respectively, and obtain new
solutions for prices, outputs, trade, income, and other endoge-

nous variables.

Before presenting and commenting on the simulation results
it is necessary to discuss a more basic result, which dominates
the other results. It concerns the similarity in factor propor-
tions between sectors and the consequences of this similarity
for the simulations. This is done in section 7.4.1. Section
7.4.2 deals with the price effects in the various simulations.
Sections 7.4.3-6 contain presentations and discussions of the
effects on aggregate income, domestic demand, allocation of

production and trade, respectively.

! This is not strictly true; exports and imports are allowed to grow

at their exogenously given residual rates in all simulations. An alterna-
tive would have been to have zero growth except in the standard simu-
lations, and to add a sixth simulation to establish the ceteris partbus
effects of exogenous residual growth in exports and imports. This alter-
native was not chosen because of the difficulty of interpretation

of exogenous residual growth as an independent explanatory variable,



7.4.1 Factor proportions differences

The present analysis rests on differences in factor propor-
ticns, Before turning to the simulation results we record
the factor proportions of the 30 sectors in the MSG-model to
see 1f the particular ordering of capital intensities in it

is the same as in the Heckscher-0Ohlin model. Consider takble

7

e

S . . . 1
Tagble 7.1 Capital-labor ratios

Sector
1 Agriculture 2.33
2 Forestry 1.70
3 Mining 2.85
4 Import-sheltered food manufacturing 2.33
5 Import-competing food manufacturing 2.23
6 Beverage and tobacco 2.23
7 Textiles and clothing 1.50
8 Wood and wood products 1.86
S Printing and publishing 2.85
10 Rubber 1.3856
11 Chemicals 2.45
12 Petroleunm 2.03
1 Non-metallic minerals 2.13
14 Iron and steel 1.78
15 Engineering 1.78
16 Ships 1.86
17 Other manufacturing 1.56
18 Electricity, gas and water 5.25
19 Construction 2.23
20 Commerce 1.86
21 Transport 2.13
22 Housing 11.50
23 Private services 3.00
24 Defense 2.33
25 Judicial services 3.00
26 Education 4,00
27 Health 1.86
28 Social services 1.63
29 Road construction and maintenance 1.86
30 Administration and other services 3.00

Returns to capital/returns to labor, in terms of total requirements
of capital and labor.
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Observe that the capital-labor ratios in table 7.1 corre-

spond to k., in chapter 3, except that instead of being based

on direct iequirements, here the ratios are based on total re-
quirements of capital and labor.l Because all production func-
tions are Cobb=-Douglas, the ratios will be constant over time;
the rate of change of the ratio between the quantity of capital
and the quantity of labor is equal to the rate of change of the

wage rental ratio in all sectors.

The differences in capital intensities are rather small.
They are smaller than those recorded in chapter 3 measured in
standard deviations. This is expected: in chapter 3 the capital-
labor ratios are for value~added and here they are for zotual
(direct~and-indirect) factor inputs. The ratios for total in-
puts tend to be more egqual than the ratios for direct inputs.
The reason is that sectors which are very capital intensive
or very labor intensive in terms of direct inputs have inter-
mediate inputs which are less extreme in capital or labor in-

tensities.

Relatively small factor proportions differences mean
that the transformation surface of the economy is relatively
flat. A flat transformation surface produces strong Rybczynski
effects; the small factor intensity differences are "compen-
sated" for by large output changes. Thus, we should expect
relatively strong Rybczynski effects in the simulations. This
would be true if there were no price changes tc take into
account. If price changes follow other, exogenous, changes,
such as in factor endowments, there will be substitution
between factors of production which counteracts the

Rybczynski ocutput changes. The flatter the transformation

i .
R+ &y,
B S
(\1 i
wl



180

surface, the larger are the output movements induced by sub-
stitution.lThe box djagram below serves to illustrate the

point:

Figure 7.2

X2 X5
— ===z
,-F::/ I
P, 37~ I
<
7 |
- / l
- P -
2 2 // |
3 / |
/ i
/ ]
4 |
/ !
lr

——

X, Capital K

An increase in the capital stock, 8K, leads to a big expan-
sion of good XZ' from X, P, to XéPz, and a big contraction

271
of good Xl' from lel to X2P2. This reallocation is greater
the more similar is the slope of X,P, to that of XZPl (or

XéPZ), i.e. the flatter is the transformation curve. How-
ever, in the MSG-model an increase in capital will lead to

a fall in the price of capital. As both sectors now rearrange
production to employ relatively more capital, good Xl will
again expand and good X2 contract. The extent of this counter-
effect of course depends on elasticities of substitution.

1

Cf. the discussion in section 7.3, and in particular equation (7.36).
When the transformation surface is flat, even small tariff changes

may have sizeable effects on resource allocation. The potential im-
portance of small tariff changes has been pointed out by Melvin [1968].
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Hence, although capital intensities are similar between
sectors and, accordingly, the transformation surface of the
economy seems to be relatively flat, we do not expect pronounc-

ed Rybczynski effects.

A second observation which can be made about the observed
factor proportions is that the public sector as a whole, which
plays the role of the non-traded good of chapter 6, is as
capital intensive as the aggregate private, tradable sector.
The public anrd private sectors both have weighted averace

capital-labor ratios of 2.33 in 1966.

There are important consequences of egual factor propor-
tions in the private and public sectors. It will be recalled
that an expansion of the non-traded sector in the analysis of
chapter 6 resulted in a lower capital intensity of the
tradables sector. This was achieved by a contracticn of the
capital intensive exportable and an expansion of the labor in-
tensive importable good. As a result of decreased specializa-
tion in the tradables sector less goods were exported and im-

_ported as a proportion of GNP. These effects of changes in the
relative size of non-traded, public goods only occur when
there is a difference in factor proportions between the non-
-traded and the tradables sector. We will return to necessary
modifications of the results of the Heckscher-Ohlin analysis

when presenting the simulation results below.
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7.4.2 Prices

Consider first the movement of factor prices:

Tabie 7.2 Wage-rental ratios
Wage-rental ratio in 1966 = 0,84 = 5.50
SK per hour/€.55 SK per year per 100 SK
of capital

Simulation 1358 1874
Standard 0.62. . 1.06
Endowment 0.60 1.07
Public sector 0.83 0.81
Technology 0.88 0.80
Tariff 0.83 0.81

Note that the wage-rental ratio increases substantially in
the standard simulation. The rate of change over the whole
period 1959-74 is 3.6 per cent per yvear. It is slightly
higher for the first subperiod 1959-66 than for the second
subperiod 1966-74. Note also that the wage-rental ratio rises
at an even higher rate in the endowment simulation, in both
subperiods. In contrast, the wage-rental ratio is more or
less constant or falling in the other simulations. Hence,

we conclude that the increased wage-rental ratio from 1959

to 1974 is entirely caused by an increasingly capital

intensive factor endowment.

