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This paper investigates two problems'almost neglected in the empirical
analyéié of the factor prcportions theorem. One is the lack of empirical
specification of the factor abundance of countries and the other the choice
of testing only static versions of the theorem. By a stepwise testing
procedure utilising a set of hypotheses differing in orders of superiority
both static and various comparative static versions are tested here. This
procedure also ellows a more thorough testiné of the factor abundance

hypothesis for Sweden as regards bdth which fectors are abundant and the

stability assumption.
The results are similar to those bbtained in some earlier studies in
that factor intensities are found not to_be powerful explanatory variables
of the trade patterns of single years, in this case 1960.and 1973. However,
they are powerful in explaining the changes in trade pattern between the
two yeafs. In consequence, the results genérally irdicate support rather
than rejection of the factor proportions theofy. More specifically, they
afe broadly consistent with the.implications of a comparative static model

involving factor accumulation and, perhaps, biased technological change.
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Since the pathbreaking first attempt to test the factor proportions
theorem by Leontiefl [195%] , the factor propoftions theory'has de-
veloped towards a rather comiplex body of theories. However, its em-—
pirical counterpart does not seem to have reached a comparable ma-
tﬁrity. Recent tests have much the same des{én as Leontief”s ori-

1)

ginal one. Leontief”s own and some other tests of the simple
Heékscher-Ohlin~Samuglson model seem to imply a rejection of the
theory; But the test methodology used may not allow for a rejection
of the H-0-S model.g) In any case the modern factor proportions
theory is still far from being tested ia all its complexity and
much of its basic assumptions are still left to be explored.

The purpose of this paper is to somewhal extend the empirical
testing of the factor proportions theory by trying to analyse for
Swedish enginesering trade two possible shortcomings of earlier

empirical tests. One is emphasized in Bhagwati”s survey article

[196§] in the following way: "... while factor intensities are care-
fully aséertained the factor abundance of the country in question

is usuaily left uninvestigated, except tangéntially and vaguely"
&ikig: p. 27). That the lack of a thourcugh empirical foundation of
the factor abundance of a country constitutes a serious shortcéming
will be demonstrated for Sweden by examining its engineering trade

pattern.

¥) This paper rests on a study of Swedish engineering trade and pro-—
duction to be published by the Industrial Institute for Economic and
Social Research (Ohlsson[?orthcoming]). An outline of the paper was
presented to the trade seminar of the London School of Economics.
Thanks go to H G Johnson, G C Hufbauer and B Carlsson.

1) Perhaps the best exception in this respect is Hufbauer”s [1970/
paper testing certain trade theories. It i1s outstanding in that the
specific hypotheses tested on the trade pattern of different countries
are based on empirical data on national endownments of factors of pro-
duction. :

2) Since studies of the factor content of a country”s exports and
imports are often at best based on assumptions of its factor abundance,

it is difficult to interpret them as tests of the theory. Many of these

studies are often meant to indicate no more than the net indirect flows
of different factors across the border of a given country. ‘
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The second possible shortcoming is the testing of only the
static models of trade theories. This shortcoming may be attributed
to the emphasis in theoretical literature on the factor proportions
theory as a static theory. (cf, for instance Bhegwati /19697 and
Chipman /1966/). The testing of static models relies on anempirical
generalisation thal the economy studied is basically adjusted to a
free trade equilibrium in a given year. However, there are both theoret-
ical and empirical objections to such an assumption. An implication of
fhe simple versions of the theories underlying the tests is that rela-
tgve Tactor prices are equalised in a free trade equilibrium. 1t is
not only obvious that such a factor price egualisation has not in fact
occurred. Even worse, if it had, the factor proportions theorem in
its static version would no longer be valid, as Bhagwati /19727 re-
cently pointed out. A comparative static formulatiocn of the theoren
does not have the latter shortcoming. Alsc it may be assumed Lo per-
form better in explaining trade in the post-war period, which is one
of prolonged trade liberalisation starting from practically a no-
trade-world in 1945. By analysing net only the trade pattern of
1970 but also that of 1960 and its changes between the years it is
possible to test both the static and the comparative static

formulations of the theoren.

1. Hypotheses on the factor abundance of Sweden

A formal test of the factor proportions theorem should as a first

step include an empirical estimate of the factor abundance of Sweden.

In the simplest text-book comparative static version of the H-0-8
model, this factor abundance may be defined either from the relative
factor endowment ratio, assumed to be exogeneously given, or from

its pre-trade relative factor price ratio, assumed to be endogeneously
determined. The factor abundance definition becomes much less self-
evident, if the 2-2-2 model of perfectly tradable products is abandoned.

However, in order to give the factor abundance hypothesis an empirical

1} As pointed out by Chipman /1966/ more than two factors may make the
factor abundance definition in terms of factor intensities too re-
strictive. Whether the country is found to be abundant or not in a ziwver
factor may furthermore depend on which factor is used in the denominator
(see also Metcalfe & Steedman [19737). - As noted by Bhagwati /19697
more than two countries give rise to four different cefirnitions of facto
abundance. Furthermore¢, allowing at the same time for at least three
factors means that there i1s no simple factor abundance definition for
any country. - Introducing non-tradable goods (or in general varying
tradability of goods) means that Tactor abundance can no longer be de-
fined from the factor endcwments of the economies as a whole. Nor can

it be defined from only the tradable goods sector. The domestic demand
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foundation mahy of these difficulties have to be neglected in this
first step of the analysis. Let us instead concentrate the discussion
on how time will affect the factor abundance definition. .

