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This paper investigates two problems almost neglected in the empirical 

analysis of the factor preportions theorem. One is tbe lack of empirical 

specification of the factor abunda.nce · of ccmntries and the other the choice 

of testing only static versions of the theorem. By a stepwise testing 

procedure ut:ilising a set of hypoU1eses differing in orG.ers of superlor1ty 

both static and various comparative static versions are tested here. This 

procedure also allovs a more thorough testing of the factor abundancc 

hypothesis for S1<eden as retsards both 1<hich fer::tors are abundant and the 

stability assumption. 

The results are similar to those obtained in some earlier f:tudies in 

that factor intensities are found not to be pm<erful explanatory varir.bles 

of the trade patterns of single years, in this case 1960 and 1970. However, 

they are povrerful in explaining the changes in trade patter:1 between the 

two years. In consequence, the resul t s generally indicate sUJ'I)ort ratr~er 

than rejection of the factor proportions theory. More specificalJy, they 

are broadly consistent vT:i.th the implications of a comparative static model 

invalving factor accumulation and, perhaps, biased technological change. 
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FAC'l'OR ABUl<DANQL TRADE SPECIALISATION AND LAGS IN ADJUSTMENT 

by Lennart Ohlsson 

The Industrial Institute for Economic and Social Research 

Since the pathbreaking first attempt to t est the factor proportions 

theorem by Leontief [19511] , the factor proportions theory has de­

veloped tovards a rather camplex body of theories. However, i ts em­

pir:i.cal counterpart does not seem to have reached a comparable ma­

turity. Recent t ests have much the same design as Leontief-'s ori-
. l l) L . _, g1na one. eont1ef s own and some other tests of the simple 

Heckscher-Ohlin-Samuelson 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. 2 ) In any case the modern factor proportions 
• 

theory is still far from being tested in all its camplexity and 

much of its basic assumptions are still left to be explored. 

'l'he purpose of this paper is to samewhat exte'nd the empirical 

testing of the factor proportions theory by try{ng to analyse for 

Swedish engineering trade two possible shortcomings of earlier 

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

[1969] :in the folioving way: " ... while factor intensities are care­

fully ascertained the factor abundance of the country in question 

is usually l eft uninvestigated, except tangentially arrd vaguely" 

(ibid. p. 27). That the lack of a thourough empirical foundation of 

the factor abundance of a country constitutes a serious shortcoming 

will be demonstrated for Sweden by examining its engineering trade 

pattern. 

*) This paper rests on a study of Swedish engineering trade and pro­
ductian to be published by the Industrial Institute for Economic and 
Social Research (Ohlsson[forthcoming}). An outline of the paper was 
presented to the trade seminar of the London School of Economics. 
Thanks go to H G Johnson, G ~ Hufbauer and B Carlsson. 

l) Perhaps the best exception in this respect is Hufbauer-'s [1970] 
paper testing certain trade theories. Jt is outstanding in that the 
specific hypotheses tested on the trade pattern of different cou:1tries 
are based on empirical data on national endowments 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 . abuncla!1ce , 
it is difficult to interpret them as tests of the theo~y. Many of thcse 
studies are often meant to indicate no more than the net indirect flows 
of differ~nt factors across the border of a given country. 
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The seeond possible shortcoming is the testing of only the 

static models of trade tl1eories. 'l'!1is shortcoming may be attributed 

to the emphasis in theoretical literature on the factor prorJortions 

theory as a static theory. ( Cf. for instaY"Jce Bhagvati [1969.7 and 

Chipman !1966]). 'l'he testing of static models relies on an empiri c al 

generalisation that the economy stuelied is basically adjusteä to a 

free trade eq_uilibrium in a given year. Hmrever, there are both theoret­

ical and empirical objections to such an asslirnption. An implication of 

the simple versions of the theories underlying the tests is that rela-
/ 

tive factor prices are eq_ualised in a free trade eq_uilibrium. It 1s 

not only obvious that such a factor price e1ualisation has not in fact 

occurred. Even worse, if it bad, the factor proportions theorem 1n 

its static version would no longer be valid, as Bhagwati /197~7 re­

cently pointed out. A comparative static formulatian of the theorem 

does not have the latter shortcoming. Also it may be assumed to per­

form better in explaining trade in the opost->·rar period, vlhich 1s one 

of prolonged trade liberalisation starting from practically a no­

trade-world in 1945. By analysing not only the trade pattern of 

1970 but also that of 1960 and its changes between the years it 1s 

possible to test both the static and the comparative static 

formulatians of the theorem. 

l. fu.EQ.theses on the factor abundance of s-vreden 

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-S 

medel, this factor abundance may be defined either from the relative 

factor endo~~lent ratio, assumed to be exogeneausly given, or from 

its pre-trade relative factor price ratio, assuined to be endogeneausly 

determined. 'l'he factor abundance definit i on becomes much less self­

evident, if the 2-2-2 model of perfectly tradable products is abandoned. 