The effect of expanding the public sector is to raise
the wage-rental ratio very slightly, from 0.83 to 0.84, in
the first period and to lower it scomewhat in the second
period. These small changes are caused by demand changes
only, We can conclude that demand changes are not sufficiently
biased towards capital or labor intensive goods to alter the

wage-rental ratio significantly.



-
[e¥)
w

Technical change has a significant effect on relative
factor prices: the wage=-rental ratio is lowered in an equal
degree in both subperiods. In the framework of the Heckscher-
-0Ohlin model a higher rate of technical change in labor in-
tensive importables than in capital intensive exportables
results in a fall in the wage-rental ratio, cf. eguations
(6.33) and (6.34). The reason is that relatively more labor
is "released" by technical progress than capital. This re-
sults in a potential excess supply of labor, which leads to
a fall in the wage-rental ratio. The potential excess supply
of labor is then taken care of by substitution of labor for
capital in production. It appears that the rates of change
in total factor productivity in the simulation model are such
that more labor is saved than capital, which sets off the
same chain of effects as in the Heckscher-0hlin model, one

of which is a fall in the wage-rental ratio.

Tariff reductions on the labor intensive import goocd
result in a lower wage-rental ratio in the Heckscher-Ohlin
framework of chapter 6, cf. equations (6.33) and (6.34).
Here, the results are ambigucus. The wage rate is siightly
increased in the first subperiod and then decreased in the
second subperiod. We can therefore do no more than conclude
that tariff reductions have had an insignificant effect on
relative factor prices. The ambiguous results are consistent
with our finding in chapter 5, that there exists no signifi-
cant correlation between tariff rates and sectoral capital

intensities.

Next, we turn to domestic produciion costs. The produc-
tion cost is the major component of prices on commodities.
We wish to determine how much relative costs change following
the different exogenous changes made. Consider the standard
deviations of the different sets of production costs in table
7.8
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Table 7.3 Production cost variability inm the private sector

Standard deviations of unweighted costs,
means within parenthesis.
ALl coste In 1966 equal to unity.

Stmulation 1959 1874
Standard 0.06 0.06
(1.02) (0.99)
Endowment 0.03 0.03
(1.00) (1.01)
Public sector 0.02 0.02
(0.98) (1.03)
Technology 0.06 0.07
(1.00) (1.00)
Tariff 0.02 0.02
(0.99) (1.03)

There is quite little variability in costs in 1959 and 1974

in all simulations. Relative cests can change in two ways,

cf. equations (6.19)-(6.21). One way is through technical
change at different rates between sectors. The other way is
through differences in capital intensities, when factor prices
change for some exogenous reason. Apparently factor price
movements, althcugh they are substantial in the endowment
simulation, have almost no effect. The explanation is that the
different gsectors have similar capital-labor ratios. Technical
change has a somewhat greater effect on relative costs, since

the rates of change differ significantly between sectors.l

1 . .
The stronger influcnce of technical change on cost changes is confirmed
by the following regression results:

=g ; /
C59/C66 30 + 31(K11) + Szk + €

= 0.68 + 0.36(K/L) + 2.85 x

(10.11)  (4.10) (7.49) R2 = 0.71
cM/c% = 1.30 - 0.31(K/L) - 2.90 » _
(14.25) (2.68) - (5.63) RZ = 0.57

All coefficients have expected signs. The coefficients ) for technical
change in value-added are highly significant at the 5 per cent level.
Clearly, the effect of technical change on prices is quite strong,
while the effect of factor proportions is weak.



7.4.3 GNP

Not surprisingly, increases in factor endowments and technical
progress are the major sources of growth, according to the

simulations. Consider table 7.4¢:

Table 7.4 GNP changes

GNP, / GNP o .
Yearly growth rate,
Simulation 1983 1374 per cent
Standard 0.73 1.29 3.9
Endowment 0.80 1.18 2.6
Public sector 0.98 1.02 0.3
Technology 0.89 1.14 1.7
Tariff 0.98 1.03 0.3

The change in the level of GNP in the standard simulation is
equivalent to a yearly growth of 3.9 per cent. Factor accumu-
lation is the most impcrtant source of GNP growth, and tech-
nical progress ranks second, significantly below factor
accumulation but still important. As can be seen, tariff
reductions contributed somewhat to growth, as did reallcca-
tion of resources from the private to the public sectcr. The
explanation for the increase in GNP of this reallocation is
probably that factors are more productive in the public than

in the private sector.

7.4.4 Private demand

In view of guite small changes in relative costs and also
in prices (not shown above), and considering that income
elasticities are fairly similar, it is expected that the
pattern of private demand is stable. The simulated patterns

are shown in table 7.5:



Table 7.5 Patterns of private demand

Percentage shares

Gooda* 1958 1366, 1974
) E P Te Ta . i ) E P Te Ta
1 25 25 23 25 24 § 23 521 21 24 21 22
2 7 9 7 8 1 9110 10 8 10 9
3 8 8 9 8 9i9§10 10 9 10 1o
4 5 5 4 5 41 44 4 4 4 4
5 6 5'57f4 4 5 4
6 22 2 22 13 ; 19 :1l6 16 20 16 18
7 14 14 14 15 | 16 16 16 5 16
8 5 5 547 6 6 6 5 6
9 4 4 5 4 5 ; 5 ‘ 6 6 5 6 5
10 4 4 6 4 51 sl 6 5 6 6
¥ 1 = Food 6 = Housing
2 = Beverage, tobacco 7 = Transportation
3 = Clothes 8 = Leisure
4 = Entertainment 9 = Furniture, etc.
5 = Personal hygiene 10 = Other
By looking at the three S columns (S = standard simulation) cne

can see the simulated development over time of the consumption
pattern. Clear trends are visible., For example, maljor items
such as food and housing have decreasing shares of private
consumption. Nevertheless, changes are relatively small. The
demand pattern in the endowment (E) and technology (Te) simu-
laticns are virtually identical to that of the standard simu-
lation in each subperiod. The pattern is more or less constant,
compared to 1966, in the public sector (P) and tariff (Ta)

simulations.
From *table 7.5 we infer that demand for private goods and
services has not been the cause of large reallocations in the

econony. Furthermore, it seems that the derived demand for
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capital and labor from private consumption has not changed in
a way so that factor prices have changed much., This conclusion
is supported by the fact that factor proportions are similar
in the consumption goods. Similar factor proportions and a
stable consumption pattern mean that the derived demand for
factors of production is stable as well, and not shifting sub-

stantially towards one of the factors.

