Revisiting Leontief's Paradox

Abstract

According to the popular Heckscher-Ohlin model of international trade, a country is
expected to export (import) those products whose production requires the intensive
use of the factor of production in relative abundance (scarcity). Leontief (1953) using
input-output data of the US economy for the year 1947 found that the US, an
overwhelmingly capital-abundant country, exported labour-intensive products and
imported capital-intensive ones. Clearly, the results contradicted the predictions of the
Heckscher-Ohlin model and they were characterized as “Leontief’s paradox”. A
number of explanations for the so-called paradox were offered and this paper briefly,
but critically, evaluates these explanations as it examines whether or not the Leontief's

results persist in the case of the US economy during the period 1998-2012.
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1. Introduction

According to Heckscher-Ohlin (hereafter H-O) model, a country will export those
goods that they use intensively the abundant and therefore, the relative cheap factor of
production while it will import goods that use its scarce factor. Leontief (1953) tested
empirically the H-O model for the US economy, an unquestionably capital-abundant
country, and to his surprise, the results suggested that the US exports labour-intensive
products and imports capital-intensive ones. Leontief in vain sought to provide
credible explanations for these contradictory and, at the same time, disturbing for the
H-O model results, soon, however, he realized that the problem was not the results,
but the premises of the H-O model. By contrast, neoclassical economists spent a great
deal of time and effort explaining such upsetting empirical results that persisted over
the years and they were repeated in many countries and instead of questioning the
fundamental premises of the H-O model, they characterized the results as “Leontief
Paradox” which gradually became an integral part of the international trade theory. In
addition, the Leontief paradox led many of the neoclassical economists either to relax
some of the assumptions of the H-O model or to advance altogether new trade
theories based on monopolistic competition and intra-industry trade.

In the present paper, we revisit the Leontief’s paradox and test whether it holds
true in the face of recent input-output data for the US economy spanning the period
1998-2012. The remainder of the paper is organized as follows: Section 2 reviews the
core propositions of Leontief’s Paradox and briefly but critically evaluates the
pertinent literature. Section 3 presents the methodology with the aid of which the
capital and labour content of the US exports and imports are estimated. Section 4

discusses the empirical results. Finally, Section 5 makes some concluding remarks.

2. The Leontief Paradox in the Literature

According to neoclassical theory of value, relative prices reflect relative scarcities of
factors of production; hence, a country would be able to produce relatively cheaper
the goods that use intensively its abundant factor of production and by trading with
one another to realize economies of scale and therefore to increase both their
production and consumption possibilities; thereby, rendering international trade and

specialization beneficial to all countries involved (Krugman, et al., 2011, p. 24). At



different stages, these hypotheses, which comprise the H-O model, have been
supplemented by additional assumptions such as the introduction of non-reproducible
factors of production i.e., land and the homothetic tastes (Vanek, 1963) or the factor
price equalization theorem (Samuelson, 1948).! In our presentation, we employ the H-
O model in its original terms according to which all trading countries employ the
same technology.

Leontief (1953) in his investigation utilized input-output data at 50x50 industry
detail of the US economy for the year 1947. Furthermore, he divided the industries
into two major categories, capital-intensive and labour-intensive and proceeded with
the estimation of the capital and labour content of imported and exported goods
expressed in millions of US dollars. The results showed that the US, a capital
abundant country, exported on average labour-intensive products and imported
capital-intensive ones. Leontief was rather sympathetic to the premises of H-O model
and sought to reconcile his empirical results with the predictions of the H-O model by
claiming that the efficiency of the US workers was approximately three-times higher
than that of the respective foreign ones.” And in so doing he essentially treated the US
as a labour instead of a capital abundant country (Leontief, 1953, p. 344).> The higher
efficiency hypothesis of the US workers was tested by Kreinin (1965) and the results
showed that, under the same conditions of work, the US labour is at most 25 percent
more efficient than that of abroad, thereby rendering Leontief's hypothesis unrealistic
at least.