Earlier tests relying on static models seem implicitly to
assume that the economies are adjusted to a free trade equilibrium
for the year analysed. As noted initially thé factor proportions

theorem to be tested is then in many cases in conflict with the

equilibrium assumed. A comparative static model may vindicate the
theorem, albeit in its reformulation in terms of changes in trade
patterns between two equilibrium boints. Three different types of '
exogeneous changes are usually discussed, namely changes in a) frade

impediments, b) relative Tactor supplies and c) the technology of

products. While for each type the Tactor abundance of the country is
well defined in terms of the exogeneously given factor endowments,
this is not always true in terms of initial factor prices. Given the
postulated causality, the relative factor prices in both equilibrium
points may be misleadiﬁg when there has been. a substantial change in
relative factor supplies.

The introduction of time gives, of course, also rise to the
fundamental causality question. Can it at all be assumed that factor
endowments {or factor prices) determine the structure of trade -
and production in an open economy? Are in fact factor endowments
(or prices) more rigid for a small country than the structure of in-
dustrial output and product prices? As demonstrated by Stiglitz (19707
in a dynamic model the initial factor endowments may not be as
important for trade specialisation tendencies over a long period of time
as,for instance, savings functions (cf also Johnson /19717 and
Oniki & Uzawa [/1965/). Recognising time may obviously not only raise

the problem of causality but also whether the factor abundance concept

1) cont. from p. 2: for NTG:s and substitution possibilities between

NTG:s and TG:s will also affect the way in which factor abundance should
ideally be defined. If the TG:s are in part sold to the NTG sector and
if the TG sector buys NTG:s the commodity and factor prices respectively
are possibly distorted. The NTG sector is in many countries a producer
of human skills and has the power to influence capital formation,
redistributing the production ccsts, determining directly or indirect-
ly, the supplies of these factors. This affects the definition of factor
abundance. In addition, the latter role of the NTG sector may bring
about diseguilibria in the factor markets. The factor abundance in

terms of factor endowments mey in extreme cases differ from that de-
fined on the basis of factor prices. In any case it seems questionable
whether factor endowments end/or factor prices should be treated as
exogeneously given in a certain ccuntry.
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should be defined in terms of a disequilibrium condition or even whether
it is at =21} relevant.

An analysis of the basic assumptions of the factor proportions
theorem in the time dimension needs to be done in a stepwise manner.
As indicated in this short summary a reformulation of the factor pro-
portions theorem and/or the factor abundance concept has to be done
in leaving the static framework. Such a stepwise analysis reguires
hypotheses ranked according to different orders of superiority. In
th? present paper the order of superiority was chosen to correspond with
the purpose of analysing how time may be taken into account in testing
the factor abundance of Sweden and the factor proportions theorem.

Throughout the paper two assumptions or hypotheses are therefore

maintained.

I, Due to trade liberalisation in the post world war II period

Sweden”s international specialisation will eventually be determined

1)

by its comparative advantage. 4
IT: Sweden”s comparative advantage is largely determined by its

factor abundance as defined by its relative factor endowment and/or

2)

factor price ratios.

Ignoring in this paper the problems related to many factor -,

3)

many countries and NTG:s the following hypotheses with lower or. =rs

of superiority can be specified for the subsequent testing:

L)

I17T. The factor abundance of Sweden‘has been stable in the long'run.

1)-By assumption hypothesis I rules out theories which advocate the
importance for trade’ specialisation of product innovation;scale eco-
nomies, technological or managerial gaps, R&D, quality differentiation
etc. In Ohlsson /forthcoming/ some of these arguments are directly

or indirectly tested.

2) In Ohlsson lforthcoming7 this hypothesis is also tested

3) In Ohlsson [Forthcoming7 some of the problems with many factors and
NTG:s are tackled in testing the factor proportions theorem.

However, the existence of many countries is neglected almost completely.
L) This hypothesis means obviously that the changes in Swecden”s relative
factor endowments at least match some part of the factor price qqua~
lisation tendency that might come through trade.



Iv. Vis 4 vis the rest of the world and relative to labour as a
whole Sweden is abundantly endowed with a) certain raw materials,
b) physical capital and c) human capital ewbodied in technie: per
and skilléd workers.l)

V. . The factor intensities of the industries are internationally
given throughout the period. The trade impediments existing throughhout
or disappearing during the period have not caused major shifts in trade
specialisation compared with the pattern under free trade.

VI. The Svwedish engineering industry had already in 1970 adjusted

well to its comparative advantage.

The last hypothesis, which is the implicit assumption of earlier
tests of the factor proportions theory, is first put to test using data

- for 1970. S ince more than two factors and goods are admitted here
2

(ef. hypothesis IV Leontief's original test method canmnot be used.

Before presenting the results of the tests, & discussion of how
to test the factor proportions theorem therefore is needed.

4

2. On how to test the factor proportions theorem

Leontief's original study included three steps, the first one

being the simple assumption that the USA was a capital rich country,i.e.
employing a high capital/labour ratio. The second step defined an
exportable and an importable and the third directly compared the factor

intensities of exportables and importables as a test of the factor
proportions theorem.

