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I. Introduction 

T 
he notion of identical technologies across countries is a build- 
ing block of the neoclassical theory of international trade. 
As an assumption, it is crucial to the establishment of the 

Heckscher-Ohlin (H-O) theorem and its corollary, the factor price 
equalization (FPE) theorem, which together have dominated research 
in international trade for almost 60 years. The assumption has also 
worked its way into empirical studies of trade. This tradition began 
with Leontief [1953; 1956] who, for lack of other data, used the US 
production structure to calculate the factor intensity of a unit of US 
exports and "import replacements." The practice of adopting a single 
country's production structure to proxy technology in all countries 
continues to this day in even the most prominent empirical "tests" of 
the H-O model. In this paper, we argue that this factor intensity uni- 
formity (FIU) assumption is not justified on empirical grounds and 
should thus be abandoned also as a foundation for theoretical model- 
ing. Since consistent input-output data over time are now available for 
a large group of countries, applied economists can abandon the use of 
a "proxy technology" and instead undertake intertemporal studies of 
trade and technology without losing the valuable information on the 
structure of production provided by input-output tables. 

Remark: The authors wish to thank Antoinette James for excellent research support 
and helpful suggestions. They would also like to thank Dominique Levy, H. Peter Gray, 
Farhad Rassekh, Carsten Kowalczyk and participants in seminars at the Polytechnic of 
East London, the University of London, the University of New Hampshire and the 
American Economic Association Meetings, December 1990, Washington for valuable 
discussion of an earlier draft of this paper. 
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While empirical support for the FPE and H-O theorems is quite 
mixed, few of  the studies have delved into the causes of  the rejection 
of the theorems, that is, an analysis of  which of  the assumptions are 
invalid. 1 One cannot question the H-O or FPE theorems from a logi- 
cal standpoint. If  one of  these theorems is not supported empirically, 
this is obviously because one or more of  its assumptions fails to hold. 
The requisite conditions for the proof of  the simple (2 x 2 x 2) form of  
these theorems are well known: e (i) pure competition in product and 
factor markets; (ii) absence of  factor intensity reversals; (iii) identical 
and differentiable production functions for each commodity between 
countries; (iv) constant returns to scale in the production of  both com- 
modities; (v) no externalities in production; and, (vi) identical factor 
quality in both countries. Since FIU is necessary for both the H-O and 
FPE theorems, its imposition in the empirical tests of  the theorems is 
not surprising. Yet when the theorems are rejected, researchers have 
been content to speculate as to the cause [see, for example, Bowen 
et al., 1987]. 

Most empirical studies of  trade theories are aimed at testing the 
neoclassical theorems which assume identical technology across coun- 
tries. While these studies often reject the H-O and FPE hypotheses, 
the analysis of the reasons for this rejection is often left to "future 
research." These studies often show that the FIU assumption is per- 
haps the one which is most at odds with observed economic condi- 
tions, yet they have not resulted in a new generation of  trade models 
as has research which, for example, relaxes the market structure as- 
sumption of  the H-O model. Research in the tradition which assumes 
uniform, differentiable, constant returns to scale production functions 
across countries is ill-equipped to account for trade based on techno- 
logical differences across countries, much less when there are differ- 
ences in rates of  technological progress. Moreover, the traditional 
Ricardian model - the obvious choice if  one seeks a model of  trade 
based on technological differences - has been viewed as a special case 
of  the H-O model [Deardorff, 1984, pp. 477-478]. In this paper, we 
first present simple tests of  the FIU hypothesis 3 and then offer an 
alternative, dynamic, disaggregated Ricardian model to capture the 

1 An exception is Dollar et al. [1988] who show that technological differences are more 
important than scale economies as a factor in the failure of factor price equafization. 
z See Chacholiades [1978, Ch. 10] for a review of the basic model and proof of the FPE 
and H-O theorems. 
3 We have referred to factor intensity uniformity as both an assumption and a hypoth- 
esis because it is both. The original H-O model proves FIU along with FPE for the 
2 x 2 x 2 case. To generalize the H-O model in order to allow for m-commodities and 
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link between technological change and changes in the composition of  
international trade. 

The remainder of  the paper is divided into five sections. In Sec- 
tion II, we review a selection of  the major empirical tests of  trade theo- 
ries, focusing on the operationalization of  the factor intensity variable 
and how it affects the results. In Section III, we undertake a simple 
test of  the F IU  hypothesis using the U N  input-output data base for 
5 countries for the years around 1959, 1965, 1970 and 1975. The re- 
suits show that the assumption of  identical technologies across OECD 
countries is not justified by the data. Factor  intensities differ at each 
moment, and over time technological differences appear to have been 
maintained. In Section IV, we extend our analysis by developing verti- 
cally integrated sectors. Again we find that factor intensities differ in 
every year tested, however, we also find evidence of  technological 
divergence occurring between 1970 and 1975. We also report evidence 
on the extent of  the technological differences between countries. In 
Section V, we discuss the implication of  the empirical tests for trade 
theory. We reject Leamer's [1984] appeal for the use of  a "weaker 
version" of  the H-O model and instead argue for an alternative ap- 
proach, using vertically integrated analysis and based precisely on 
technology gaps across countries. Section VI contains a brief sum- 
mary and conclusion. 