7.4.5 Allocation

The focus of attention in chapter 6, where the effects of some
stylized facts of growth were analyzed, and here, where the
effects of similar exogenous changes are studied in a different
model, is on allocation. The question now is: can the same
effects be observed in the simulation as in the Heckscher-Ohlin

model?

The Rybczynski effects in the Heckscher-Ohlin model are
essentially adjustments in resource allocation to accommodate
changes in factor endowments, which are necessary to maintain
required full employment of resources. The effects are easy to
define and identify in a model with only two tradecd commodi-
ties (and two factors). Even when other influences are present
on resource allocation, such as factor substitution, we can
separate them from the pure Rybczynski effects (cf. eguation
(7.32)).

Full employment of resources is required in the simula-
tion model as well. Hence, Rybczynski effects, i.e. realloca-
tion of resources at constant prices to fulfill the full employ-
ment restriction, are expected to be present also in the si-~
mulaticn model. However, as there now are more goods than fac-
tors it cannot be determined precisely which goods will expand
and which will contract. For example, it is not certain that
the most capital intensive commodity will be produced in greater

quantity following an addition to the economy's capital stock.
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However, we also argued in section 7.3 that with a cer-
tain degree of symmetry in substitution and demand, and with
nearly homothetic demand, we expect the rates of output change
to be ranked as are the capital-labor ratios. As a test of the
degree to which Rybczynski type reallocation is occurring we
have calculated the rank ccrrelation betweern sectortal outpat
changes and sectorial capital itrntensities., Rank correlation

coefficients are presented in tuble 7.6:

Table 7.8 Rauk ccrreziation between output changes and capital
interngitiea in the private sector

Spearman rank correlation

coefficients
Simulation 1959 1974
Standard 0.184 -0.063
Endowment 0.125 0.074
Public sector -0.218 0.210
Technology ~0.154 0.0646
Tariff -0.208 0.146

Factor endowment simulation

In the Heckscher-Ohlin model the effects of changes in the
factor endowment are clear. An increase in the aggregate
capital-labor ratio causes the capital intensive exportable
to expand and the labor intensive importable to contract, cf.
section 6.5. The output movement is more pronounced than the
factor movement in proportional terms. Behind the reallocation
of production are conflicting Rybczynski effects: one direct
effect from the change in factor endowments and one indirect
effect via the change in non-traded goods output. This direct
effect should be present also in the MSG-model. The indirect
effect, on the other hand, is eliminated, as public sector
output is held constant in the endowment simulation. (The
effects of the expansion of the non-traded, public sector are
instead analyzed separately in the public sector simulation.)
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Because of the way in.which the Heckscher-0Ohlin model
is specified there are no price changes following a change
in factor endowments. Resources are reallocated solely as a
result of the change in factor supplies. That is, however,
not the case in the MSG-model. There, as we have seen, the
given change in factor endowments causes factor and commodity
prices to move, and as a result there will be secondary
effects on resource allocation. An increase in the aggregate
capital-labor ratio and, consequently, in the wage-rental
ratio makes exportables contract, while the primary effect
of the higher capital-labor ratio works in the other direc-

tion.

The simulation results in table 7.6 do not indicate that
the Rybczynski effects are strong; there is no significant
correlation between output changes and capital-labor ratios.
The correlation coefficients are expected to be positive for
the late period and negative for the early. As can be seen,

the sign for the early period is instead positive.

Public sector simulation

The share of total factor supplies being used by the non-traded
sector is of importance in the Heckscher-Ohlin model, because
factor proportions between the tradable and the non-traded sec-
tor differ. When the share is changed, so are factor propor-
tions in the tradables sector. If, as was the case in chapter 6,
the non-traded sector is relatively capital intensive and
expands, production of capital intensive goods in the tradables
sector must contract and labor intensive goods expand, cf.
equations (6.41b) and (6.42b).

In contrast to the Heckscher-Ohlin model factor propor-
tions do not differ in the MSG model between the private,
largely tradable sector and the non-traded public sector.
Hence, Rybczynski effects based on factor proportions differ-
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ences as described are eliminated, when the public sector is
made to expand and to command a larger share of labor and

capital.

Also, incentives to substitute capital for labor, or vice
versa, are weak, since factor prices change insignificantly in
this simulation. Therefore, we do not expect any significant

Rybczynski effects.

A look at table 7.6 shows that the correlation between out-
put movements and capital intensity is low and in fact not sig-

nificant, although it is stronger than in all other simulations.

Technieal change simulation

Technical change can affect resource allocation in a number of
different ways, as was demonstrated in chapter 6. The alloca-

tion effects in the Heckscher-Ohlin model depend on whether or
not the technical change is biased and on differences in rates

of change between sectors.

The simulation is a case of Hicks-neutral technical change.
The rates differ considerably between sectors and in a way
which results in a small but significant fall in the wage-rental
ratio. It is this change in relative factor prices which is
one source of possible reallocation in the private sector, cf.
equations (6.41) and (6.42). The expected result is an expan-
sion of exportables and contraction of importables as producers
substitute labor for capital. Another source, a change in the
non-traded sector output, is eliminated here, because public
consumption and production is held constant. The third and
final source is the difference in rates; exportables can there-

fore be expected to grow more rapidly than importables.

The results in table 7.8 again give no conclusive evidence
of the expected changes. The correlation between output changes
and capital intensities is insignificant (although with expected

signs) .
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The tariff simulation

In the Heckscher-Ohlin model tariff reductions influence re-
source allocation via changes in the non-traded output and
factor prices, cf. section 6.8. A reduction in the domestic
price of the labor intensive importable results in a fall of

the relative price of labor (the Stolper-Samuelson effect),

The simulation, which is based on the actual but rather
small tariff reductions, holds practically ncne of the causes
for a reallocation in the private sector. Non-traded output is
e constant and there is no significant change in factor
prices. Consequently, we expect insignificant changes in the
llocation of resources. The correlation coefficients in fable
7.4 between the rank order of output changes and capital in-

tensities are not significant.