Among the first who objected Leontief’s findings was Swerling (1953) who
claimed that the year 1947 was by no means typical for the US economy which was
still under the shock of World War IL* In addition, he argued that the estimations of
capital and labour intensities were fraught with problems caused by not considering

the capital-labour ratios of the countries from which the US economy imports.

U This is the reason why sometimes Vanek’s name is appended to the H-O (the H-O-V model) and
some other times to Samuelson’s name (the H-O-S model).

2 Given the same capital-labour ratio, Leontief attributed the superior efficiency of US labour to
differences in entrepreneurship, working conditions and, in general, the economic culture of the US
economy.

3 Leontief (1956) repeated his test for the same year at a higher (192x192) industry detail and derived
results similar to his first study.

4 The War-shock does not change the expected outcome because one could argue that the War
weakened Leontief’s results. In any case, the War as a “cause” of the so-called paradox was more a
speculation rather than an explanation.



Ellsworth (1954) argued that the paradoxical findings arise because the estimated
factor content of imports in the Leontief kind of empirical studies are rather import
replacements. More specifically, given that the US is a capital-abundant and labour-
scarce country, it is possible that the imported products to be capital-intensive
domestically, but labour intensive abroad rendering thus the Leontief studies
inappropriate to estimate the true factor content of imports. These results have been
characterised as factor-intensity reversals and they are not to be confused with those
derived in the famous capital theory controversies in the 1960s. The latter, as is well
known, have shown that a change in the distributive variables may lead to changes in
relative prices and the subsequent revaluation of capital may change the
characterization of an industry from capital to a labour-intensive or vice versa. The
implications of the capital theory controversies in the neoclassical theory of
international trade have been shown mainly by Steedman and Metcalfe (1977) and
Steedman (1979). More specifically, Steedman and Metcalfe (1977) argued that in the
case of non-produced factors of production (i.e., land and labour) there are no
reversals in factor intensities and the H-O model still maintains its sway. But the same
does not necessarily hold true in the presence of produced factors of production
(heterogeneous capital) and labour, where factors intensity may change theoretically,
at least, more than once. In such a case, the neoclassical trade model is misspecified
for it is impossible to determine factor intensities and factor endowments in any
logically consistent way (Steedman, 1979). The empirical research has further shown
that factor intensity reversals are not only theoretically possible, but they are observed
in actual economies, albeit the frequency of their occurrence is rather low (e.g.,
Leontief, 1985; Han and Schefold, 2006; Tsoulfidis and Mariolis, 2007).

On the other hand, Pasinetti (1981, pp. 187-188) challenged Leontief's empirical
findings by arguing that there is no paradox at all for the reason that the capital-labour
ratio, an index of mechanisation, was mistakenly taken as an index of capital
intensity. According to Pasinetti, the proper index of capital intensity would be the
capital-output ratio. Clearly, Pasinetti (1981) contended that the US is a more
mechanised economy than the rest of the world and this is reflected in the capital-
labour ratio, but there is no evidence whatsoever for the US capital-output ratio, that
is, Pasinetti's proper index of capital intensity will be higher, on an average, than that

of the rest of the world.



Another criticism in Leontief’s findings is rooted in the demand side of the market.
According to this criticism, US consumers prefer qualitatively better products which,
is speculated, are capital-intensive. It is important to point out that the H-O’s model
fundamental assumption of similar consumer preferences internationally does not rule
out differences in consumption patterns across countries.’ The rationale is that as
income rises people tend to spend proportionally less on food consumption (labour-
intensive commodities) and more on qualitatively superior and therefore, capital-
intensive commodities (Engel's law). Since, the per capita income of the USA is
amongst the highest in the world, the rising spending on qualitatively superior, and
therefore, capital-intensive commodities by the US citizens is speculated that led to a
rising relative price of capital, despite the capital abundance character of the US
economy. Such a change in the price of capital relative to consumption goods might
explain the unexpected trade patterns found in Leontief’s and other similarly-
motivated studies. On further examination, however, such a twist in factor intensities
due to the change in spending pattern towards capital-intensive goods by the US
citizens is not certain at all. It has been argued that qualitatively superior goods are
more likely to be labour-intensive rather than capital-intensive. The idea is that the
latter are usually machine-made produced massively in large-scale factories. In any
case, the alleged difference in spending patterns in the USA might be an interesting
hypothesis to test empirically; however, there is no enough intuition behind it and
some of the very early pioneering empirical studies on this issue did not lend support
to such a hypothesis (Houthakker, 1957).