II. Measuring Technology in Empirical Trade Research 

Serious empirical testing of  the H-O model began with Leontief's 
[1953; 1956] well-known studies. His findings have generated research 
aimed at reversing, or at least explaining, his "paradoxical" results, 
namely that the US, clearly a capital-abundant country, exports 
labor-intensive goods and imports capital-intensive products. 4 Leon- 
tief adopted the assumption of  globally uniform technology by using 
US input-output data to measure factor intensity of  US exports and 
"import  replacements." In essence, he measured the quantity of  cap- 

n-factors, Vanek [1968] was forced to assume FPE and FIU to maintain a unique 
ordering between trade and industry factor intensities. Since 1980, empirical tests of the 
H-O model follow Vanek and assume FlU. 
4 Learner [1980] shows that the Leontief paradox is based on a simple misunderstand- 
ing of the data. Using Leontief's 1947 data, he finds that the United States was a net 
exporter of both capital and labor. Therefore, a test of factor abundance must compare 
capital embodied in net exports per worker with capital embodied in consumption per 
worker. Using this technique, Leamer found that trade flows revealed the United States 
to be capital-abundant in 1947. However, Maskus [1985] failed to reverse the paradox 
for later years. 
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ital and labor the US would require to produce domestically a $1 mil- 
lion composite bundle of 1947 exports and competitive imports. Leon- 
tief was using US technology as a proxy for the technology in the 
countries of its imports. Of course, he had no choice, since the only 
input-output data available to him at that time was for the US econ- 
omy in 1947. Leontief [1956, p. 399] concluded: "A comprehensive, 
two-sided explanation of our economic relationships with the rest of 
the world will not, of course, be possible before the internal economic 
structure of at least one of the most important of our trading partners 
has been studied as fully as that of our own." 

All the major studies subsequent of Leontief's work are unilateral 
tests of the H-O model, that is they determine factor abundance by 
rank order and calculate factor intensity with US data, implicitly 
assuming away the possibility of technological differences across 
countries and factor intensity reversals within countries. 5 

Leamer [1984] provides an extremely general and rigorous econo- 
metric approach to testing the H-O model, and still his assumption on 
technology is quite particular. He estimates a proxy technology matrix 
that he uses for all countries. The results are generally supportive of 
the H-O hypothesis. Anderson [1987], in a review of Leamer's book, 
criticizes this use of an estimated input matrix, and attributes the 
strong results to this technique. He cites other work [Lasonde, 1984] 
which is identical to Leamer's but which uses US technology as the 
world proxy and which flatly rejects the H-O hypothesis. In his more 
recent work, Leamer returns to using US technology (specifically, the 
1967 US input-output table) as a global technology proxy [Bowen, 
Leamer and Sveikauskas, 1987]. Not surprisingly, the results are much 
weaker. 

Empirical testing of the FPE (and implicitly FIU) hypothesis has 
a much shorter history than that for the H-O theorem. Arrow et al. 
[1961] and Minhas [1962] observed differences in production func- 
tions across countries, but their work was largely ignored by interna- 
tional economists, who avoided empirical tests of FPE until the 
1980s. 6 A number of studies tested the hypothesis of the cross-country 
convergence (as opposed to complete equalization) of factor prices as 
a result of trade liberalization in the EC. Tovias [1982] found a conver- 

s See, for example, Baldwin [1971], Harkness [1978; 1983], Maskus [1985; 1991], and 
Bowen et al. [1987]. Deardorff [1984] is the definitive survey. 
6 Deardorff [1984] in a survey of literature testing trade theories, does not even mention 
the FPE hypothesis. 
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gence of labor costs from 1960-65 and a divergence during the period 
1965-75. Oddly, this divergence took place at the time of  significant 
trade liberalization in the late 1960s. Gremmen [1985] confirmed the 
correlation of trade liberalization and real wage divergence, but Van 
Mourik [1987] explained away some of this paradox by controlling for 
technological differences, adding a capital intensity variable to the 
regression equation. Dollar et al. [1988], surveying 28 industries in 13 
countries, also adjust for differences in sectoral capital-labor ratios 
and yet still observe systematic differences in labor productivity across 
countries. They conclude [ibid., p. 42]: "What emerges most dearly is 
that the industrial countries use different techniques of production at 
the industry level, suggesting that factor prices are not equalized. In 
particular, countries using more capital per worker in the manufactur- 
ing sector as a whole tend to use more capital per worker in every 
industry, contrary to the prediction of the FPE model." Mokhtari and 
Rassekh [1989] test the hypothesis that factor prices converge as the 
volume of trade grows. Their evidence for 16 OECD countries during 
the 1961-84 period supports this hypothesis. 