7.4.6 Trade

The simulations give two sets of results for trade wnich are
of particular interest. One sct is the changes in aggregate
trade shares, an aspect which received much attention in the
Heckscher-Ohlin model. The other set is the capital inten-

sity of exports and imports, and how it changes over time.

We have assumed, on the bhasis of other evidence (cf.
chapter 3), that exports are more capital intensive than
imports, i.e. that Sweden has a comparative advantage in
capital intensive goods. This assumption is weakly confirmed
by the weighted average capitai-labor ratio of exports and
imports in 1966, but not by the corresponding ratiocs for 1959
and 1974:
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Table 7.7 The weighted average capital-labor ratios of
exports (E. and imports (M)

1966: exports 2.27, imports 1.94

Simulation 1969 1874

E-M =M
Standard 1.94 - 2.03 1.94 - 1,94
Endowment 1.63 - 1.63 1.63 - 1.94
Public sector 1.94 - 2,03 1.94 - 2,03
Technology 2.13 - 2.03 1.94 - 2.03
Tariff 1.94 - 2,03 1.94 - 2.03

in all simulations but one exports and imports are of practi-
cally the same capital intensity. Thus, the results give no

support to the factor proportions explanation of trade.

The explanations for the equal factor proportions in
exports and imports are probably that, first, factor propor-
tions are similar among tradables, and, second, that intra-
industry trade is dominant. Both explanations tend to give

a similar factor content in exports and imports.

Next, we turn to the changes in trade shares:

Table 7.8 Trade shares

Export value/GNP

1566: 0.20
Simulation 1959 1874
Standard 0.17 0.29
Endowment 0.15 0.32
Public sector 0.18 0.27
Technology 0.18 0.30

Tariff 0.17 .30
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The recorded trade share 'increases are, in contrast to the

case in the Hecksther-Ohlin model, not a result of Rybczynski
type reallocations, or due to substitution of labor for capi-
tal. Even the public sector simulation, which is not expected

to yield a higher trade share, does so. The explanation is

found in the exogenous growth of exports and imports. Apparently,

this factor explains most of the trade share increase.

Still, it remains to explain why the factor endowment
simulation gives a higher rate of increase than in the other
simulations. We expect the substantial rise in the capital-
labor ratio to have particularly strong Rybczynski effects.
But to infer that the difference recorded here depends on
such effects is not Jjustified on the basis of the results
in section 7.4.5 above. There, no Rybczynski effects were

shown in the endowment simulation.

7.5 COMMENTS AND CONCLUSIOKS

The simulations show no certain effects of changes in factor
endowments, public consumption, technology, and tariffs on
allocation and trade of the kind obtained in the Heckscher-
Ohlin model. This gives rise to some questions: To what extent
do the differences in results depend on differences between
the models? To what extent do they depend on differences in
empirical content? What conclusions can be drawn about Heck-

scher~0Ohlin theory as a tool for empirical research?

In view of the sizable increase in the economy's capital
stock relative to its labor supply it is somewhat surprising
that capital intensive activities have not expanded more than
labor intensive activities. An important difference between the
comparative statics exercise and the endowment simulation is
that factor prices are kept constant in the Heckscher-Ohlin
model and change in the simulation. The wage-rental ratio rises

and causes substitution of capital for labor. It was shown in



section 7.3 how this tends to raise labor intensive production,
thus neutralizing the Rybczynski effects of the increased
capital-labor ratio. It seems to be the case that most of the
increased capital supply has been absorbed in the way of sub-
stitution in production rather than by reallocation of resources

in the simulation.

The wage-rental ratio moves also in the simulation with
Hicks-neutral technical progress as the exogenous change. Here,
the wage rate falls and sets off substitution of labor for
capital. We expect capital intensive goods to expand in rela-
tion to labor intensive goods. The correlation between rates
of change and capital intensities 1is of expected sign in both

rveriods, but not significant.

The public sector causes Rybczynski output effects in the
Heckscher-0Ohlin model because its capital intensity differs
from that of the tradables sector. Such a difference does not
exist in the simulation model, and, hence, nc reallocation
effects are expected. (The signs of the correlations in
table 7.6 indicate a relative, but insignificant gain for
capital intensive sectors.) Thus, in contrast to the endow-
ment and technology simulations we can explain the results
of the public sector simulation by differences in empirical
content relative to the Heckscher-Chlin model, rather than
by different specifications or tne two models.

Finally, the tariff simulation also produces insignifi-
cant results. A tariff reduction in the Heckscher-Ohlin model
on the labor intensive importable good lowers the wage rate.
The wage~rental ratio is only slightly changed in the simu-
lation. This is expected; tariff cuts are rather small, they
are made in most sectors and capital-labor ratios are similar.
There is no distinct group of labor intensive, importable
sectors. Therefore, there is no cause for reallocation and

the reallocation registered in correlation coefficients is



not significant. The tariff simulation is a second case where
the main reason for different results between the simulation
and the corresponding analysis in the Heckscher-Ohlin model
probably lies in empirical differences (factor intensity
differentials and intra-industry trade) rather than in

model differences.

With no significant Rybczynski effects in resource allo-
cation it is expected that trade changes are not those pre-
dicted by the Heckscher-Ohlin model. But, in addition to this
explanation trade in the simulation model has another charac-
ter than in the Heckscher-Ohlin model, which in itself is a
sufficient explanation. Most sectors have intra-industry
trade, and in many sectors trade is more or less balanced,
i.e. exports are of the same magnitude as imports. In addi-
tion, capital intensities are rather similar. As a result,
we find that the factor content of aggregate exports and
imports is approximately the same in all simulations. In
other words, the factor proportions theory of trade does not
seem to be very relevant in this case. In the Heckscher-Chlin
model all trade is explained by differences in factor propor-

tions.