Buchanan (1955) questioned Leontief’s data by arguing that capital’s lifetime may
differ in various industries; for instance, two capital goods which are used to produce
the same value of output (the first with a lifetime span of, say, four years and the
second with ten years), although are treated as if they are the same in Leontief’s
hypothesis, they are not since the first capital good is more capital-intensive.
Buchanan’s critique is justified, but it is unlikely that improved estimates of capital
stock would overturn Leontief’s results. Diad (1956) and Vanek (1963) challenged
Leontief’s findings by arguing that they would have been different had Leontief

accounted for natural resources. Vanek (1963) found that products imported to the US

> This hypothesis appears to contradict Samuelson's factor-price equalization theorem because people
(unlike capital) are not freely mobile between countries. On closer examination, however, the
international differences in consumption patterns might be explained, if besides wages we include the
income from profits spent on consumer goods.



were primary-input intensive which leads to an overestimation of the use of capital to
the extent that the latter is difficult to be separated from natural resources.
Consequently, by restricting the economy’s endowments only to capital and labour
and by not accounting for oil and other natural resources, Leontief’s method fails to
fully capture the real dimension of product’s input component. That is, if we consider
natural resources as a factor of production, then the US might import natural
resources-intensive goods (the relatively scarce factor of production) and might export
capital and labour-intensive goods (the abundant factors of production relative to
natural resources).® It is important to note that the inclusion of natural resources
together with the ranking of factors intensity in the face of more than two factors of
production remain challenging issues.

Baldwin (1971) argued that the introduction of human capital in the discussion
weakens the Paradox although it does not eliminate it completely. Stern and Maskus
(1981) tested the US trade patterns using natural resources, industry shipments and an
index for human capital.” Their results confirmed the Leontief paradox for the year
1958, but not for the year 1972; the reason is that in the meanwhile the “US may have
become more abundant in physical capital relative to human capital between 1958 and
1972”. On the other hand, Stern and Maskus (1981, p. 223) identified a significant
negative impact of unskilled labour on their estimates of factor content which, in their
opinion, reflect the fact that export industries rely relatively more on the abundant
factor of human capital. Their argument is that the US is endowed with more human
capital, because of its expenditures on education and health which are embodied in
US labour. Thus, the US exports are human-capital-intensive and in a two-factor
model appear to be labour-intensive. The trouble with this argument is that the notion
of human capital can be hardly thought as a proper primary factor of production
(Tsaliki, 2008).

Leamer (1980) examined trade patterns for many countries and factors of
production and goods and argued that it is not exactly right to test the H-O model by
simply comparing the factor content of an economy's exports and imports.

Furthermore, Leamer defined the factor abundance (or scarcity) of a country by the

® The trouble with such explanation is that although the US oil-fields are not as rich as those in the
Middle-East and some other oil-producing countries, it is hard to accept that the US is poor in natural
resources or innovations that may create natural resources such as for instance the production of oil or
gas through the shale fracking technique.

" They used an index which captures the skilled and unskilled labour. Their index is constructed using
the discounted industry-wage differential following Branson and Monoyios (1977).



capital-labour ratio in net exports depending on whether this ratio exceeds (or falls
short) of the capital-labour ratio in domestic consumption. As a consequence,
Leontief’s data, according to Leamer (1980, pp. 495-496) show that for the year 1947
the USA's net exports were more capital-intensive than the consumption expenditures
of the same year suggesting that the US economy was in effect more capital than
labour-abundant. Clearly, Leamer redefined the problem and the issues contained in
the original Leontief's study.