Dollar et al. [1988] observe that while there is evidence of cross- 
country similarities in productivity in the aggregate, this pattern col- 
lapses at the sectoral level. Moreover, differences in the output mix do 
not account for the divergence in aggregate productivity. This is the 
reverse of what they expected, since the FPE model predicts that 
industry-level factor productivities will be equal across countries (due 
to identical production functions and constant returns to scale), 
whereas aggregate productivity will vary across countries depending 
on the output mix in each country. They conclude that the major 
causes for this industry-level dispersion is the dispersion of industry 
capital-labor ratios and differences in technology. 7 

Some of the more recent studies have tested the possibility of tech- 
nological differences across countries, but again using very restrictive 
assumptions. Dollar et al. [1988] use a modified translog production 
function with variable returns to scale, then add an additional param- 
eter which varies by country but not by industry. This specification 
implies that "country h's industry production functions (in loga- 
rithms) differ by an additive parameter O h that is the same for all 
industries . . . .  " [ibid., p. 28]. The additional parameter is interpreted 
as an index of total factor productivity. While this specification allows 

In his comments on Dollar et al., Richardson [1988] points out that these explana- 
tions are not entirely distinct. 
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the authors to pool their data from all industries, it involves a very 
particular hypothesis on differences in technology. They claim that 
"To construct an operational model that encompasses technological 
differences, we need to impose some regularity on the cross-country 
differences." [ibid., p. 28]. This may be true, but to assume that such 
differences are uniform across industries is unnecessarily stringent. 
Bowen et al. [1987] use essentially the same assumption, allowing 
input matrices to differ only by a proportional constant with respect 
to the US input matrix, or what the authors refer to as "neutral 
differences in technology across countries." [ibid., p. 799]. In a foot- 
note on the same page, they declare, "The specification of neutral 
technological differences was chosen because of  its tractability in 
estimation." Even with these very particular specifications of  produc- 
tion conditions, both of  these recent studies support the hypothesis of  
technological difference over the hypothesis of  technological unifor- 
mity. In Sections III and IV we adopt a more general model of  pro- 
duction to test the FIU hypothesis. 

IH. Testing the FlU Hypothesis: The Direct Approach 

Brecher and Choudhri [1988] develop a test of  H-O by vectorizing 
the United States' transactions matrix A U for 1963, 1972 and 1979 
(U=Uni t ed  States). The result is a row vector, A~ v, the i-th element 
of  which, A~, measures the total use of  factor i in the production of  
all commodities produced in the United States. Under  the standard 
trade theory assumptions mentioned above, the Avc vectors are equal 
in all countries ( C =  country), s In this section we explicitly test this 
assumption. Utilizing the A matrices for Germany, Italy, Japan, Nor- 
way, and Portugal for the years around 1959, 1965, 1970 and 1975 
from the UN input-output data base [United Nations, 1976], we 
analyze correlations of  the A matrices and coefficients of  variation 9 

s In general, the vector Avc is defined as follows: 

where c = country and a o = purchases of commodity i by the j-th sector. 
9 The coefficient of variation is the standard deviation divided by the mean for each 
sector between countries. 
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Tab le  1 - Final Aggregated Industrial Sectors 

Sector 

1 

2 

3 
4 
5 
6 

7 
8 
9 

10 

11 

12 
13 
14 

Industry group 

Agriculture, hunting, fishing 
and forestry 
Coal mining, crude petroleum, 
and natural gas 
Metal ore and other mining 
Food, beverages and tobacco 
Textiles and clothing 
Wood, wood products, 
paper and printing 
Chemicals and rubber 
Petroleum and coal products 
Non-metallic mineral products 
Ferrous and non-ferrous metals 
(basic metals) 
Machinery, transport and other 
manufactured goods 
Electricity, gas and water 
Construction 
Trade, distribution, transportation, 
storage and communication 

Corresponding original sectors 
in the input-output data base 

1959-1965 

2 
3 
4 

5,6 

7 
8, 9 

10 
11 

12 

13, 14 
15 
16 

17, 18 

1970-1975 

2, 3 
4,5 

6 
7 

8,9  
10 
11 
12 

13 

14, 15 
16, 17 

18 

19, 21, 22 

of the Avc to test two hypotheses: First, that technologies are equal 
across countries, and second that technologies converge over time. 
The second test is a weak version of the first; H-O theory predicts that 
trade will tend to equalize factor intensities between countries over 
time. Kemp and Shimomura [1988] show that starting from an 
autarky position with neutral technological differences, a straightfor- 
ward extension of H-O gives the result that technologies quickly 
equalize, leading to FIU. 

The direct correlations of the A matrices are presented in Table 2.10 
These data indicate that the selection of any one country's A matrix 

a0 For 1959 we add the United States, for 1965 we add the United States and Canada 
and for 1970 and 1975 we add Canada. These countries are excluded from the test of 
convergence because data is not available for all four years. We also add the United 
Kingdom for all four years. The United Kingdom is excluded from the test of conver- 
gence because of an inconsistency when applying vertically integrated analysis later. 
For consistency, we want the same countries to be included in both the direct and the 
vertically integrated analysis. Table 1 reports the final aggregated sectors. 
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Table 2 - Element-by-Element Correlations of 14 x 14 Matrices 
by Year and by Country 