Hmvever, 1n order to give the factor abundance hypothesis an empirical 

l) As point ed out by Chip1:1an D966] !!:!_?re than tvw factors rnay make the 
factor abundance definition in te1~as of factor intensities too re­
strictive. \vnether the country is found to be abundant or not in a gi,•r::r 
factor may furthermore depend on vrbich factor is used in the denominato>: 
(see al so Mete al fe & Steedman [J-913]). - As not ed. by Bhag\·tati Ll969.7 
~ore than two countries give rise to four different Cefinitions of fa2to 
abundance. Furthermort::, alloHing at the same time for at lea.st three 
factors means that there is no simple factor abundance definition for 
any country. - Introducinc _non-tra_~_C(ble good~ (or ic general varying 
tradabili ty 01~ goods) mcans that factor abundancc c~m no longer be de­
:!'ined from the factor endm·nnents of the economics as a vhole. Nor can 
it be defined from only the tradable goods sector. The domestic demand 
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foundation many of these difficulties have to be neglectcd in this 

first step of the analysis. Let us instead concentrate the discussion 

on hov time vill affect the factor abundance definition. 

Earlier tests relying on static models seem implicitly to 

assume that the eecnornies are adjusted to a free trade equilibri~~ 

for the year analysed. As noted ini tia.lly the factor proportions 

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

equilibrimn assumed. A comparative static medel may vindicate the 

theorem, albeit in its reformulation in terms of changes in trade 

patterns betveen t1w equilibrium points. Three different types of 

exogeneous changes are usually d:i.scussed, nrunt::ly changes in a) trade 

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

products. While for each type the factor abundance of the country 1s 

well defined in terms of the exogeneausly given fa.ctor enclm·nnents, 

this is not always true in terms of initial factor priees. Given the 

postulated causali ty, the rel~tivc factor priees in both equilibriWll 

points may be misleading when there has been. a substant:i.al ehange in 

relative factor supplies. 

The introduction of time gives, of course, also r1se to the 

fundamental eausality question. Can it at all be a.ssmned tha.t fa.etor 

endowrnents (or fa.etor prices) determine the structure of trade 

and productian in an open economy? Are in fact fa.ctor endowments 

(or prices) more rigid for a small country tha.n the structure of ln­

dustria.l output and procluct prices? As demonstra.ted by Stigli t z !1910] 

in a. elynarnie rnadel the initial faetor endowments may not be as 

important for trade specialisation tenclencies over a long period of timE 

as,for instance, savings functions (cf also Johnson Ll97J] and 

Oniki & Uzm1a [1965]). Recognising time may o'Qviously not only raise 

the problem of eausality but also whether the factor abundance concept 

l) cont. from p. 2: for NTG:s and substitution possibilities bctween 
NTG:s and TG:s will also affect the vay in which factor abunda.nce should 
ideally be defined. If the 'I'G:s are in part sold to the NTG seetar and 
if the 'fG seeter buys N'l'G:s the eommodity and factor prices respectivel;y 
are possibly clistortecl. 'l'he NTG seeter is in many countries a produeer 

of human skills and has the pm·rer to influence ca pi tal formation, 
redistributing the productian costs, determining directly or indirect­
ly, the suppli e s of the se factors. ·rh is affects the def:ini t i on of faetor 
abundance. In addition, the latter role of the NTG seeter rnay bring 
about disequilibrin. in the factor markets. The factor abundance in 
terms of factor endm·nQents mc:.y in extreme cases differ from that de-

fined on thP. basi:.:; of factor prices. In any case it seerus questionable 
whether factor e::dowments i:lnd/or factor pr::ces should be treated as 
exogeneausly given in a certain country. 
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should be defined in terms of a disequilibriwn condition or even 1-1hether 

it is e.t all relevant .. 

An analysis of the basic assumpt.ions of the factor proportions 

theorem in tbe time dimension needs to be done in a step,.,rise manner. 

As indicated in tbis sbort swnmary a reformulation of tbe factor pro­

portions tbeorem and/or tbe factor abundance concept bas to be done 

in leaving tbe static framework. Such a step~-Tise analysis requires 

hypotheses ranked according to different orders of superiority. In 

the present paper the order of superiority vas cbosen to earrespond with 

the purpose of analysing bov time may be taken int.o ac-count in testing 

tbe factor abundance of SHeden and the factor proportions theorel!l. 

Tbroughout the paper tvo assumptions or bypotheses are tberefore 

maintained. 

I. Due to trade liberalisatioti in the post world war II period 

Sweden's international specialisation will eventually b e determined 
. . l) 

by lts comparatlve advantage. 

II. Svreden' s comparative advantage is largely determined by i t s 

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

f . . 2) actor prlce ratlos. 

Ignoring in this paper the problems related to many factor ·, 
. 3) . . l many countrles and NTG: s the follmnng hypotheses Wl th ower or, "r s 

of superiority can be specified for the subsequent testing: 

III. 
. ll) 

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 Borthcoming} some of these arguments are directly 
or indirectly t~sted. 
2) In Ohlsson Lforthcoming] this hypothesis is also tested 
3) In Ohlsson LJ'orthcomingJ some of the problems '\oTi th many factors and 
N'rG: s are tackled in testing the factor proportions theorem. 
Hovrever, the existence of many countries is negleeteet aJH;<Jst completely. 
4) This hypothesis me.ans obviously that the c hanges in Svcäen' s relative 
factor endm.,rments at least match some part of the factor price equa­
lisation tendency that might come through trade. 

•'. 



IV. Vis ~ vis the rest of the world and relative to labour as a 

whole Sweden is abundantly endm-1ed Hi th a) certain ravr materials, 

b) physical capital and c) human capi_t.al embodied in technical pc:!:'scnncl 
. l) 

and skilled workers. 