In a multicqpmodity framework the dichotomous nature of the
dependent variable is lost. Since the size of exports and imports
depends on the demand structure,and since exports and imports are
reported for the same commodity categories, neither the two variables rnc
their absolute difference can be accepted to rank the commodities
according their comparative advantage, i.e. the likelihood for thenm

to appear in the exports of the country.

1) The following major studies have been used for the formulation of this
hypothesis: Carlsson & Ohlsson /[1973/, Hufbauer /19707, Keesing [/1965,19¢
1969 a and %/,0ECD /19707 and Ohlsson /Forthcomingf.

2) A multi commodity framework is justified by the necessity to mini-
mize technological differences within. as compared to between the com-
modity aggregates. There are at least two reasons to leave the two
factor models, the first one being the finding of earlier studies that
human capital and raw materials play important roles in explaining the
structure of trade. Thq second reason is suggested by the theory it-
self. According to the assumptions of the thecry an aggregation of
factor units into one variable is allowed only if all factor units are
perfect substitutes. Even less strict esggregation rules probably make
the proposition of Johnson /19687 to redefine factor concepts into
two factor aggregates a dangerous one from the point of view of testing
the factor proportions theorem.



The allowance for more than two factors destroys both the
theoretical and methodological foundation of Leontief”s third ana-
lytical step. The simultaneous influence of several factor intensities
on the pattern of trade has to be estimated, which calls for the use
of regression analysis or other econometric methods allowing for
several independent variables.

Two alternative approaches have earlier been used, both
explicitly recognising that exports and imports exist for practically
all products and both using regression analysis. Baldwin 9717
used as dependent variable net exports adjusted in a way similar to that
used by Leontief, while Branson & Junz [1972] used an adjusted net
exports. The net exports measure depends, however, also on the demand
for the commodities. In a test of the factor proportions theorem it
should therefore be compllemented with proper independent variables
taking account of the demand side. Alternatively net exports should be
normalized for the demand structure (ef. Carlsson & Ohlsson [1973]).This
latter approach is followed in this paper, which uses as ils dependent
variable net exports divided by the sum of exports and imports, iLe.
(X-M)/(x+M), whereX = exports, fob,and M = imports, cif. Apart from thé
fact that this measure is normalised for the structure of demand, it has
an additional desirable property. It allows not only a classification
of products as exportables and importables according to the sign; it
also includes pure exportebles and pure importables as extreme cases
(+1.0 and -1.0 respectively). This property means that observations
(industries) with net exports ratios near these extreme values will have
a powerful influence in the regressions. Assuming the theory to be
true for perfectly homogeneous commodities it is likely that such
absolutely large net exports ratios will be obtained for relatively
homogeneous subindustries with relatively large or relatively small
values on the relevant factor intensitiesl). However, other dependent

variables were also tried in Ohlsson [forthcoming].

1) A third method is used by Harkness & Kyle [1970] in an unpublished
paper brought to my attention by Hufbauer. Departing from a similar criti-
cism as above of net exports as the dependent variable they arrive at
the conclusion that each observation (subindustry) should be given

the same weight within the exportable and importable groups respectively.
Given the dichotomous dependent variable they reject regression ana-
lysis on statistical grounds and use logit analysis- instead. While

their criticism of net exports is correct, thelr argument that con-
sistency with the theory is maintained by only considering the sign

of the net exports mcasure is not (p. 10). It rests on an earlier state-
ment (p. 9) that "with a multi-factor model vhere there are more goods
than factors, only the direction but not the volume of trade can be pre-
dicted by refereace to relative factor intensities alone." Not even

this can be predicted, but only a ranking of the commodities according



In summary the method used here is regression analysis for estimating
the influence of factor intensities of production on the international
specialisation of the engineering industry as measured by the net

exports ratios ofits subindustries.

3. The engineering trade pattern of 1970

Given hypotheses I-VI in section 1 above the factor proportions
theorem suggests that Sweden should be specialised in goods intensive
in capital, technical personnel and skilled wérkers.l) The hypotheses
to be tested on some 30 subindustries of the Swedish engineering in-
dustry are that the net exports ratio is positively related to these
three factor intensities. Hypothesis I of a Well adjusted engineering

industry can be tested with the explanatory value of the regressions.

cont,1) to their comparative advantage. In a theory with constant factor
supplies, the direction of trade is not determined by comparative advantsg
alone but also by the demand determinants. Consequently, using a dichoto-
mous dependent variable within a multi-factoral framework might in wmfcrtu
~ate cases lead to a rejection of a true hypothesis. If there is a large
foreign demand for goods intensive in one of the abundant factors, some o:
the importables will be intensive in the scarce factors whereas other im-—
- portebles will be found intensive in the remaining abundant factors.

One of the implications of this is that aggregate imports could be more
intensive in the latter sgbundant factors than aggregate exports.

In a two-country model all trade pattern measures suggested in the
empirical literature are dichotomous. In the case with more than two
homogeneous products such measures cannot be used in principle as indi-
ces of comparalive advantage, since these should be continuocus variables.