Germany 
Italy 
Japan 
Norway 
Portugal 
UK 
US 

Germany 
Italy 
Japan 
Norway 
Portugal 
UK 
Canada 
US 

Germany 
Italy 
Japan 
Norway 
Portugal 
UK 
Canada 

Germany 
Italy 
Japan 
Norway 
Portugal 
UK 
Canada 

France Germany Italy Japan Norway Portugal UK Canada 

1959 
.897 
.850 .821 
.876 .871 .801 
.714 .704 .771 
.876 .804 .884 
.498 .464 .489 
.802 .890 .829 

.953 

.958 .944 

.945 .952 .951 

.836 .810 .820 

.864 .848 .892 

.877 .903 .897 

.826 .854 .841 

.908 .896 .904 

.898 

.698 .610 

.901 .912 .613 

.756 .702 .590 

.904 .855 .594 

.828 .883 .612 

.801 .746 .452 

.896 

.714 .736 

.930 .908 .684 

.736 .705 .711 

.912 .786 .572 

.885 .864 .678 

.875 .754 .450 

.736 

.830 .816 

.505 .424 .457 

.837 .724 .750 

1965 

.812 

.886 .833 

.888 .731 .810 

.878 .770 .839 

.881 .847 .814 

1970 

.700 

.909 .720 

.894 .632 .809 

.816 .551 .862 

1975 

.672 

.886 .660 

.872 .676 .767 

.867 .571 .900 

.394 

.869 

.991 .870 

.780 

.808 

to represent all other countries is problematic. For example, utilizing 
Canada's A matrix to represent the technology of  Italy in 1975 leads 
to a 55.0% error or bias, while utilizing the same matrix to represent 
the technology of  France leads to only a 12.5~ bias. In general, the 
data show that the direct correlations are reasonably high, mainly in 
the .8 to .9 range. However, in considering these correlations further, 
a correlation of  .8 leads to a 20% bias in empirical results that are 
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Table 3 - Coefficients o f  Variation across Vectorized .4 Matrices* 

Sector 1959 1965 1970 1975 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

.3432 .2185 .2173 .2557 
1.0525 1.4155 1.7662 1.5450 
.2577 .5183 1.4920 .4510 
.1332 .0910 .1020 .0723 
.2480 .2630 .3051 .3121 
.1466 .1481 .1084 .0734 
.2239 .4919 .2205 .2443 
.5861 .2444 .4193 .4670 
.1496 .2187 .1992 .1489 
.4141 .3120 .3329 .3790 
.3351 .2985 .2252 .2313 
.7345 .3959 .3041 .1440 
.1903 .1597 .0854 .0872 
.2951 .1214 .1945 .1607 

a The countries included in this table are Germany, Italy, Japan, Norway, and 
Portugal. 

derived by substituting one A matrix for another. This is enough to 
call into question the results of any research based on a "proxy tech- 
nology. ''11 These correlation differences report only non-neutral 
technical differences between countries; neutral differences have been 
estimated in Bowen et al. [1987] and Dollar et al. [1988]. 

Next we test the hypothesis of technological convergence over 
time. To test this hypothesis, we calculate the coefficients of variation 
for the vectors Avc across the sample of countries. These results are 
presented in Table 3. The data indicate that some elements of  the A vc 
vectors are diverging while others are converging. From 1959 to 1975 
the coefficient of variation increases in 4 of 14 sectors. This indicates 
that technologies in these sectors, as represented by the elements of the 
Avc vectors, have diverged over the sample period. From Table 3, it 
is clear that no clear pattern of convergence exists over the sample 
period. From 1959 to 1965, 8 of 14 sectors converge while in the 
periods 1965-1970 and 1970-1975, half converge and half diverge. 
Also, over the entire sample period, only sector 5 (textiles and cloth- 
ing) shows divergence in each period, while only sector 12 (electricity, 

11 As an example, Brechcr and Choudhri [1988] fail to support the predictions of the 
H-O model for the United States and Canada. Our result for these two countries in 1965 
suggests that 13% of their results can be attributed to the bias of using a single A matrix 
(that of the US) to represent technology in both countries. 



Elmslie/Milberg: Factor Intensity 473 

gas and water, a largely non-traded sector) shows convergence in each 
period. The data thus do not support the H-O technology convergence 
hypothesis. 12 It is important to emphasize that over the sample pe- 
riod, openness, as measured by imports plus exports taken as a per- 
centage of GNP, increased for all countries. As trade openness in- 
creased, technologies neither diverged nor dramatically converged. 