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 eaused major shifts in trade 

specialisation campared with the pattern under free trade. 

VI. The Swedish 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 flrst put to test using data 

for 1970. S ince mor e than tvm factors and goods are admi t t ed here 
. 2) 

_(cf. hypothesis IV} · Leontief's original test method cannot ·be used. 

Before presenting the results of the tests, a discussion of how 

to test the factor proportions theorem therefore is needed. 

2. On hov to test the factor proportions theorem 

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

being the simple assumpt'ion that the USA >ms a capi tal rich country, i. e. 

employing a high capital/labour ratio. The seeond step defined an 

exportable and an importable and the third directly campared the factor 

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

In a mul ticommodi ty frame-.wrk the diehetornous 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 

reportedfor the same commodity categories, neither the ti-:o variables nc 

their absolute difference can be accepted to rank the commodities 
.. 

according their comparative advantage, i.e. the likelihoad for them 

to appear in the exports of the country. 

l) The fallaving major studies have been used for the formulat.ion of thi~ 
hypothesis: Carlsson & Ohlsson fJ.97f/, Hufbauer D97Q7, Keesing [1965 ,l9E 
1969 a and b] ,OECD /)970] and Ohlsson Lforthcoming/. 

2) A multi commodity fraruework is justified by the necessity to mlm­
mize technological differences within as campared to hetVTeen the com­
modi ty aggregat e s. The re are at l east t1w reasons to leave the t wo 
factor models, the first one being the finding of earlie1· studies that 
human capital and raw materials play important roles in explaining the 
structure of trade. The seeond reason is suggested by the theorv it­
self. According to the "assum1Jtions of the theory c:.n aggret:;ation, of 
factor units inta one variable is allov;ed only if all factor units are 
perfeet substitutes. Even less strict aggregation rul~s probably make 
the propos i t i on of J oh n son [l968J to redefine factor concepts in to 
two factor aggregates a dangerous one from the point of vie'Vl of testing 
the factor proportions theorem. 
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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 alloving 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 regresslon analysis. Baldwin [l971] 

used as dependent variable net exports adjusted in a way similar to that 

used by Leontief, vThile Eranson & Junz [1972] used an adjusted net 

exports. The net exports measure depends, ho~~ever , also on the demand 

for the comrnodities. In a test of the factor proportions theorem i t 

should therefore be compl'emented with proper independent variables 

taking account of the demand side. Alternatively net exports should be 

normalized for the demand structure (cf. Carlsson & Ohlsson [l973]).This 

latter approach is follm-Ted in this paper, vrhich uses as its dependent 
• 

variable net exports divided by the sum of exports and imports, i.e. 

(X-M)/(X+M), whereX= exports, fob1 and M= imports, cif. Apart from the 

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; .i t 

also includes pure exportables and pure importables as extreme cases 

(+1.0 and -1.0 respectively). This property means that observations 

(industries) with net export.s ratios near these extreme value s will have 

a povrerful influence. in the r egressions. 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 subi.ndustries with relatively large or relatively small 

values on the r~levant factor intensities1 ). However, other dependent 

variables were also tried ln Ohlsson [forthcoming]. 

_l) A third method is used by Harkness & Kyle [1970] in . an unpublisheJ 
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. Wlt.hin the exportable and importable groups r espectively. 
Given the diehotarnous dependent variable they re_iect regression ana­
lysis on statistical grounds and use logit analys is- instead. \•lhile 
their cri ticism of net e;~ports is correct, their argument that con­
sistency with the theory is maintained by only considering the sign 
of the net exports mcasure i s not (p. 10). It rests on an earli er state­
ment (P· 9) that "with a multi-factor medel vhere there are rr.0re goods 
than factors, only the directior, but not the v0lume of trade can be pre­
dicted by refcl'Ct1Ce to relative factor intensities alone." Not even 
this can be prediet cd, but only a ranking of the cornmodi ties according 
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In surnmary the method uscd here ls regresslon analysis for estimating 

the influence of factor intensities of productian 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 seetian 1 above the factor proportions 

theorem suggesfs that Sweden should be speeialised in goods intensive 

ln capital, technical personnel andskilled workers. 1 ) The hypotheses 

to be tested on same 30 subindustries of the Swedish engineering in­

dustry are that the net exports ratio lS positively related to these 

three factor intensities. Hypothesis I of a l{ell adjusted engineering 

--~--- industrv can be testedwith the explanatory value of the regress~ons. 

cont.l) to their comparative advantage. In a theory .with eonstant factor 
supplies, the direction of trade is not determined by comparative advantq 
alone but also by the demand determinants. Consequently, using a diehoto­
mons dependent variable 1-ri t hin a mul t i -factoral framevrork might in unfcrtu 
ate cases lead to a rejection of a true htypothesis. If there is a large 
foreign demand for goods in ten si ve in one of the abundant factors, some O] 

the importables will be intensive in the scarce factors whereas other im-
. portubles will be found intensive in the rernaining abundant f'actors. · 

One of the implications of this is that aggregate imports could be more 
intensive in tl1e latter abundant faetors t han aggregat e exports. 

In a two-country medel all trade pattern measures suggested in the 
empiri c al l i ter a ture are diehotarnous. In the c ase with more t han two 
homogeneous products such measures cannot be used in principle as ·lndl­
ces of camparat i ve advantage, since t hese should ·be continuous variables. 