If, on the other hand, the dichotomous property is avoided by using -
measures including production and/or consumption, such as shares of
the home or total world markets,the theoretical basis for specific
relationships with factor intensities is unclear. In addition they are
far more difficult to obtain, and have for engineering goods proved to
be very sensitive to the varying tradability of prcducts.

Since it is impossible to use potential price differences in a
pre-trade situation as a dependent variable it is doubtful whether
the multi-commodity, multi-factor, two country model can be tested at
all in a strict sense. Therefore, the choice of methodology has to be
made in part on practical grounds. Since in practice exports and imports
exist for all industries the heterogeneity should be considered important
in choosing the dependent variable. It is then unfortunate to choose
a dichotomous variable leading in the Harkness & Kyle case to an
omission of 21 out of T9 industries on the ground that no net trade
occurred in the former and with no indication of the values of the
independent variables for the omitted observations. Also it must be
questionable to abstain from the valuable information within the ex-
portable and importable groups about how variations in factor intensities
related to variations in the trade structure.
1) It was not possible to obtain statistical measures of raw mgter%al ot
tensities. However, this is probably not an important shortcoming in
analysing the speciulisation pattern within the engineering inuustry.



Table 1 presents some regression results. The hypothesis of a positiv
regression coefficient for the skilled worker intensity is the only cne
which cannot be rejected. The current international specialisation of
the Swedish engineering industry is neither positively nor negatively

i)

multiple correlation coefficient suggests that the latter result is

related to the capital and technical personnel intensities. The low
not due to any_dominating influence for the skilled worker intensity.

The hypothesis,'(VI), that the enginecering industry is adjusted to
Sweden's factor abundande in 1970 has to be rejected. The static formulati
of!the factor proportions theorem may consequently be rejected. The
hypotheses that Sweden has allong run aﬁd stable (III) abundance in capit
aﬁd technical personnel (IV)-need not to be ;éjected. It 1is possible

that the earlier strong trade impediments or changes in the ranking

of factor intensities between subindustries have led to an incomplete
adjustment to comparative advantagé. Substantial changes in technologies
or tariffs may also explain a slow adjustment. In the following section,
the hypothesis (V), that tariffs and/or Farbor intensity reversals

over time might explain the pattern of changes in trade specialisation.
is tested under the assumption that hypotheses 1-IV are true. If

this hypothesis cannot be rejected the next step would be to test this

pattern against factor intensities and their changes.

1) These results were reaffirmed by tests with alternatively f?rm?la~_
ted independent variebles, tests on the intra-subindustry spec%a115a§1cn
patterns and tests where the simultaneous influence of factor intensi-
ties and tariffs were studied.
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mable 1. Some regressions on determinints of trode specialisation in the

Swedish engineering industiry in 1070

Regression coefficients

 (with sterdard deviation) of Re
Regres-— Depen-— ) : Pusin) s
sion dent : (degrees
no variable Constant  C/L 'LT/I’, LY/LA of freedom)
1 % : .021 .008 .005 .17k
(.019) ' (1;32)
o " : .16 130 .009 .281
(.812) - (1332)
3% . =,187 579%) .132 b 413>
(.276) (1;29)
Iy* " -.13} .003 -.129 .590° .13k -392
, (.021) (.923) (.312) (3;27)
; ‘ )

a)= significant at the 2.5 % level

'b ) = 1" n " 5 n n
*The number of observations here “18. 31, i,e. three less than in regressions 1 and 2
This is due to that the datz on skilled voxlorb is only reported down to the >-dijzit

level of the Swedish industrisl classification system (SNI).
X-H

. net cxporuQ rat1o, where X denctes Swedish exports, fob, and M Swedish jmporis,
X+M cif w

C/L = a measure of the physicsal capitzal intensity, vhere C is neasured by the capacit;

. e, of motive power (in horsepcwer) and L number of employees

LT/L = the ratio of technical personnel to total employment (bhth measured in physical
numbers )

LY/LA = the ratio of skilled workers to total number of employed workers (measured in
hours of work ).

) 1
Sources:

S80S (Official Statistics of Sweden published by the National Central Bureau
of Statistics): Utrikeshandel part 2, 1970 and 1971, and Industripart 1, 1970. Data on
hours of work for skilled workers and cther workers were calculated from the wage
statistics collected jointly by Sveriges Verkstadsférening and Svenska Metallindustri-
arbetaref8rbundet for 1972, Lth quarter. For a few of the subindustries the net exports
ratio hes been constructed on data for both 1970 and 1971, because of the occasional
nature of deliveries of very large products or systems of products.
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b, Changes in the pattern of trade specislisation between 1960

and 1970

Given hypotheses I-IV the results obtained in the preceeding section
might in the simplest case be attributed to incomplete

adjustment in 1970, at least in some subindustries. Then

the pattern of changes would eventually bring about full. adjustment -
to the factor abundance situation stated in hypothesis IV for Sweden.
In order to investigate this possibility the pattern of changes in
Sweden”s trade specialisation from 1960 to 1970 can be analysed against
the initial trade specialisation. In the simplest case, the liber-
alisation of trade should be expected to cause the net export
ratios to cluster successively closer to its formal boundaries. In
other words the lessenihg of price distortions would mean that pro-
ducts would tend to become pure exportables (net export

ratio = +1.0) or pure importables (net export ratio = -1.0). Nor-
mallyl) there would be a tendency for subindustries with positive

net export ratios to increase their ratios and for those with negative
ones to decrease them. Such a conclusion of a positive relationship
‘between the changes in and the initial values of net export ratios
presumes, however, that neither tariffs, nor technblogy changes, scale
economies, technology gaps etc have shifted the specialisation pattern
for individual subindustries. These latter causes of changes in specia-
lisation may yield extreme observations disturbing or eliminating the

expected positive relationship.