There is an important qualification to the conclusion
that factor proportions theory explains little of Sweden's
trade during the period under study. The conclusion is based
on the assumption that goods with the same sector classifi-
cation are homogeneous with respect to their factor intensity.
This may be wrong. A disaggregation may show that significant
differences in factor intensity exist within each sector, and
that there is a systematic difference between exported and
imported goods. However, attempts to rescue the factor pro-
portions explanation of trade by loocking at disaggregated
trade flows have not been successful as was pointed out in

chapter 5.
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Apparently, the attempt to gain more knowledge about the
working of a standard MSG-model by using Heckscher-Ohlin
theory as a tool has met with very little success. One impor-
tant reason for the limited usefulness of the theory has been
clear from the outset: the central theorems lose much power
when the number of goods exceed the number of factors. The
simulations have made clear that the small-country assumption
usually made in traditicnal trade analysis is crucial in the
empirical application. When prices on traded goods are endo-
genous and influenced by domestic demand and supply conditions,
other influences on resource allocation than factor proportions
gain impocrtance. Althcugh Rybczynski effects are present, they
are offset or dominated by the effects on allocation of sub-
stitution in preoducticn and by domestic demand. This seens
particularly to be the case in the endowment simulation. Sub-
stitution is a substitute for reallocation as adjustment to
changing factor proportions, and domestic demand serves to

conserve the existing allocation.

Although the kind of mechanisms which are central in tra-
ditional trade models seem to be relatively unimportant empiri-
cally, at least in our case, the simulations give some valuable
indicaticns about economic develcpment in Sweden from 1959
to 1974 (although we must keep in mind that relatively little
effort has been spent to estimate parameters in the model).

Yot surprisingly, the substantial increase in the wage rate
relative to the reward to capital is attributable to a
substantially higher capital-labor ratio. Technical progress
has had the opposite effect on the wage-rental ratio, while
the effects of public sector expansion and tariff reductions
are small and uncertain. No Stolper-Samuelson effect on fac-
tor returns has been detected. The relative cost structure
is mostly affected by technical change. Factor endowrent
changes have less influence on relative costs because factor

intensities are similar. (This similarity is by itself an
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important information given by the simulation model.) Finally,
the results of the simulations indicate that factor accumula-
tion is a more important source of growth in GNP than tech-

nical change.



198

APPENDIX

The appendix gives sources for the values on exogenous variables and
parameters used in the simulations., The order of presentation follows

that of the lists of variables and parameters in section 7.2,

Data on labor supply in terms of man—hours, net investments and current
account surpluses (deficits) are from national accounts statistics, SM N
1975:98 and Appendix 2, 3, and 5.

The capital stock data were imputed in the way described in section 7.2.1.

Physical capital stock data are from SM N 1975:98, Appendix 2,

Disaggregated data on public sector consumption and output were supplied

by the Ministry of Economic Affairs (Ekonomidepartementet),

World market prices on imports and exports were taken from preliminary
estimates of import and export functions at the National Bureau of
Economic Research (Konjunkturinstitutet) and from data supplied by

Lars Bergman.,

The Ministry of Economic Affairs supplied data on indirect tax and tariff
rates for the relevant period and sector classification, More correctly,
the ratios between tariff receipts and import value (exclusive of tariffs)

were taken as tariff rates. They are shown in table 5. 8.

The input-output table for 1966 was supplied by the Ministry of Economic
Affairs.

As distribution parameters oy in the Cobb-Douglas production functions
we simply used the actual functional shares of capital in value-added in

1966, according to the input-output table.

Rates of technical change are those shown in table 3.5, except that the
average level has been raised so that no sector has a negative rate. In
other words, the relative structure is preserved. Also, we have set the

rate in all public sectors equal to zero.
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The rate of depreciation of capital was determined by the ratio between
the value of aggregate depreciation of physical capital according to the
national accounts (SM N 1975:98, Appendix 4) and the aggregate composite

capital stock. The same rate of depreciation applies to all sectors.

In the export and import functions the parameters for residual growth
of exports and imports were obtained from time series data from the
Ministry of Economic Affairs, The rates of change of world trade in the
export functions and the price elasticities in the export and import
functions were in part supplied by Lars Bergman and in part by the Na=-
tional Bureau for Economic Research (unpublished and preliminary esti-

mates).

Finally, a matrix with fixed coefficients converting sectoral outputs
into consumption goods was constructed on the basis of a similar matrix
obtained from Lars Bergman. The marginal propensities in the consumption

functions are from Dahlman and Klevmarken {[1971].
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CHAPTER 8:

THE RYBCZYNSK!I THEOREM IN A MODEL WITH
NON-TRADED GOODS AND INDECOMPOSABLE
INTER-INDUSTRY FLOWS*

By HARRY Fram!

8.1. INTRODUCTION AND SUMMARY

According 1o the Rybezynski [1955] theorem. applied to the standard two-
country. two-good, twe-factor model, an increase in one factor will result in an
absolute rise in the output of the commodity which is relatively intensive in the
increased factor, and to an absolute fall in the output of the other commodity.
The generalization of the theorem by Jones {19657 states that *'if fuctor endow-
ments expand at different rates, the commaodity intensive in the use of the fastest
growing factor expands at a greater rate than cither factor, and the other com-
modity grows (if at alh) at a slower rate than either factor.””  The application of
Jones' version of the theorem to a model with three goads. onc of which is non-
traded, two factors and indecomposable inter-indusiry fows is studied bere.
The introduction of inter-industry flows makes necessary a distinction between
net and gross Rybezynski output effects and aiso between dircct and total factor
intensities of commodities. It is found that u suificient condition for the gencr-
alized Rybczynski theorem. defined in terms of total factor intensities, to hold
for both nct and gross cutputs, net output changes being proportionately greater
than gross changes, is that the net output change of the non-traded good is bounded
by the factor changes. This result is compared with earlier findings and the
meaning of the suflicient condition is discussed in terms of basic demand parame-
ters.

8.2. REVIEW OF THE LITERATURE

Since Bhagwati [1964] pointed to the non-cxistence of intermmediate goods
as a central limitation in pure trade theory much has been done to correct this
defect. It seems that Kemp [1969] in the second edition of his trade theory
textbook was first to examine the Rybczynski theorem in the two-by-two-by-two
trade mode! incorporating inter-industry flows. His conclusion was that the
theorem (and the Stolper-Samuelson theorem) *‘emerge unscathed by the recogni-
tion of intermediate goods.” His proof was faulty, but subsequently Casas

* Manuscript received April 11, 1977: revised July 19, 1978.