If, on the other hand, the dichotomo;1s property is avoided by using 
measures including productian and/or eonsumption, such as shares of 
the home or total world markets,the theoretical basis for specific 
relationships with f~etor 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 products. 

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 medel can be tested at 
all in a st~ict sense. Therefore, the choice of methodology bas to be 
made in part on practical grounds. Since in practice exports and imports 
exist for all industries the heterogeneity should be considered importa.nt 
.in choosing the dependent variable. I t is t hen unfortunate to ehoase 
a diehotarnous variable leading in the Harkness & Kyle case to an 
omission of 21 out of 79 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. iinporta.ble groups abou.t hovr vaTj ations in factor intensities 
related....1.2.. variation s ·in the tracle structure. 

l) It was not possible to obtain ~;t,atistical nieasures of rm.,r material ln­

tensities. Hov!ever, this i.~ probably n::>t an important shortcoming in 
analysing the sl:Jeci~.Llisation pattern witl1ir: the engineering inuustry. 
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Table l presents some regresslon results. 'I'he hypothesis of' a positiv 

regression coeff'icient for the skilled worker intensity is the only one 

which cannot be rejected. 'l'he current international specialisation of' 

the S1·:edi sh engineering industry i s nei the r positive ly nor negative ly 
. . l o • o l) h l rclated to the capltal and technlcal personne lntensltles. T e ow 

multiple earrelation coef'f'icient suggests that the latter result is 

not due to any deminating inf'luence for the skilled vorker intensi t. y. 

The hypothesis, (VI), that the eneineering industry is adjusted to 

~Areden1s factor abundande in 1970 has to be rejected. The static formulatic 

of' 1the f'actor proportions theorem may consequently be rejected . 'l'he 

hypotheses that Sweden has a long run and stable (III) abundance in 
o ,_ 

c ap l L; 

and technical personnel (IV) need not to be rejected. It is possible 

that the earlier strong trade impediments or changes ln the ranking 

of' f'actor intensities behreen subindustries have led to an incomplete 

adjustment to comparative advant age. Substantial changes in technoloeies 

or tariffs may also explain a slow adjustment. In the f'ollowing section, 
• 

the hypothesis (V), that tariffs and/or f'actor intensity reversals 

over time might explain the pattern of' changes ln trade Specialisatian . 

ls testedunder the assumption that hypotheses I-IV are true . If' · 

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

pattern against factor intensities and their changes. 

l) These results were reaf'firmed by tests with alternatively f'~rm~la- 0 
ted independent variables, tests on the intra-subindustry spec~allsa~lon 
patterns ae1d tests H~ere the simultaneous inf'luence of factor lntensl­
ties and tariffs were studied. 
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'l'ublf-· l. Some rc:rrc~;~;ior.s on dctcnr'j n.:int:-; of tl':Jde sncci aJ j ::::ti;:ion 1n the 
--------~---------------· ----·-------·'"'7'""" _____ :_; ________ . _____ _ 

Rer;:res­
;:;ion 
no 

Depcn-­
dent 
v:::.r:i.o.tle Con s tant 

Regression coeffideHts 
( 'vTi th st2J'dard deviation ) of H2 

( degrec~~ 

C/L of freeclo'l;) 

---------------------- -----------

l 

2 

X-M 
X+M 

" 

.021 

.16 

.008 
(. 019) 

.430 
( . 812) 

.005 

.009 

.1'{4 
(1;32) 

.281 
(1;32) 

3* " -.12'{ .579a) 
( .276) 

.132 l 113b) L l 

4* Il -.134 .003 
(. 021) 

-.129 
( . 923) 

.590b) 
( . 312) 

.134 

(1;29) 

.392 
(3;27) 

å)= significam:, at the 2.5 % leve l 

b)= Il Il Il 5 Il Il 

*Th~ nuJnbei~ of obsen'&tio!ls he_re i-s - 31, i.e. three less than in regressJons l an::.l 2. 
This is due to t~at ths dats. on sk:Dlcd v10rkers i:> only reported. dm~ to tho. 5--dig-~ t 
level of the Swedish industrial classification system (SNI). 

Lcger.,d: 
___.,.-"';.,.....__.k"o 

X-M 
- n et expol'ts ra tio, '.-;here X dc::notes S'.-;edish ex1;orts, fob, and t-1 S•.-1edi s b j mJ:;Ol'ts, 

X+lvl cif 

C/L = a meas1.1re of the physic2l capi tal intensi ty, vhere C is measured by the u;.p:.--..c:i t: 
of mot i ve pover (in horsq;Oi-ler) and L m.:lnber of employees 

'.-
= the ratio of technical personnel to total employment (both measured in physical 

numbcrs) 

= the ratio of skilled workers to total number of employed workers (Jneasured ln 
hours of work) . 

Sources·: SOS (Official Statistics of S-Heden published by the National Central Bureau 
of Statistics): Utrikeshandel part 2, 1970 and 19'71, and Industripart l, 19(0. Data on 
hours of work for skilled 1-mrkers and other workers -.rere calculated from the wa.ge 
statistics collected jointly by Sveriges Verkstadsförening and Svenska Metallindustri­
arbetareförbundet for 19'{2 ~ 4th auarter. For a few of the subindustries the net exports 
ratio has been constructed on daia for both 1970 and 19'11, because of the occasional 
nature of deliveries of very large products or systems of :products. 