1) It is unlikely that the imposed tariffs have made impofﬁébles out

of otherwise exportable products and vice versa. The following simple
correlation matrix for the cross-section of subindustries supports such
a conclusion:

\ ¢/L  Ly/L L /L,

\
\

Nominal import teriff 1960 =35 .38 -.20

Change in nominal import »
tariff 1960-T0 »16  -.19 -.05

There is a significant negative correlation (at the 5% level) between
tariffs and the 1970 capital intensity, which according to Lundberg/
forthcoming/ and Carlsson & Ohlsson j1973] holds also for Swedish in-
dustry as a whole and regardless of whether tariffs are measured in
nominal or effective terms. Also there is a significant positive
correlation between tariffs in 1960 and the technical personnel in-
tensity. The fact that the tariff changes are not very highly correlated
with either the factor intensities or the tariff structures of 1960 (the
latter correlation is -.45), can be attributed to the car industry.
Starting from almost the highest nominal tariff in 1960 (1k.5%) it had
almost the lowest decrease during the decade., The explanation to this

is in part that EFTA affected only the Brittish car industry, which has
not substantially increesed its market share or share of Swedish imports.
In addition the Kennedy round did not much affect the tariffs for cars.



In Figure 1 the relationship between the changes in the

net export ratio from 1960 to 1970 and the net export ratios of 1960
is presented. The nypothesis of a positive relationship has to Dbe
rejected but not on the ground of either extreme observations or the lac
of a relationship at all. Instead a significant negative relationship
is obtained, the sign of which excludes tariff changes in general as a
main explanatory variable. The fact that the relationship is systematic
'precludeé the possibility that it can be explained by peculiarities in
changes of tariffs or technology. Furthermore, the relationship is incon
sistent with the hypothesis of a long run stability in Swéden’s factor
abundance (hypothesis III above). But since the slope of the regression
line is less than —1.0 the results may alternatively indicate either an
evening out or a shifting tendency in the Swedish specialisation at

the subindustry level.l) The former interpretation relies on the Buren-
stam Linder or other intra-industry trade theories (see Grubel /[1970/,
Gray /[1973/ or Hufbauer [19T70/).The same result interpreted instead

as a tendency to a shift or reversal ofithe pattern of specialisation
may be consistent with the factor proportions theory. A discrjmination
_between these two explanations cannot be obtained by simply

extending the period. Instead such a discrimination is strived at

by proceeding along the lines suggested in hypotheses I-V above.

Hypothesis V states among other things irreversible factor- in-

tensities over time. This hypothesis cannot as a whole be tested for
the subindustries analysed here because of the absence of published
data in years earlier than 1967. However, it is in part testable as

is shown in the following section.

5 Testing for major factor intensity reversals over time

The irreversibility assumption may in part be tested by utilising data
for a somewhat qifferent cross—section of 33 sﬁbindustries of the en-

gineering industry and for the period 1959-1968 as regards the capital

"1) Tt is interesting to note that almost exactly the same negative
slope was obtained for a subsector of the engineering industry,
namely the fabricated metal product industry, both at the subindustry
and commodity group levels in 1960-1969 (cf Ohlsson /19T74/).



and technical personnel intensities (from Du Rietz /Torthcoming/ )

The test is a rather simple one relying on the same assumptions as those
underlying the above used model of resource reallocation due

to trade léberalisation.Specifically, the linear homogeneous production
functions assumed to hold for each product are also assumed to remain
unchanged over time. Changes in factor intensities are caused only by the
endogeneously determined changes in factor price relations, thus leaving
the factor intenéity ranking unchanged. A normalisation for this general
change in factor intensities can then be done simply. by dividing each fact
inténsity of the given subindustry and year with that of the engineering
indﬁstry as a whole. A stable ranking would then mean that, in a figure
shdwing the relaﬁip?ship bgtweén the 1968 and 71959 factor intensity
indices, all observations would lie on a positively sioped 45° 1ine
through the origin. The test of the strict hypothesis that the factor
intensity ranking is perfectly stable could then be designed as a test of
whether an estimated least square regression line for the 33 observations
differs from this postulated 45° line. Asbuming the usual normelity pro-
perties of the distributions, the following F-distributed ratio could be

used in & significance test

)

2

vhere Z(y~x)20 5 = residual sum of squares of a regression line
3
with intercept postulated to be 0.0 and slope 1.0

Ze2 = residual sum of squares of the estimated least square

regression line

=}
I

degrees of freedom of the postulated regression line,

'n2 = degrees of freedom of the estimeted least square
regression line.