! This work was supported by a grant from the Jacob Wallenberg Fund. 1 wish to thank
Soren Blomquist and Harvey Lapan for constructive comments on an carlier version of this paper,
and Jesper Oppelstrup and Rodneyv Falvey for help with proofs. The present version owes a
areat deal to the corrections. and detailed and perceptive suggestions made by an unknown
referce.  Remaining defects are my own,

(661)
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[1972] and others demonstrated that Kemp’s conclusion was right and that,
furthermore, net output movements are magnified by the introduction of inter-
industry flows. Until the contribution by Chang and Mayer {1973] no one had
analyzed the Rybczynski effects on gross outputs in the two-good model.  They
proved that for fixed intermediate input coeflicients (e.g., when prices are kept
constant) net and gross output changes are always qualitatively the same, and that
net changes must be proportionately and absolutely greater than gross changes.
The recognition of Chang and Mayer of separate net and gross Rybezynski output
effects secms quite important. In their words: **...each output concept can
serve for quite distinct purposes; if one wants to examine the impact of an exoge-
nous change in the production pattern of different industries in a given country,
ore should look at the resulting changes in gross vutput. This is espeeially
relevant to the theory of effective tariff protection as well as the theory of technical
change and trade. If, on the other hand, one wants to determine how an exoge-
nous change affects the availability of a given commodity for domestic consunip-
tion and foreign trade, one observes net output changes. This is particularly
relevant to problems in trade and welfare, the balance of wrade, etc.”

Concurrent with the increasing interest in the literature for different kinds of
intermediate goods is the interest for non-traded goods. Seminal examinations
of pure trade theory within the framework of a model with three goods, one of
which is non-traded, and two factors were done by Komiya [19€7] and Ethier
[1972]. Komiya showed, among other things, that the Rybczynski theorem
remains valid, barring inferiority in consumption. Ethier's treatment of the
theorenm is more penetrating and wider in scope than Komiya's in that he allows
both factors to change and to change in the same direction, and investigates under
what conditions Rybezynski's original theorem and generalized versions of it
hold in this case. Ethier's additional results are (i) *“... there exists a number
such that ... the output of that good which is mere intensive o the relatively
increased factor will increase relative to the output of the other traded good.
provided that K<Ff and K <0L or that K>L and K>6L" (K sud L denote
relative changes in capital and labor respectively). (if) “*An increase of K/L will
always increase the output of the capital intensive traded good relative to that of
the labor intensive traded good, and vice-versa, if and only it either the margmal
propensity to consume the non-traded good (m) equals the uveruge propensity
{¢). or the capital intensity of the non-traded good equals the economywide capital
intensity™ {results (i) and (il) are generalizatons of Komiya's thearem. but suill
weaker than a Jones’ generalization since output movements of trudabies need
not bound factor movements). (iii) Jones' generalized theorem holds if K202 L
and the changes in non-traded good consumption and total income are ciose
to zero {by continuity arguments), and (iv) if demand is redefined as per capita
demand and s a function of all prices and per capita income, then Jones' gene-
rahzation holds if 0<m/c< 1/a (a is capital’s distributive share). Results {1)-(ii)
require that 0g<m< 1.

Rav {19727 was first to examine the Rvbezynski theorem in a mode! with bath
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intermediate and non-traded goods. In a model with decomposable inter-industry
flows he demonstrated that (i) Jones’ generalized theorem, defined in terms of
total factor intensities, holds for both net and gross outputs when the non-traded
good is a pure intermediate, (ii) the Komiya result holds for net and gross outputs
when the non-traded good is finally consumed, if the marginal propensity to con-
sume the non-traded good lies between zero and unity, and (iii) the tradable labor
intensive net and gross outputs increase relatively to the tradable capital intensive
net and gross outputs as labor increases relatively to capital, if the marginal and
average propensities to consume the non-traded good are equal (corresponds to
part of Ethier’s result (i) and thus is weaker than Jones’ generalization).

We are going to extend earlier work in two respects. First, we establish a
sufficient condition for the Jones’ generalized Rybczynski theorem to hold in the
three good model which is more general than Ethier’s results (iii) and (iv) above.
Second, the implications for the theorem of complete indecomposable inter-
industry flows are explored.

8. 3. THE MODEL

There are two traded goods, | and 2, and one non-traded good, N. The two
primary factors are capital, K, and labor, L. Each production activity uses both
primary factors and the two other commodities as inputs.? Production functions
exhibit constant returns to scale and diminishing returns to changing factor pro-
portions. We assume perfectly competitive product and factor markets and full
employment of the primary factors. Also, it is assumed that for the price and
factor supply configurations considered all three goods are produced.

From the equilibrium zero profit conditions we have that

(e8] ap W+ agyr + a3 P + ay Py =P,
2) AW+ agar + a Py + agyPy = P,
3) apew + agyr + a\yPy + aynP; = Py

where a,; symbolizes the direct input of primary factor or intermediate good i
per unit of good j, w is the wage rate. r is the rental price of capital, and P, denotes
the price of commodity i.

The prices of the two tradables are assumed to be world market determined.
This leaves us with a system of three equations in three unknowns, w, r and,
Py. Hence, once prices on traded goods are given, then factor returns and the
price of the non-traded good are determined, independently of domestic demand
conditions.

The gross and net full employment conditions are

“4) ApyXy + @paX; + apexy =L

* (wn direct inputs are netted out for convenience.
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5 ANy + dyaXy + apxy = K
and

() dpgye + Ay, = Apery = L
[l

Axivy = Ay + Ay = R

where x; denotes gross and

net output of the respective commodity, and 4,
symboltzes total input of primary fuctor § per unit of net output of good j. The
4;;'s ace gnen from the standard input-output relation

’ 1 -1
, . —a,: Ay
{ Ay Ay A @ d ags 1 .
4 ;: | x —ay, | —a,,
Ay Ay Ay ©a dgs @ /
Kt A2 Ky . dxy K2 Ay “dv, = dys !

The mput coetlicients are functtons of all input prices at the given stawe of
wechnology. e

(8N

oo Pa Py FEEN R NI
(9 iy < dptwor Py Py [ R N
tm TR A TN LA [ r= LKL 2

Cach input coeflicient is homogencous of degree zero in all its arguments since
we have assumed that preduction functions are linear homogencous io all inputs.

The generaltized Rybczynski thcorem is stated in terms of relative rates of
change. Therefore. equations (1)-(7) are converted into?