IV. Testing the FIU  Hypothesis: A Vertically Integrated Approach 

Our second test of the FIU hypothesis is based on the vertically 
integrated analysis developed by Pasinetti [1973] as an extension of the 
standard Leontief system. The vertically integrated labor coefficients 
are defined as follows: 

= I ~ ( I - A ~ )  - 1  , (1) 

where 

v = vector of vertically integrated labor requirements, 
! = vector of direct labor requirements, 
A = matrix of inputs, and 

subscripts i and superscripts t refer to country and year, respec- 
tively. 13 Clearly, corresponding elements of ~ will differ from V i by a 
constant. But this does not imply that each element of the A and 1 
matrices differ also by a constant proportion: in general they will not. 
The same argument holds for the vertically integrated sector in a 
single country over time. Using the vertically integrated productivity 
measure allows for any differences (across countries and time periods) 
in input matrices, yet still permits unambiguous measurement of total 
productivity differences. Moreover, the vertically integrated approach 
gives a more comprehensive measure of productivity than a direct 
productivity measure, yet allows differentiation by sector depending 
on the composition of input use in the sector, t4 Since the A and 1 
matrices are adjusted by the scale of production, differences across 

t2 Moreover, the results support DeLong's [1988] critique of Baumol's [1986] claim for 
long-run productivity convergence across nations. For a full discussion, see Milberg 
and Elmslie [1993] and the references therein. 
13 This notion can be expanded to include fixed capital goods: 

~, = t,' ( t -  A~ - ~ ) - 1 ,  
where D is the n • n matrix of fixed capital depreciation coeftieients [see Oehoa, 1986]. 
14 For a more extensive discussion of these issues see Momigliano and Siniscalco 
[1984], Deardorff [1984], and Milberg and Elmslie [1992]. 
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Table 4 - Correlations of v's for 14 x 14 Matrices by Year 
and by Country 

Italy 
Japan 
Norway 
Portugal 
US 

Italy 
Japan 
Norway 
Portugal 
Canada 
US 

Italy 
Japan 
Norway 
Portugal 
Canada 

Italy 
Japan 
Norway 
Portugal 
Canada 

Germany Italy Japan Norway Portugal Canada 

1959 
.668 
.729 .614 
.635 .836 .744 
.693 .737 .576 .849 
.832 .753 .705 .651 .512 

1965 
.855 
.694 .652 
.710 .798 .708 
.736 .726 .644 .901 
.873 .947 .747 .843 .740 
.873 .924 .611 .693 .552 

1970 
.596 
.915 .525 
.830 .699 .898 
.817 .655 .886 .915 
.860 .470 .939 .746 .750 

1975 
.944 
.917 .911 
.843 .889 .899 
.841 .900 .958 .932 
.828 .708 .868 .657 .763 

.945 

countries are due either to differences in technology or to economies 
of  scale. In this paper we do not explore the possibility of  the latter, 
instead we assume that all differences are due to the non-uniformity 
of  technology across the sample. Is 

We have calculated the vector of  vertically integrated labor coeffi- 
cients (v's) for 7 countries and 14 sectors for the years 1959, 1965, 1970 
and 1975 using the UN input-output data base and U N  and OECD 
labor data. 16 The v's are presented in the Appendix Tables A-1 and 

1 ~ We are also, of course, attributing all changes in input use to technical change, as 
opposed to the neoclassical distinction between shifts of and movements along the 
production function. 
16 See United Nations [1976] and Organization for Economic Co-operation and Devel- 
opment [1969; 1986]. Purchasing power parity exchange rates are taken from Ward 
[1985]. Details on the data sources and procedures are provided in the Appendix. 
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Table 5 - Coefficients of  Variation of  Vertically Integrated 
Labor Coefficients a 

475 

Sector 1959 1965 1970 1975 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

" The countries included in 
Portugal. 

.4599 .5035 .4413 .6567 

.8438 .7266 .6061 .9444 

.8454 .5754 .9839 .3826 

.3069 .2960 .5408 .7370 

.6414 .4640 .4267 .7390 

.4730 .4511 .3943 .7250 

.5854 .3887 .2960 .4866 

.5946 .7187 .5156 .7259 

.5465 .4003 .4011 .6207 

.7297 .4382 .3742 .2423 

.6746 .6014 .3460 .2965 
1.1706 1.2936 .2754 .5936 
.7536 .6223 .6222 .6069 
.5722 .5060 .3739 .5290 

this table are Germany, Italy, Japan, Norway, and 

A-2. The matrix of cross-country correlations of the v's is presented 
in Table 4. Note that in almost all instances the correlations are sub- 
stantially different from 1, implying that FIU must be rejected for our 
sample. For example, consider the correlations of each country's v's 
with that of the US in 1965. The significant divergence from unity 
reflects the non-neutral technological differences across countries in 
the sample. It is not surprising, then, that so many of  the studies 
reviewed above get poor results in their test of the factor endowments 
model, since one of its key assumptions, FIU, is invalid. 

If there are significant differences in technology observed for the 
sample set of countries and years, perhaps at least there is evidence 
that these differences are smaller in the more recent years. The coeffi- 
cients of variation for Germany, Italy, Japan, Norway and Portugal 
are presented in Table 5. Comparing the coefficient of  variation for 
each sector over time, we see that over the period of the sample 7 of 
14 sectors diverged. From 1959 to 1965 and from 1965 to 1970, 11 of 
14 sectors converge. However, from 1970 to 1975, 10 of 14 sectors 
diverge. 

The evidence presented suggests that the assumption of F lU does 
not hold up to direct empirical testing. Factor intensities as measured 
by the input matrix have shown only slight convergence over the 
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sample period. The evidence presented at the vertically integrated 
level provides evidence that convergence has not taken place. More- 
over, this analysis shows a clear divergence from 1970 to 1975. Gen- 
erally the results strongly suggest substantial structural change taking 
place between vertically integrated sectors. These structural changes 
become central to the theory of the determination of  trade patterns in 
the next section. 