Figufes 2 and 3 show the respective relationships for the capital
and technical personnel intensities respectively. The F-values of the
above formula is estimated to .84 and 27.79 respectively. At the
5 % level F(2;30) = 3.32. Consequently the stability hypothesis cannot
be rejected for the capital intensity whereas it should be for the technic
al personnel intensity. However, even in the latter case there are no

major changes in the factor intensity ranking. Instead the rejection

of the hypothesis can be attributed to the fact that relatively technical




Figure 1. The relation between changes in the net export

ratios 1960-70 and

the net export

ratio in 1960 in 34 engineering subindustries

Regression:

y = 3,7 - 0,380x
(0,103)

1589 23ne

Change in net exports

ratio, %
50
e

R® = 0,207
F(1;32) = 13,513

Net exports

i [ i ] H i
-80 70 =G0 50 -L0 -30

-20

-10 -

l. ratic 1960,%
GO

Sources: 80S (Official Statistics of Sweden published by the National Central
Bureau of Statistics). Handel del I, 1960 and 1961 and Utrikeshandel del 2,

1970 and 1971.
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 Figure 2. The relatibnship between Capitai-inténsities of 1968 (= y) and

1959 (= x) in a cross-section of 33 engincering subindustries.

Index = 100 for the cngineering industiy as a whoie in 1963 and 1959
respectively
‘”iﬁééiﬁgf horsepover/
employee 1968
M
300 |- /
250 |
4
200 |-
- 150 =
100 |
50 poca -
0 ] 1 t | 1 | S
50 100 150 200 “250 300
: . . Index
Regression line . “of hors:
Yy =6,2 + 0,978 x R = 0,813 ' © pover/
(0,076) P(13;31) = 166,337 employ:
' 1950
Note:

Th(? came -t i~ .
~allc est he s bee mad » o = Sk s i @
emp]_oyoe with Fhe o £ 2en ade for the C&pl‘(.a] 1intenait Yy measure electrici ty u 55‘/

Very strong re) ¢ same outcome. In the cross-section of 34 subindustries there is w
R i Of&ﬁltld“1onshlp between the two alternative capital intensity measures. The
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VHFigﬁr 3., The relationship belween technical persomnel intensities of 1968 (= y)

and 1959 (= x) in a cross-section of 23 engineering subindustries.

Index = 100 for the engineering industry as a whole in 1968 and 1959

respectively
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personnel extensive subindustries in 1960 have tended to increase

their intensity more than average and vice versa for technical personnel
-nsive ones in 1500. Apparentily, lLhe eariier assumption of no technic-
al change has to be rejected. The genecral increase in the technical
personnel intensities, averaging 25 %, was accompanied by a biased
technical change, which in the Johnson /1963/ terminology appears to

be characterized by an intensive-factor-saving change in the technical
personnel extensive subindustries and/or an intensive-factor-saving
change in the technical personnel intensive ones.

Suppose thal Sweden was abundantly supplied with technical
personnel, that the bias in technolégical change was exogeneously
determined and that Sweden being a small coundkry could not affect
its commodity price structure. Then a biased technological change of
the kind indicated above suggests an import-biased growth in the sense
that imports of earlier importables should decline relative to exports
of earlier exportables but nol as much as to lead to a reversal of
trade direction.l) Such a relationship was found in figure 1 above, but
so far the abundance hypothesis is contradicted for technical personnel
by the results of table 1. If instead Sweden is scarcelj supplied
with technical personnel then the result should be interpreted to imply
an export-biased growlh similar to the growth pattern suggested by
the Rybczynski theorem in the case of accumulation of the abundantly
supplied factor.

In order to arrive at more decisive conclusions we have to reach
more clearcut results about Sweden”s true factor abundance. Since the
results of figures 2'and 3 do indicate a major stability of the factor

intensity rankings, it is possibie to test the factor abundance

hypotheses by regressing the changes in the specialisation pattern

of the 1960”s on the earlier used factor intensities of 1970.

1) Unless, of course, this bias continued to prevail for a sufficiently
long  time period.



6. Is there a factor proportions explanation to the changing

specialisation pattern?

While table 1 ruled out the possibility that the static formulation of
the Tactor proportions theorem vas a powerful explanation of the 1970
specialisation, figure 1 illustrating changes in the specialisation
pattern constituted a contradiction either to the factor proportions
theory in general or to the hypothesis of a long-run stability in
Sweden”s Tactor abundance.l) Here the latter alternative is tested
by-regressing the change in the net export ratio on the 1970 inten-
sit;es of capital, technical personnel and skilled workers. The

basic assumption behind this‘ﬁest is that Sweden”s factor abundance

may have been misspecified in terms of its sﬁgbility (hypothesis III)

but not in terms of which factor intensities should be included in the
analysis. Since there is no way of estimating directly the specific nature
of the change in Sweden's factor abundance, hypothesis IV of Sweden

being abundantly supplied in the 19607s gith capital, technical

personnel and skilled workers,is tempcrarily maintained but now

subject to testing. In consequence, this factor abundance nust at least
in part be assumed to have been gained (instantancously) in 1960

or during the 1960”s. The implication is, of course, that the pattern

of specialisation in 1960 is adversely related to at least one factor
intensity as compared to same relationship for the trends in specialisatic

between 1960 and 1970, Specifically, the following three hypotheses are
to be tested:

-

A. The capital intensity hypotheses. 1. Between 1960 and 1970

there was an increased Swedish specialisation in capital intensive sub-

industries. 2. In contrast, this specialisation was cepital extensive

initially.