(LD O 5 O P+ 0y, Py + 04, Py =

il
~»

(L1 O+ O + 0Py + 0,P, -

2

(1) O+ P+ O Py + 0Py = Py

) a &+ 2% F Al = L= Gl + Ay + 2
(3.1 Ity FoAgats A 2 Ny = R = (Ul 2l b e @)

(6.1) Braly 4 Bt 4 Bady = L= (B, + f2 A + iy
(. Baidy + Brals + Bl = K = (B d g + Boades + Bovdga).

Above. a creumtlex (7) denotes relative rate of change. as for instance
wedwiwand Py=dP P. The symbal 0 stands for the direct distributive share

ft shouid be peinted out that the first-order cost minimization conditions have been used in
deriving equations (1.1)-(3, 1), pamcly that
Movdyy Ay G - 0
Aodys v Byl = oD, 2 ey =0

Dunlpy - Axada s R Ui S P ds =0
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of input i in output j; /;; is the proportion of input i used directly in output
Jji B;; denotes the proportion of primary factor supply i used totally in output ;.
As examples, Oy =ay, /P Oy =ay PylPy, 7y =a,,x,/L, and B2 = Axaya/K.

8.4 RYBCZYNSKI OUTPUT EFFECTS

Using the notation introduced above, Jones” gencralized version of the

Rybezynski thearem applied to net as well as gross ouvtputs can be stated as:
fzRzlzh 2Rkzlz8 as K 2K,

where K; denotes total factor intensity: K, =dA,,/d,, and Ky= Ax,/A,,. We
are going to investigate under what condition(s) the generalized theorem still
applies to the tradable outputs | and 2 in the presence of a third. non-traded
good, good N. and indecomposable inter-industry flows,

It should he stressed. before we continue, that factor intensities are defined in
terms of fotal cocfficients.  Much of the earlicy Jiterature of gencralizing the
standard trade theorems to incorporate intermediate inputs is concerned with the

couditions under which direct and total intensities are qualitatuvely equal. It
well known that if the theorems are stated 10 terms of direct mtensities und there
s a third, pure intermediate commodity, then hmiting restrictions need to be
imposed to ensure the standard results, see e.g., Ray. and Batra and Casas [1973].
The reason is that relative direct and total factor intensities need not be qualita-
tively the same in the presence of a third, intermediate good. However, this
aspect of the problem does not interest us here: we only deal with total factor
Iintensities.

First, we turn 10 Rybezynski net output effects and prove the foliowing theo-
rem:

THEOREM L. If. in a model with three finally consumed goods, one of which
is non-traded, and indecomposable inter-industry flows. the fuctor moventents
bound the movement of the net ourput of the non-traded good, i.e., R2 fy2 L.
then net vutput movements of the traduble goods always bound factor move-
ments in such a way that $, 2K2L29, as K, 2K,.

Proow. Using equations (6.1) and (7.1) and the identity Yy= Ty set up the

cquation system

Brv Brr B B K
ﬁl.l ﬂl.Z ﬁl_\’ ,01 = E
00 1 gy Py

and solve for the difference (7, ~ ), making use of Y Be,=tand X, =1 (j=1.
2, V), 10 obtain
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{an BxiBrz ~ PrabL) (0 — 92)
=K = 900 — Buw) + On — DL = Bw)-

The right hand side of the equation is positive or negative as K2 L by the
restrictions K2 9y2L and 0<fy<l(i=K, L). On the left hand side, the
determinant (Bg, 12— Bx2Br) =1 Yol K L)(Ax Apa —~ Ag,Ary) is positive or
negative as K, 2 K;. Ii follows that the sign of (#, — §) is determined for a given
factor change and assumption about relative factor intensities. That net output
movements bound factor movements follows from equations (6.1) and (7.1),
which give factor movements as weighted averages of net output movements, and
from the restriction K2 py2 L.

Thus, it is seen in the net output case that a sufficient condition for Jones'
generalized Rybczynski theorem to hold when a third, non-traded good is added
is a restriction on the marginal propensity of consumption, Rz9zL. Further-
more, the introduction of inter-industry flows makes no difference at all except
requiring that the theorem is stated in terms of total (direct and indirect) factor
requirements.  All this is hardly surprising since what we have done is to ensure
that the three-good model with inter-industry flows has essentially the same
properties as the standard two-good model without inter-industry flows.

Next, we turn to Rybezynski gross output effects:

THEOREM 2. If, in a4 model with three finally consumed goods, one of which
is non-traded, and indecomposable inter-industry flows, the factor movements
bound the movement of the net output of the non-traded good, ie., K2 py2 L.
then gross output movements of the tradable goods always bound factor move-
ments in such a way that 2, 2R2L2 %, as K, 2 K,.

CoROLLARY. [f RZfy2L, then £, 2x,2 %, as K; 2K, i.e, tradable gross
output movements always bound the gross output movement of the non-traded
good.

ProorF. Set up the equation system

K1 ika Axn 21 K
ALt 412 LN £ = L
—2y1 —%n2 INy SN In

where the first two rows are equations (4.1) and (5.1) respectively and the third
row is formed from the input-output identity xy = )y +ay X, +ay,x;. It is easily
shown that —oy, —ay;+ayy=1, where oy, =ay,Xx;/Vy, dy3=0av3Xy/yy, and
ayy=Xy/yy. Thus, all rows in the coefficient matrix sum to unity. Using this
fact the system is solved for the differences (£, —£;), (£, —%y), and (£;—%y) to
obtain

(12) (R — %2) = (R = 9){awn — Aw) + P — D) aww — Aew)
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(13) ARy = 20) = (R = 9)Cp2 + Aw) + Py — D)z + Apw)
(14) P& — 2= (R = P0Gy + any) + On — Dy0g, + o))

where || is the determinant of the coefficient matrix and can be written as

Ug, xy Ak~ M={},2 Nj
4l =TT X,-/_ﬂ Zi dry diz dpy R ={K.L, N}
jem Tier b
P —dxr —any Lo 2g=K, z; =L, zy= yy
trom which it is seen that
l agy agy gy |
! i
signlil = sign*  ay, apy apn .
i —any T dayy L

The sign of the determinant on the right hand side 1s given from the equation
system

Axy Ax: Axx dgy gz Agy b= ayy —agy 7!
Apy Ay Ay = ary i 4y X =y, | — day
0 0 1 —dyy — ayy 1 —ay, = Gy, 1

A4 = B : x {f—aj?

which is the regular input-output relation with a third row added in the total
and primary input coefficient matrices respectively. Taking determinants of the
system we know that det{/—a]"!>0 by the Hawkins-Simon conditions and
signdet A'20 as K, 2K,. Hence, signdet B'=signii!20 as K, 2K,. Going
back to equations (12), (13), and (14) it is clear that the right hand sides are
positive or negative as K2 L. It then follows that for K>1 we have £, 2 %,.
222y, and tyZ %, as K, 2 K,, and conversely for K< L. It is seen that gross
output movements of tradables always bound gross non-traded output move-
ments. From equations (4.1) and (5.1) we have factor movements as weighted
averages of gross output movements. Hence, factor movements are always
bounded by gross output movements of the two tradable goods.