We are also interested in the extent of the technological difference 
between countries in our sample. To analyze this more closely we 
follow the methodology of Dollar et al. [1988] and develop total pro- 
ductivity ratios. 17 These ratios, presented in Table 6, measure total 
productivity differences in each vertically integrated sector for the 
countries with the widest degree of dispersion. These ratios range 
from 1.86 to 13.75. The median ratio is given at the bottom of each 
year's numbers. The yearly decline of the median does show signs of 
convergence between the most productive and the least productive 
sectors between countries until 1975. In 1975, the median moves back 
almost to its 1965 level. However, taking 1970 as an example, the 
median total productivity differential is still almost 200%, and for 
1975 it is over 250%. The data do not support the assumption of a 
factor intensity uniformity; empirical and theoretical work must ex- 
plain these differences, not assume them away. 

V. Factor Intensity Divergence and International Trade Theory 

The evidence in Sections III and IV rejecting the F lU hypothesis 
is consistent with a number of the other studies reviewed above. While 
the authors often conclude by rejecting the H-O and FPE hypotheses, 
they are at a loss as to where to turn for theoretical help. In this section 
we propose an alternative model using a dynamic Ricardian frame- 
work, following Pasinetti [1981], in which trade flows are driven pre- 
cisely by the differences in factor intensity identified in the previous 
section. The model assumes that the composition of trade is initially 

17 We utilize the vertically integrated labor coefficient while Dollar et al. use value 
added per employee. Countries with the lowest total labor productivity have the highest 
sectoral vertically integrated labor coefficients. Therefore in Table 6 the low productiv- 
ity country is represented in the numerator and the high productivity country is in the 
denominator. For example, in 1975, sector 14, Portugal is the low total labor produc- 
tivity country with a v~ of 0.1679 (from Table A-2), while Norway is the high productiv- 
ity country with a v~ of .04741. The ratio of these numbers is the value reported in 
Table 6. 
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Tab le  6 - Ratio of Vertically Integrated Labor Coefficients 
for 1959, 1965, 1970, and 1975: Highest to Lowest ~ 

Sector 1 9 5 9  Countries 
High/Low 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
Median 

1 9 6 5  Countries 
High/Low 

3.76 [J/G] 3.36 [J/G] 
10.93 [J/N] 11.70 [J/N] 
6.96 [P/I] 4.05 [P/I] 
2.41 [I/G] 2.23 [J/G] 
5.92 [I/N] 3.15 [I/N] 
4.38 [I/G] 3.66 [J/G] 
4.20 [I/N] 2.86 [J/N] 
4.12 [J/N] 6.56 [J/N] 
4.02 [P/N] 2.71 [P/N] 
6.29 [J/N] 3.50 [J/N] 
5.19 [J/N] 3.87 [J/P] 
8.95 [J/N] 10.68 [J/N] 
6.74 [P/N] 4.37 [P/N] 
4.52 [J/N] 4.10 [J/N] 
4.86 3.77 

Sector 1 9 7 0  Countries 1 9 7 5  Countries 
High/Low High/Low 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
Median 

2.97 [P/G] 4.11 [P/G] 
5.97 [G/P] 9.86 [I/P] 

13.75 [I/J] 2.31 [P/J] 
3.60 [P/G] 4.67 [P/G] 
3.28 [J/N] 6.46 [P/N] 
2.37 [J/I] 4.85 [P/I] 
2.41 [P/N] 3.54 [PfN] 
3.44 [G/I] 5.43 [P/l] 
2.44 [P/N] 3.53 [P/N] 
2.87 [G/P] 1.90 [G/N] 
2.28 [J/N] 2.43 [J/N] 
1.86 [P/N] 3.20 [P/i] 
3.65 [P/N] 3.70 [P/N] 
2.69 [P/N] 3.54 [P/N] 
2.92 3.62 

a The countries included in this table are Germany, Italy, Japan, Norway, and 
Portugal. High vertically integrated labor coefficients indicate low labor productiv- 
ity. Thus, the country in the numerator is the lowest total productivity country in 
a particular sector while the country in the denominator is the highest total produc- 
tivity country. 
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based on comparative costs, and that structural change - that is 
changes in the structure of production over time - drives the dynamics 
of international trade. The vertically integrated sector is the basic unit 
of analysis and thus productivity is measured, as above, with the 
vertically integrated labor coefficient. Structural change in the sector 
is measured as the trend in the vertically integrated labor coefficient 
of that sector over time. 

Formally, prices are based on direct and indirect production costs 
in the sector: 

Pi = [6 + ((1/Ti) + (g+si))lki] w, 

where P~= 
t ,= 
T,= 
9 =  
S i 
lki = 
W-~ 

(2) 

price of consumption good i 
direct labor coefficient, sector i 
average life of productive capacity, sector i 
rate of population growth 
rate of per capita demand growth for good i 
labor coefficient for a unit of productive capacity, sector i 
wage. 