B. The technical personnel intensity hypotheses. 1. Between 1960
and 1970 there was an increased Swedish specialisationin teéhnical
personnel intensive subindustries. 2. In contrast, this specialisation
vas technical personnel extensive initially.

C. The skilled worker intensity hypotheses. 1. Between 1960 and

1970 there was an increased Swedish specialisation in skilled worker in-
tensive subindustries. 2. In contrast, this specialisation was skilled

vorker extensive.

PR e i ‘ %

1) For simplicity we are here among other things neglecting the fact that
the biased technical change in figure 3 may in some cases explain the re-
lationship observed in figure 1.
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In order to test these hypofheses the two different patterns
of specialisation were regressed on each factor intensity, separately
as well as in simultaneously. In addition the 1960 net exports ratio
was tried as an independent variable in regressions on the change in
the net exports ratio between 1960 and 1970 in order to investigate
whether and how this inclusion affected the regression coefficients
for the factor intensities.l)

Table 2 presents the regression results. The rather high and sig-
nificant explana%ory values of most regressions on the change in the spe-
cialisation pattern makes it reasonable to conclude that there is
a factor proportions exPlanationfor this change. As much as around
40 percent of the change is in this way éxplained by the theorem.2
It seems fair to conclude that the adjustment{brocess in Swedish trade
during the 1960”s is consistent with one or another version of the
factor proportions theorem.

It is also obvious from table 2 that the negative relation-
ship of figure 1 should be interpreted as part of a reversal of Sweden’s
pattern of engineering specialisation. The outcome of the tests of
hypotheses A, B and C gives evidence on this point.

Ilypothesis A can be rejected as a whole. Instead of a positive
relationship between the change in the net cxports ratio and the capital
intensity (hypothesis Al) a significant negative one is obtained.

Also, instead of the expected negative relationship with the initiai
net exports ratio a positive one is received. Obviously the three
patterns of specialisation studied in tables 1 and 2 are consistent
with a hypothesis that Sweden was earlier abundantly supplied with
capital visavis labour but has lost this abundance around 1960 or during
the following decade. It is impossible to judge whether this change has
meant nothing more than a lost advantage or even developed to become

a comparative disadvantage in capital intensive products since the period
does not cover the whole adjustment procesc.

1) There may, of course, be other reasons for ineluding the net export
ratio of 1960 as an independent variable for instance trying for other
functional forms of the relationship, avoiding too much influencg for
initially extreme ratios which are bounded to move in one_directlon only
end testing for other explanations behind the initial ratios than factor
proportions ones.

2) If two morg independent variables are included as in Ohlsson /[forth-
coming/ the R-ccefficient increases to more than 60 %. One of the
variables, the change in nominal tariff rates, receives a highly signil-
ficant positive coefficient. The other one, the percentage change 1n
domestiic consumption used in a test of either a Burenstam Linder-type

or a product life cycle type basis for Sweden”s comparative advantege,
receives a significant negative coefficient. The latter result may be
interpreted as a rejection of these two demand oriented approaches to
eXplaining Sweden”s comparative advantage since all a priori information
points at a positive relationship.
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significant at the 2.5 % level
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Legend complementing that of table 1:

A(3—) = change in net exports ratio 1960-T0

X-M

(=), = net exports ratio in 1960
X+M’60

Scurces: cf table 1 and figure 1.
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Hypothesis Bl cannot be rejected since the regression coefficients
obtained for the technical personnel intensity in regression 4 and 6
are significant. This conclusion can be drawn in spite of the insig-
nificant regression coefficients of regressions 10 and 12. The exclusion
of either the technical personnel or the skilled worker intensities in
regression 10 turns the coefficient of the remaining intensity into
significance. The following correlation matrix between the independent
variables shows that this is due to the high positive correlation be-

{ween the technical personnel and skilled worker intensities:

1 .2 3 b
1. C/L . 1.00 -
2. Ly/L = Py 1.00
3 LY/L ;10 .36 1.00
L. (X-M)/(X+M) 27 -.16 15 1.00

A comparison between regressions 1 ,and 10 shows that the inclusien
of both almost doubles the explanatory value but decreases the F-value.
In addition, the inclusion in regression 10 of a variable measuring
changes in tariff rates of Swedish importsl) makes the regression
coefficient for the technical personnel intensity significant and

increases the significance also for the capital intensity coefficient.

‘While 1t séoms s;fé ﬂ;£“£o reject hypothesis B.l, hypothesis B.2
of a negative relationship between the 1960 net exports ratio and the
technical personnel intensity has to be rejected. A comparison of the
speéialisation patte;ns of 1960, 1970 and 1960-70 seems to suggest
that Sweden might have obtained an abundance in technical personnel in
the 1960”s but too late or too small to have had a major impact on the
1970 pattern. x ;
Hypothesis C.1 cannot be rejected. There is a significant positive
relationship between specialisation trends and the skilled worker
Iintensity. In contrast, hypothesis C.2 of a negative impact on the
1960 pattern of specialisation has to be rejected since there is no
significant relationship at all in regression 8. The conclusion regarding
the abundance in skilled workers is that Sveden has been zbundant in
skilled workers after 1960 and strongly enough to make the engineering in-
dustry specialised accordingly in 1970.

———

1) Cf.also footnote 2 page 18.