4. Cha!:J_~S in the pat,tern of trade speciaJ.i sation beb1een 1960 

and 1970 

Given hypotheses I-IV the results obtaincd in the preeecding seetian 

might in the simplest case be attributed to incomp1ete 

adjustment in 1970, at least in some subindustries. Then 

the pattern of c hanges vrould eventually bring about full adj ustment 

·.J..,V 

to the factor abundance situation stated in hypothesis IV for Svreden. 

In order to investigate this possibility the pattern of changes ln 

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 lessening of price distortians 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

mally1) there vrould be a tendency for subindustries •ri th positive 

net export ratios to increase their ratios and fot 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, hm.;ever, that nei ther tariffs, nor technology changes, scale 

economics, technology gaps etc have shifted the specialisation pattern 

for individual subindustries. These latter eauses of changes in specia­

lisation may yield extreme observations disturbing or eliminating the 

expected positive relationship. 

l) It is unlikely that the imposed tariffs have made importables out 
of otherwise exportable products and vice versa. The following simple 
earrelation matrix for the cross-section of subindustries supports such 
a conclusion: 

l 
C/L L T/L Ly/LA \ 

l 
\ 

Nominal import tariff 1960 -. 35 • 38 -.20 

C hang e in nominal import 
tariff 1960-70 .• 16 -.19 -.05 

There is a significant negative earrelation (at the 5% level) bet,veen 
tariffs and the 1970 capital intensi~y, w0ich according to Lundberg/ 
forthcoming/ and Carlsson & Ohlsson Jl973l holds also for Swedish in­
dustry as a_whole andregardless of whether tariffs are measured in 
nominal or effective terms. Also there is a significant positive 
earrelation between tariffs in 1960 and the technical personneJ in­
tensity. The fact that the tariff changes are not very high1y correlate.d 
with ei the r the factor inte n~. i tics or the tariff structures of 1960 (the 
latter earrelation is -.~5), can be attributed to the ear industry. 
starting from almost the highest nominal tariff in 1960 (14.5%) it l1ad 
almost the lowe3t decrease during the decac18. The explanation to this 
is in part that EFTA affectcd. on1y the Bri ttish ear industry, vrhich has 
not substg,ntially increased its ma.rket share or share of Swedish imports. 
In addition the Kennedy round did not much affect the tariffs for cars. 



In Figure l the relationship between the changes ln the 

net export ratio from 1960 to 1970 and the net export ratios of 1960 

i~ pre~enLe~. The hypothesis of a positive relationship has ~o be 

rejected but not on the ground of either extreme observations or the lacl 

of a relationship at all. Instead a significant negative relationship 

1s obtained, .the sign of 'rrhich excludes tari-ff changes in general as a 

main explanatory variable. The fact that the relationship is systematic 

·preclude-s the "possibili ty that i t can be explained by peculiari ties in 

changes of tariffs or technology. Furthermore, the relationship lS lncon 

sistent with the hypothesis of a lang run stability in Sveden ... s factor 

abundance (hypothesis III above). But since the slope of the regression 

line is less than -l. O the r-esults may alteJ:'-natively indicate ei ther an 

evening out or a shifting tendency in the Swedish specialisation at 
• - l l) rn • • • the sublndustry evel. ~he former lnterpretat1on rel1es on the Buren-

stam Linder or other intra-industry trade theories (see Grubel [)97Q], 

Gray 1197 3] or Hufbauer [1970]). The srune resul t interpreted instead 

as a tendency to a shift or reversal of•the 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 irreversil)le 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 196'7. Hmrever, i t is in part testable as 

is shovn in the folioving section. 

5. Testing for major factor intensity reversals over time 

The irreversibility assumption may in part be tested by utilisins data 

for a some1-1hat different cross-seetian of 33 subindustries of the en­

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

l) It is interesting to nate that almost exactly the same negative 
slope was obtained for a subseetar of the engineering industry, 
namely the fabricated metal product industry, both at the subindustry 
and commocii ty group levels in 1960-1969 ( cf Ohlsson [19'7 4}). 



12 

and technical personnel intensi ti es (from Du Rietz [forthcoming] ), 

The test is a rather simple one relying on the same assumptions as those 

underlying the above used medel of resource reallocation due 

to trade liberalisation.Specifically, the linear homogeneous productian 

functions assumed to hold for cach produc:t are älso assumed to remain 

\mchap.ged over time. Changes in factor intensities are eaused only by the 

endogeneausly determined changes in factor price r elations, thus leaving 

the fac:tor intensity ranking unchanged. A normalisation for this general 

change in factor intensi ties can then be done simply by dividing each fact l 
. l . 
1ntens1ty of the given subindustry and year with that of the engineering 

industry as a whole. A stable -ranking wouid then mean that, in a figure 

shm-ring the re~atior:_sh_ir> behreen the 1968 and"l959 factor intens ity 

indices, all observations would lie on a positively sloped 45° line 

through the origin. The test of the strict hypothesis that the factor 

intensi ty ranking is perfectly s table could. ... then be designed as a test of 

whether an estimated least square regression line for the 33 observations 

differs from this postulated !15° line. As~uming the usual normality pro­

perties of the distributions, the following F-distributed ratio could be 

used in a significance test 

2 
where I(y-x) O,l = residual swn of squares of a regression line 

with intercept postulated to be 0.0 and slope 1.0 

Ie2 = residual sum of squares of the estimated least square 

regression line 

n1 = degrees of freedom of the postulated regression line , 

1. e. 33 

n2 = degr~es o.f freedom of the estimated least square 

regression line. 