It is intcresting to note that the critical factor intensities tor this result are those
involving the direct plus  indirect-through-the-non-traded-good-only  factor
inputs.*  To sec this, multiply out determinant B’ the sign-determining element
of |4], to get ay a2~ ardxnay2 — AxaGrnaNs + 0 0kNaN) + Ay Gpndys — A1 Ak
Apparently, if one tradable is more capital intensive than the other in direct-and-
indirect-through-the-non-traded-good factor inputs it is so also in terms of total,
direct and indirect, inputs. Primary factor inputs through inputs of the other

* This observation plus the proof of Theorem 3 below is due to Rodney Falvey.
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tradable good cannot reverse the factor intensity ranking. This relation between
the direct-plus-indirect-through-the-non-traded-good factor intensity and the
total factor intensity corresponds to the relation between direct and total factor
intensities 1 the two-good model with indecomposable inter-industry flows;
there, direct and total intensities must be the same: see e.g., Casas.

Ray proved the generalized theorem for gross outputs for the special case of
Vy=0, when mter-industry Hows are decomposable. A proof when flows are
indecomposable s essentially the same us above, replacing the equation in the
third row of the equation system by (—ay N /X308 H{— ax X, /x3)8, + £y =0,

THEOREM 3. if factor movements bound the net output movemenis of the non-
traded gond, i.e., K%’ﬁ%lﬁ then net output movements will bound gross output
moventents so that {22, 28,2 F, as K, 2 K,.

Proor. We have the following input-output identitics:

(13) Yy Xy Ny T NNy
(16) ¥y o= Ny o Uy Ny = Xy
un Vo = Xy o= Uy X| = dy X

Substituting for x, irom equation (17) in equations {15) and (16) yields:
(15.1} yio= {1 = ayan)x, — (@ + dyan)¥y = Qg
(16.2) Vo= = {agy + Gunayy)xy + 1 = agnavadey — dpary

Transformung (15.1) and (16.1) into rates of change gives

(15.2)

3

.

A IVE T TP I 3
(16.2; Fr= - ‘3521-‘:\ + P28 — Gandy

where ¢, >0 forall i, j(i=1,2:j=12 Nyand ¢ —da~dv=1, ~dy + 1
—¢2N=l
Since %, 2§y 2 £, we can derive the inequalities

(15.3; 52— — Pt = &
(16.3) fZ (= + o2 —hr N =8,

Therefore, applying Theorem |, 2 and 3 we have

h2zhzKzihvzlzy 25 as K 2K,

8.5. COMPARISON WITH EARLIER RESULTS
The condition that net output changes of the non-traded good be bounded by
factor changes is sufficient to ensure Jones™ generalized Rybezynski output changes
for both net and gross outputs. Since the generalized Rybczynski theorem is
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about relative changes and their order of magnitude it is natural to find the
sufficient condition to be in this format also. On the other hand, one may find
the condition somewhat meaningless as long as it is not related to basic demand
parameters such as propensities to consume or elasticities. We will conclude by
relating our result to basic parameters, at the same time comparing it with results
of earlier writers.

The condition K Z §y 2 L is equivalent to

Al m 5, L

-i Z ;__ P uiv

where, as before, ¢ and m are average and marginal propensities to consume the
non-traded good respectively, and I denotes relatire change in total income. It
is clarifying to recognize three different cases:

(1) K and L are of the same sign.  Clearly, in this case m is always positive.
and could be greater than unity in value. Ethier (result (ii)) and Ray (result (iii))
showed that if m=c then the intensive factor good will increase relative to the
extensive factor good. Thus, they failed to realize that this condition is sufficient
for a Jones generalized result, not merely a generalization of Komiya’s resuit.’
In fact, the condition m=c gives generalized output effects for all K and L.

(2) Kor Lisequal tozero. This is the case originally explored by Rybczynski
and by Komiya. Here also m is always positive, as seca from the condition above,
and could be greater than unity in value.

(3) R and L are of opposite sign. This case permits m <0 as well as m>{1}.
In particular, it inciudes Ethier’s sufficient condition for fully generalized output
effects, m=0 and I =0 (result (iii)).

It should be pointed out that there exist conditions which suflice 1o give gener-
ulized Komiya effects {corresponding to Ethier’s result (ii) and Ray’s resuit (i)
and which do not fulfill the restriction K2 §,= L. One such condition is Ethier’s,
that the capital intensity of the non-traded good should equal the economy-wide
intensity. However, in this paper thc focus has been on conditions for fully
generalized Rybezynski effects in the threc-good trade model with indecom-
posabic inter-industry flows, for both net and gross outputs. Previously only
two such conditions were known, and for @ model without inter-industry flows,
namely Ethier’s conditions m=0 and [=0, and 0<m< {/a when income and
demand are per capita, both more restrictive than our condition.

Chang and Mayer demonstrated that net output movements are morc pro-

® It is possible to bring out the generalized Rybezynski etfects in Ethier's equations (10).
Using the facts that condition y ~ 1 {(mc=1) implies (a;; —az)i{ayy + ag)=1 and thai the
coeflicients of &, and #; sum to unity equations (10} can be put in determinant solution format:

VSO L Tl Y S PR S U

Ll T h) + (0 — il (2= #0 = b=k
The ratio before (i;— #,) is less than unity in absolute value {/, Sigly—hyd and 1—hgez 1)
and positive or negative as good 2 is more or less capital intensive than good 1; the determinant
shal g hily) can be written [(xxg)/(K L) agsar: —axyars).
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nounced than gross output movements in the two-good model. From Theorem
3 we learn that the restriction K2 _\"\21: ensurcs the same magnification effect
in our three-good model.  The effect is due to the fact that some of the gross
output is used up in the produciion of the two other goods. both of which change

at a higher oc lower rate than the own net output.
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