In summary , the resulis are consistent with alcémﬁérative static
factor proportions theorem with factor accumulation. They allow a
partial rejection of the initially formulated factor abundance hypo-
thesis {uypolhesis IV) as well as a complete rejection of the hypo-
thesis of a long run abundance stability (hypothesis I1I). The
results are those expected according to the Rybezynski theorem if
gweden has had an internationally strong accumulation of technical

personnel and skilled workers relative to capital and other labour.

T. Further comments on the biased technical change

The more clearcut conclusions about Sweden”s factor abundance makes it
possible to discuss the biased technical.change in terms of the technical
pefsonnel intensity of sectioﬁ_S. Two major é;oblems may be discussed,
the first one being whether the bias was exogeneously or endogeneousl
determined. The second problem is whether and how the bias affected the
nature and speed of the adjustment‘process.

In section 5 above the technologica} bias was assumed to be
exogeneous. However, a change in comparative advantage of the kind
derived here gives the following adjustment incentives for firms with

an earlier strong but worsened comparative advantage position:

1., to cﬁaﬁgé the produci.mix in crder to comply better wifh Sweden”s

new comparative advantage,

2. to alter the productlion methods of a given product mix to obtain

the same thing,

3. to rationalise production methods and thus increase the over-all

efficiency. i
All three adjustments require a relatively large increase in the

output of technical personnel. The first type is the one suggested by the

factor proportions theory if the possibility of developing new products

is disregarded. The second type of adjustment is successful only if

major factor inteﬂsity reversals are obtained and this possibility

was contradicted by the results of section 5. Thé thira type of ad-
Justment is insufficient in the long run in the factor proportions
theory. All three adjustments mey, however, require more technical
bersonnel per employee. In conseguence, the tendency of a more than
average increase in the technical personnel intensity of technical

prersonnel extensive subindustries may well be endogenecusly determined
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and thus be part of the adjustment process. Such a conclusion is
more likely since the production factor discussed is itself an in-
strument- for facilitating adjustments.

Having concluded that the bias in changing technical personnel
intensities is more likely to be endogeneously than exogeneously de-
termined, it is time to discuss its impacts on the nature and speed
of the adJusiment process. An exogeneously determined similar bias

would have worked against the effects of the new comparative advantage

in technical personnel intensive products. Iowever, given that the

tendency was weak it would only have slowed down the readjustment
necessary in the long run. ;

|

If the technological bias ves endogeneéﬁsly determined, it would

be even more likely that this bias could at most slow down, not alter
the otherwise required readjustment. But if instead the excess increase
in technical personnel (per employée) was largely an investment in type
1 changes, i.e. in product mix changes, it may alternatively have

speeded up the adjustment process. Conseéuently, a firm conclusion cannot
without further information be reached on how such a bias may have

affected the nature and speed of this process.

8. Summary and Conclusions

This paper investigates two problems almost neglected in the empirical
analysis of the factor proportions theérem. One is the lack of empirical
specification of the factor abundance of countries and the other the
choice of testing only static versions of the theorem. By a stepwise
testing procedure utilising a set of hypotheses differing in orders of

superiority both static and various - comparative static versions are -

tested here. This procedure also allows a more thorough festing
of the sTGHER abuydanc@ hypothesis for Sweden as regards both which
factorEiie abundant and the stability assumption. -

The results derived for the Swedish pattern of engineering
specialisation indicate that static models of the factor proportions
theory 40 0¥ explain much of the patterns prevailing in 1960 and

1970. In contrast, & Comparative static model allowing for reversals
of COmParatlve advantage over time geems to be successful in explaining

the trends 1n;t ade SPQClallsatlon between the two years. The weak factor

these years might then be attributed to

the adaustmcnt_p 1od_he1ng 80 long that the observed decade covered

S PE?lod Such an interpretation is supported by a
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negative relationship between the changes in the specialisation
measure and its initial values, the slope of which showed that a

general reversal in specialisation had not occurred within the period.

Consequently, for the purpose of model building this paper is
encouraging for the modern factor proportions theory. This conclusion
can be drawn although, like many earlier tests, it does not support
the empirical generalisation of a well adjusted economy in a given
year necessary in testing the static models of this theory. The results
are, as Tar as the factor propértions theorem is concerned, broadly
consistent with the implications of a comparative static model with
factor accumulation and perhaps also a biased~technologlcal change.
However, it neglects two fundamental .empirical problems of
such models, the first one being whether a country”s factor abundance
actually explains its international specialisstion,or whether the direc
of causality is the opposite. IT the former is the case, a second
fundamental problem is to assess whether a factor abundance of a
country is determined by its factor endowments or its factor prices.
Both probleﬁs apparently raise the question whether a comparative stati
framework really is sufficient or whether a dynamic one is necessary
(c¢f. Ohlsson /[Torthcoming/).

One of the major policy conclusions of this paper is that alter
the specialisation pattern of an economy with a very large foreign trad
sector réquires a fairly long adjustment period. Another- policy
conclusion is that the comparative advantage of a country is undergoing
changes. IT these twoe conclusions hold for other and larger
countries, it may greatly enhance the possibilities of explaining
international a@justment problems connected with, for instance,

persistent balance of payment difficulties and the time and industry

pattern of foreign direct investments.
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