Figures 2 and 3 show the respective relationships for the capital 

and technical personnel intensities respectively. The F-values of the 

above farmula is estin1ated to .84 and 27.79 respectively. At the 

5 % level F(2;30) = 3.32. Consequently the stability hypothesi::; cannot 

be rejected for the capital intensity whereas it should be for the technic­

al personnel intens ity. However, even in the latter case there are no 

major chane;es. in the fac::,or intens ity ranking . Instead the rejcction 

of the l1ypothesis can be attributed to the fact that relatively technic al 



Figure l. The relation behreen chan~ in the net e2S_P.O~___I_~!_0~- 1960-70 and 

the net export ratio in 1960 in 31+ e~neering subindustries 

Regression: 
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So_u_r_c;~s: §Q§_ (Official Statistics of S1-.reden 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. 'l'hc rclationsbip betueen capital intensities of 19613 (= y) and 

,-9 ( x) in a cross-seetian of 33 engineerinc; subindustries. 19:J = 
I!"! d ex 100 for the cngineering indust~y a~ a whole lD 1968 and 1959 
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"' pre 01 a1Jle OVl'r the other, out c f. l·-1oocly [19 (il]. 
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Figur 3. The relationsbip behveen tecbnic~~!:'sonnel_i!ltensi.:_t)es· of 1968 ( = y) 

and 1959 ( = x) in a cross-seetian of 3~ineering subindust_!:._ies. 

Index = 100 for the engineering industiT as a vho1e in 1968 and 1959 
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personnel .s"xtensive subinclustrie2. :u1 1960 have tended to increase 

thcir intensity more than average and vice v~rsa for technical personnel 

intr:nsive OlkS in l9GO. AjJJJareuLly, Lhe ear1ier assumpt.ion of no technic-

al change has to be rejected. The general increase in the technical 

personnel intensities, averaging 25 %, was accompanied by a biased 

technical change, 1-1hich in the Johnson /1963/ terminology uppears to 

be characterized by an intensive-factor-savinG change in the technical 

personnel extensive subindustries and/or an intensive-factor-saving 

change 1n the technical personnel intensive ones. 

Suppose that S1-1eden was abundantly supplied Hith technical 

personnel, that the bias in technological ch~nge was exogeneausly 

determined and that Sweden being a small coun-try could not affect 

i ts comrnodi ty 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 not as much as to lead to a reversal of 

d d . · l) s · · · r· tra e 1rect1on. uch a relat1onsh1p vas found 1n J.gure l above, 1:mt 

so far the abundance hypothesis is contradicted for technical personnel 

by the results of table l. If instead Sweden is scarcely supplied 

with technical personnel then the result should be interpreted to imply 

an export-biased growth similar to the growth pattern suggested by 

the Rybczynski theorern in the case of accwnulation of the abundantly 

supplied factor. 

In order to arr1ve at rnore 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 

ir1tensi ty ran_tj"'n.E§., i t is possible to test the factor abundance 

hypotheses by regressing the changes in the Specialisatian pattern 

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

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



6. Is thcre a fac:tor _12roport:i ons explanation to the c hang i ng_ 

specialisation pattern? 

While table l ruled out the possibility that the static formulatian of 

the factor proportions theorem was a powerful explanation of the 1970 

spccialisation, figure l 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 
" f t .. d l) . . d Sweden s ac or abun ance. Here the latter alternat1ve lS teste 

by regressing the change in the net export ratio on the 1970 inten-
l 

sities of capital, technical personneJ and skilled workers. The 

basic asswnption behind this test is that Sweden"'s factor abundancc 

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

but not in terms of which factor intensi ties should be included in the 

analysis. Since there is no way of estin1ating directly the specific nature 

of the change in Sweden' s factor ab undan c e, hypothesis IV of Sweden 

being abundantly supplied in the l960"'s with capital, tcchnical 
' 

personnel and skilled vlOrkers,is tempcrarily maintained but now 

subject to testing. In consequence, this factor abundance must at least 

111 part be assumed to have been gained (instantaneously) in 1960 

or during the 1960"'s. The impl ication is, of course, that the pattern 

of specialisation in 1960 is adversely related to at least one factor 

intensi ty as campared to same relationship for the trerids in specialisatio 

bet-vreen 1960 and 1970. Specifically, the follmring three hypotheses are 

to be tested: 

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

there was an increased S1.,redish specialisation i!l capital intensive sub­

industries. 2. In contrast, this specialisation was ~apital extensiv~ 

initially, 

B. The technical personnel intensity hypotheses. l~ Between 1960 

and 1970 there vas an increased Svedish specialisation in technical 

personnel intensive subindustries. 2. In contrast, this specialisation 

vas technical . personnel extensive initially. 