Structural change will alter the requirements of production and, 
accordingly, the structure of prices and output. Assuming the rate of 
structural change is exogenously determined, price dynamics can be 
expressed as follows: 

P~(t) + [li(O)e r + ((1/Ti) + (O+ si))lki(O)er (3) 

where Zdi and Zki are the rates of technical change directly in sector i 
and in the production of capital goods for sector i, respectively. The 
evolution of prices thus depends on a weighted average of zai and zki, 
which we will define simply as zi. In general, this sectoral rate of 
technical progress will differ across sectors as well as among rival 
sectors in different countries. If we assume that wages rise with the 
economy average rate of productivity growth, then relative price 
changes result whenever z~ differs from the economy average rate of 
productivity growth (R). 

Trade dynamics are determined by the patterns of structural 
change in rival countries, since such patterns alter relative prices and 
thus relative international competitiveness. In general, if many coun- 
tries are exporting a given good, then sector i in country H will im- 
prove, worsen or maintain its market share as: 

(ZiH/RIt) ~ ( z iw /Rw) ,  (4) 
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where W represents a rival country or rest-of-world sector facing coun- 
try H. We refer to this expression as the Pasinetti Trade Hypothesis 
(PTH), since it is inspired by Pasinetti [1981]. The PTH is based on the 
notion that if the rate of technical change in an industry exceeds the 
national average by relatively more than in the same industry in the 
rest of the world, then the domestic industry will achieve a lower than 
average rate of growth of unit costs. The sector can then lower its price 
and thus increase its share of the world market. 

The PTH lends itself to empirical testing using the notion of verti- 
cal integration applied in the previous section. In particular, note that 
the expression in brackets in (2) is the vertically integrated labor co- 
efficient, that is the equivalent of expression (1) in the previous section. 
Using input-output data we can estimate z i, the rate of "Pasinetti 
technical change," as the rate of change in the v over time: 

vi (t) = v~ (0) (1 + zl)'. 

To date, a lack of a sufficient number of years of input-output data 
from the OECD sample used in the previous section precludes a test 
of the PTH. In an earlier study, Milberg [1991] tested the PTH for 
Canada in the 1961-1972 period, using the US as a proxy for Cana- 
da's world market rivals. He reports estimates of the rate of Pasi- 
netti technical change for the 33 sectors in the US and Canada. These 
rates are presented in their normalized and relative form. In general, 
Si~= zij/Ri is the normalized rate of Pasinetti technical change in a 
sector, where Ri is the average rate of Pasinetti technological change 
in country j. Positive and significant correlation coefficients are re- 
ported between the relative, normalized rates of Pasinetti technical 
change and import penetration trends, lending preliminary support to 
the PTH. 

VI. Summary and Conclusions 

This paper has provided additional evidence to the already signif- 
icant existing evidence against the FIU hypothesis. Our results, while 
preliminary, are notable because they are based on data from compat- 
ible input-output tables for numerous countries for selected years 
between 1959 and 1975. Our method indicates that it is no longer 
necessary to assume FIU in international trade research. More impor- 
tant, our results indicate that for the countries tested and the period 
considered, such an assumption is no longer warranted. Since the 
abandonment of the FIU assumption is equivalent, except in some 
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special cases, to dropping the FPE condition, an alternative to the 
neoclassical model must be sought if trade flows in a world of technol- 
ogy gaps and different rates of technical progress are to be explained. 

We have suggested one such model, using a dynamic, disaggre- 
gated Ricardian framework. The important difference between our 
model and the traditional neoclassical approach is our rejection of the 
notion of capital as an endowed factor of production, in favor of a 
vertically integrated approach in which inputs are produced using 
other commodities. Alternative approaches are, of course, available to 
trade theorists, including models based on product differentiation, 
scale economies, strategic pricing and R&D expenditure. But even the 
most recent generation of trade models will likely not be successful in 
capturing the interaction between technology and trade if they fail to 
consider the significant differences in production structures revealed 
in the simple analysis of the input-output tables from different coun- 
tries. 

Appendix 

A. I n p u t - O u t p u t  T a b l e s  

The A matrices of each country were constructed from the Stan- 
dardized Input-Output Tables of ECE Countries for Years around/959, 
1965, 1970, and/975 published through the United Nations by the 
Economic Commission for Europe. Each transaction matrix for years 
around 1970 and 1975 is aggregated to 24 sectors by the ECE utilizing 
the post-1965 International Standard Industrial Classification (ISIC). 
Most sectors are aggregated to the 2-digit level. Each matrix for years 
around 1959 and 1965 is aggregated to 20 sectors by the ECE using 
the pre-1965 ISIC. 