C. The skilled worker intensity hypöthese~. l. Between 1960 and 

1910 there was an increased Swedish specialisation in skilled worke r ln­

t ensive subindus tries. 2. In contrast, this specialisation vas skillecl 

worker extensive. 

l) F' or simpli c i ty \·re are here among other things negleeting the f act t ha t 
the biased technical cha.nge in figure 3 may in some cascs explain the re­
lationship observed in figure l. 
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In order to test these hypotheses the two different patterns 

of specialisatiori were regresscd on each factor intensity, separat~ly 

as well as in simultaneously. In addition the 1960 net exports ratio 

was tried as an independent va1·iab1e in regressions on the change in 

the net exports ratio betveen 1960 and 1970 in order to investigate 

vhether and how this inclusion affected the regression coefficients 
. . . l) 

for the factor 1ntens1t1es. 

'rable 2 presents the regression results. The rather high and sig­

nificant explanatory values of most regressions on the change in the spe­

cialisation pattern makes it reasonable to conclude that there is 

a factor proportions explanation for this change. As much as around 
2) 

40 percent of the change is in this vay explained by the theorem. 

It seems fair to conclude that the adjustment-process 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 l should be interpreted as part of a reversal of Sveden .... s 
4 

pattern of engineering specialisation. The outcome of the tests of 

hypotheses A, B and C gives evidence on this point. 

Hypothesis A can be rejected as a whole. Instead of a positive 

relationship between the change in the net exports ratio and the capital 

intensity (hypothesis Al) a significant negative one is obtained. 

Also, instead of the expected negative relationship vith the initial 

net exports ratio a positive one is received. Obviously the three 

patterns of specialisation studied in tables l and 2 are consistent 

with a hypothesis that Siveden was earlier abundantly suppli ed with 

capital visavis labour but has lost this abundance around 1960 or during 

the following decade. It is impossible to judge whether this change bas 

meant notbing more than a lost advantage or even developcd to become 

a comparative disacivantage in capital intensive products since the period 

does not cover the. vhole ad.i us:t_ment _p_r_ocess. 

l) There may, of course, be other reasons for including the net export 
ratio of 1960 as an independent variable for instance trying for other 
functional forms of the relationship, avoiding too much influence for 
ini tially extreme ra tios vThich are bounded to move in one direction only 
and testing for other explanations behind the initial ratios than factor 
proportions ones. 

2) ~f hTO mor2 ir1dcpendent var-iables are included as i-n Ohlsson /forth­
comlng/ the R -coefficient increases to more than 60 %. One of the 
variables, the change in nominal t ariff rates, receives a highly signi­
ficant positive coef f icient. The other one , the pcrccntage change in 
domestic consurnption used in a t est of e i ther a Burellstam Lincler-type 
or a product life eye le type bas :i s for Sveden" s compA.l'ati ve advantage, 
receives a significant negative coefficient. The latter result may be 
interpretcd as a rejection of thcse two demand oriented approa~hcs to 
eXplaining Swedcn-" s comparati ve advantage since all a p:.:·iori information 
points at a positive relationship. 
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cont. table 2 

a = significant at the 2.5 % level 

b = Il " " 5 Il " 
c = 17 " 17 10 Il " 

Legend complementing that of table l: 

(X-M) . . 96 6 v M = change ln net exports ratlo l 0-70 
/\.+il 

X-M 
(X+M)66 = net exports ratio in 1960 

' Sources: cf table l and figure l. 
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Hypot11esis Bl cannot be rejected since the re[!;ression coefficients 

obtained for the technical personneJ intensity in regression 4 and 6 

are significant. 'l'his conclusion can be drawn in spi te of the insig­

nificant regression coefficients of ree;ressions 10 and 12. The exclusion 

of either the technical personnel or the skilled worker intensities 1n 

regression 10 turns the coefficient of the remaining intensity into 

significance. T~e fol~owing earrelation matrix between the independent 

variables shovrs that this is due to the high positive earrelation l:le­

tween the technical personneJ and skilled worker intensities: 

~-- - -- . . ---
l 2 3 4 

l. "/T v J..l - 1.00 

2. L T/L .22 1.00 

3. L /L y .lO .36 l. 00 

4. (X-M)/(X+M) . 27 -.16 .15 1.00 

A comparison bet1·reen regressions l ,and 10 shows tha.t the inclusion 

of both almost doubles the explanatory value but decreases the F-value. 

In addition) the inclusion in regression 10 of' a variable measuring 

h . t . f f t f s d. h ' l ) . . c anges ln arl ra .es o we ls lmports makes the regresslon 

coefficient for the technical personnel intensity significant and 

increases the significance also for the capital intensity coefficient. 

'vlhile it secms safe not to reject hypothesis B.l, hypothesis B.2 

of a negative relationship between the 1960 net exports ratio and the 

technical personneJ intensity has to be rcjected. A comparison of the 

Specialisatian patterns of 1960, 1970 and 1960-70 seems to suggest 

that Sweden might have obtained an abundance in technical personneJ ln 
\ 

the l960~s but too late or too small to have bad a major impact ori the 

1970 pattern. 

Hypothesi~ C.l cannot be rejected. There is a significant positive 

relationship between specialisation trends and the skilled worker 

intensity. 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 conc1usion regarding 

th~ abundance in ski11ed '\oTOrkers is that Sveden has been abundant in 

skil.led workers after -1960 and strongly enough to make the engineering ln­

dustry specialised accordingly in 1970. 

l) Cf.also footnote 2 page l8. 
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In swmnary, the rcsults are consistent .vith a cornparativc static 

factor proportions theorem vith factor accumulation. ThE.:y allow a 

partial rejcction of the initially formulated factor abundance hypo­

tbesis (J1ylJuLiJes is IV) as \vell as a complete rejection of the hypo-­

thesis of a long run a1mndance stability (hypothesis III). The 

results are those expected according to the Rybczynski theorem if 

s-vreden has had an internationally strong accumulation of technical 

personnel and skilled worl:.ers relative to ca pi tal and other labour· 

7, Further comments or:.__!}'1e biase~_Y,echnical cbange 

The' more clearcut conclusions about Sw(oden" s factor abundance makes i t 

possible to discuss the biased technical change in terms of the techn:i.cal 

personnel intensity of section 5. Tvro major problems may be discussed, 

the first one being vrhether the bias was exogeneausly or endogeneausly 

determined. T'ne seeond problem is whether and hov the bias affected the 

nature and speed of the adjustment process. 

In seetian 5 above the teclmological bias vas assumed to be 
• 

exogerieous. Hovever, a cha_r:..ge in comparati ve advantage of the kind 

derived here gives the folioving adjustment incentives for firms vith 

an earlier strong but varsened comparative advantage position: 

l. to change the product mix in order to cmnply better with Svreden~s 

nev comparative advantage, 

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

the same thing, 

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

efficiency. 

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. 'l'he seeond type of adjustment is · successful only if 

major factor inte~sit~ reversals are obtained and this possibility 

was Contradieted by the results of section 5, TI1~ third type of ad­

justment is insufficient in the 1ong run in the factor proportions 

theory. All three adjustments may, hovever, require more t echnical 

personnel per employee. In consequence, the tendency of a more than 

average increaie in the technical personnel intensity of technical 

personn"l ~~::._nsive subindustries may vell be endogeneausly determined 
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and th;ls be part of the actjustment process. Such a cone:lusion is 

more likely since the productian 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 endogeneausly than exogeneausly de­

terminecl, it is time to discuss its impacts on the nature and speed 

of the actjustment process. An exogeneausly determined similar bias 

would have l·rorked against the effects of the nev comparati ve advantage 

in technical personnel intensive products. Hovever, given that the 

ten'dency vras 1veak i t vould only have slm-ted down the readjpstment 

necessary in the long run. 

If the technological bias vas endogeneausly determined, it vould 

be even more likely that this bias could at most slov dmm~ not alter 

the othenrise required readjustment. But if instead the excess increase 

in technical personnel (per employ~e) was largely an investment in type 

l changes, i.e. in product mix changes, it may alternativelyhave 

speeded up the actjustment process. Conse<luently, a firm conclusion cannot 

without further information be reached on hov such a bias may have 

affected the nature and speed of this process. 

8. Sun1mary and Conclusions 

This paper investigates two problems almost neglected 1n the empirical 

analysis of the factor proportions theorem. One is the lack of empirical 

specification of the factor abunclance of countries and the other the 

choice of testing on1y static versions of the theore1n. By a stepwise 

testing proeecture utilising a set of hypotheses differing in orders of 

sv.periori ty both, static and various comparati ve static versions are · 
' 

tes te d here· This proeecture als o allolfS a more thorough testing 

of the factor abu~dance hypothesis for Sveden as _regards both whicb 

factors are abundant and the stability assumption. 

·· . The results derived for the ·SvJedish pattern of engineering 

specialisation indicate that static models of the factor proportions 

theory do not explain much of the patterus prevailing in 1960 and 

19(0. _In contrast, a comparative static model allowing for reversals 

Of comparative ·advanta"_-e over t 1·mr-- f 1 · 1 · · 
9 _ ~ seems to be success u 1n exp alnlng 

trends in trade spec 1· a1 1· t: 'l'h k the . . sa ~on between the two years. e vea. facto~ 

proportions Specialisatian in these years might thcn be attributed to 

the adJ'ustment period being so long d d ' that the obsenred eca e covereu. 
Only a part of this period. S"ch t d b " c:m interpretation is suppor e Y a 



negative relationship between the changes in the specialisation 

measure and its initial values, the slope of vhich shuved that a 

general reversal in specialisation bad not occurred vrithin the period. 

Conscquently, for the purpose of model building this paper is 

encouraging for the modern factor proportions theory. This conclusioh 

can be drmm although, like many earlier tests, i t 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 far as the factor proportions theorem is concerned, broadly 

consistent with the implications ·of a camparat i ve static mode l vri th 

factor accumulation and perha,ps als o a biased-technological change. 

Hövever, it neglects two fundamental empirical problems of 

such medels, the first one being whether a country'"s factor abundance 

actually explains its international specialisation,or whether the direc 

of eausality is the opposite. If the former is the case, a seeond 

fundamental problem is to assess wheth;er a factor abundance of a 

country i s determined by i t s factor end01·1ments or i t s far; t or prices. 

Both problems apparently raise the question v!hether a comparati ve . stati 

framev1ork really is sufficient or whether a dynamic one is necessary 

(c f. Ohlsson [forthcoming]). 

One of the major policy conclusions of this paper is that alteri 

-the speCialisation pattern of an economy with a very large foreign trad 

seeter req_uires a fairly long adjustmerit period. Another policy 

conclusion is that the comparative advantage of a country is undergoing 

cbanges. If these two conclusions hold for other and larger 

countries, it may greatly enhance the possibilities of' explaining 

international aqjustment problems connected vri th, for instance, 
l 

persistent balan'ce of payment difficulties and the time and industry 

pattern of foreign direct investments. 
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