In order to make the tables compatible with each other and the 
available labor data, certain manipulations of the data were per- 
formed. First, the tables were made compatible. Italy had one sec- 
tor that was not reported in 1970 and 1975, namely other mining 
(ISIC 29); this sector had to be filled in order for the results to be 
comparable between countries. The United Kingdom was missing 
three sectors in 1970 only, metal ore mining (ISIC 23), other mining 
(ISIC 29), and restaurants are hotels (ISIC 63). The methodology to 
develop the Italian sector was to take the data from France and 
assume x~jflliy = xijdl~, where i and j  are standard input-output sectors, 
and y and z are each country. The xi~ for Italy was then divided by its 
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purchasing power parity exchange rate (z/y) to make it conform with 
the rest of  the table. The sectoral output data are derived by assuming 
that xiy/l o = x J l ~ .  Again, this is divided by the purchasing power 
parity exchange rate. The method for deriving the 1970 sectors for the 
United Kingdom assumes the following equality: XiTo/liTo=X~Ts/liT5 
where x is sectorial output and xo7 o is multiplied by the price deflator 
from the United Nation's Statistical Yearbook of 1977, published in 
1978. Each cell is then derived assuming that Xij70/)(j70 ~-Xij75/Xj75. 

The vertically integrated labor coefficients were made compatible 
between countries by converting the country currency denominated 
output to a dollar denominated output, multiplying by the United 
States purchasing power parity exchange rate from Ward [1985]. 
Also, the output was deflated by dividing by a wholesale price index 
(1970 = 100) for general goods published in the Statistical Yearbook of  
1977. 

Second, in order to make the tables consistent with the labor data, 
we aggregated the 24 sectors for 1970 and 1975 and the 20 sectors for 
1959 and 1965 into 14 sectors shown in Table 1. 

2. L a b o r  D a t a  

The labor data used to develop the direct labor coefficients are 
taken from the Yearbook o f  Industrial Statistics, Vol. 1, 1976 edition 
published by the United Nations, and from Labour Force Statistics, 
OECD, 1986. To obtain the missing sector for Italy, the following 
methodology was employed: l o /X  o = liz/X~ for country y and z. 
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4 8 6  W e l t w i r t s e h a f t l i c h e s  A r c h i v  

Z u s a m m e n fa  s s u n g: Internationaler Handel und die Einheitliehkeit der Fak- 
torintensit/iten. Eine empirische ISIberpriifung. - Die Vorstellung, daft in allen Lfindern 
die Technologien identisch sind, ist ein Pfeiler der neoklassischen Theorie des interna- 
tionalen Handels. Empirisehe Arbeiten verwenden h/iufig die Produktionsstruktur ei- 
nes Landes als N/iherungswert ffir die Technologic in allen anderen l.~ndem. Dagegen 
behaupten die Autoren, dab die Annahme einheitlicher Faktorintensitaten aus empiri- 
schen Griinden nicht gerechtfertigt sei und als Grundlage fur theoretische Modelle 
aufgegeben werden sollte. Sic testen, ob die Faktorintensitiiten einheitlich gleich sind, 
indem sie Input-Output-Daten f'tir die OECD-L/inder verwenden. Dann entwickeln sic 
- als eine Alternative zu den Modellen, die auf einheitlicher Faktorintensitfit beruhen - 
ein dynamisches disaggregiertes ricardianisehes Modell, das dazu bestimmt ist, die 
Beziehung zwischen dem technischen Fortschritt und den Veranderungen in der Zusam- 
mensetzung des internationalen Handels zu erfassen. 

R ~ s u m 6: Le commerce international et l'uniformit6 de l'intensit~ de facteur - 
Une 6valuation empirique. - L'id~e de technologies identiques ~ travers les pays est un 
616ment consid6rable de la th6orie n~oclassique du commerce international. Les analy- 
ses empiriques souvent assument la structure de production d 'un seul pays comme 
approximation de la teclmologie darts tousles autres pays. D a m  cette ~tude, les auteurs 
trouvent que la supposition d'une intensit~ de facteur uniforme n'est pas justifi6e pour 
des raisons empiriques et devrait ~tre abandonn6e comme une base d'un module th~o- 
rique. En utilisant des donn6es input-output des pays de I 'OCED, les auteurs font des 
tests simples de l'uniformit6 d'intensit6 de facteur. Comme alternative aux modules 
bas6s sur l'uniformit6 de l'intensit6 de facteur, les auteurs d6veloppent un module 
Ricardian dynamique et disaggr6g6 pour saisir la relation entre le progr6s technolo- 
gique et les changements dans la composition du commerce international. 

R e s u m e n: Comercio internacional y uniformidad de la intensidad de factores. 
Un estudio empirico. - La noci6n de la existencia de igual tecnologia en todos los paises 
es uno de los pilares de la teofia neoclfisica del comercio internacional. En trabajos 
empiricos a menudo se adopta la estructura de producci6n de un pais para aproximar 
la tecnologia en todos los dem~is paises. En este trabajo se argumenta que el supuesto 
de la uniformidad de la intensidad de faetores (UIF) no se justifica desde el punto de 
vista empirico y que debefia ser abandonado como fundamento de los modelos te6ri- 
cos. Se llevan a cabo tests simples de la UIF  utilizando datos de insumo producto de 
los paises de la OECD. Se desarrolla un modelo ricardiano dinhmico y desagregado, 
disefiado para capturar la relaci6n entre el cambio tecnol6gico y los cambios en la 
composici6n del comercio, como una altemativa a los modelos basados en la U I E  