Wolff (2004) working in the spirit of Leontief’s initial study found that the
“paradoxical results” continue to hold true for the benchmark input-output data of the
US economy spanning the period 1947 to 1996. However, he argued that with the
passage of time the paradox gets weaker and by projecting his findings into the future,
he speculated the possible removal of the paradox in the US economy. Our article
inspired by the same approach addresses the issue starting from where Wolff’s study
ended using more recent input-output data, and in so doing it provides an answer to
the question of whether or not Leontief's paradox is strengthened or weakened with
the passage of time. Table 1 below summarizes the findings of various studies testing

the Leontief’s Paradox for a number of countries and years.

Table 1: Summary of studies

Country or Confirmation of

Author Year c0untr3i,es Leontief’s Paradox
Leontief 1953, 1956 USA yes
Stolper and Roskamp 1959 East Germany no
Wahl 1961 Canada yes
Bharadwaj 1962 India yes
Baldwin 1971,1979 USA yes
Hirsch 1979 28 countries no
Leamer 1980 USA no

Tatemoto and

Ichimura 1959 Japan yes

Stern & Maskus 1981 USA 1958, yes; 1972, no
Tsao 1980 USA, Taiwan yes

Bowen,.Leamer and 1987 USA anc} 27 Reject the H-O-V
Sveikauskas countries
Duchin 1990 USA yes
Trefler 1993, 1995 33 different countries yes
Davis et al. 1997 Japanese regions no
Hakura 2001 Various countries no
10 OECD countries
Davies & Weinstein 2001 and the rest of the yes
world aggregated

Wolff 2004 USA yes




3. Methodology and Data

In our study, instead of assuming a priori that the US economy is a capital-abundant
country, we used data on capital stock and employment® in the effort to compare the
US capital-labour ratio relative to that of other countries. The idea is that if the US
capital-labour ratio is above the world average, then according to the H-O model, the
US should export capital-intensive products and import labour-intensive ones; if the
converse holds true, then the Leontief’s paradox is ascertained.

We estimate the world capital intensity per decade spanning the period 1950-2010.
In Table 2, we display the summary results for the top 15 countries for which data on
net capital stock and employment are available. The last row of Table 2 reports the
world's average capital-labour ratio in million of US dollars of 2005. Our estimates
confirm that the US is an overwhelmingly capital-abundant country as this is

indicated by the results displayed in Table 2.

Table 2: Countries with capital-labour ratio higher than the world’s average in 2005 USD

1950-1959 1960-1969 1970-1979 1980-1989 1990-1999 2000-2009
Capital- Capital- Capital- Capital- Capital- Capital-
Coun Coun Cou Cou Coun
Country labour labour labour labour labour labour
try try ntry ntry try
ratio ratio ratio ratio ratio ratio
USA 116451.47 LUX 158358.92 QAT 773537 QAT 403900.67 | BRN 311600.03 QAT 406855.34
AUS 111944.32 USA 148749.01 SAU 210723.18 BRN 315390.36 | QAT 295968.35 BRN 316142.01
LUX 108319.54 AUS 131294.79 BHR 207889.3 BHR 230062.52 LUX 245901.43 SGP 294474.79
ISL 60733.59 ISL 88502.73 LUX 189784.89 SAU 229957.16 ITA 242034.83 ITA 277143.69
BEL 58973.53 NOR 81792.44 USA 178340.39 LUX 228017.8 BHR 241827.45 LUX 271913.97
CAN 54809.04 NLD 80113.97 KWT 173761.52 LBN 210770.57 FIN 223787.52 BHR 269397.14
CHE 54745.04 CHE 78370.71 AUS 146001.11 USA 197899.18 | USA 220534.25 JPN 261584.86
ARG 53263.57 BEL 77946.32 NLD 133655.17 ITA 187947.08 | SAU 210428.43 USA 260018.69
NOR 52654.17 ARG 73988.33 ITA 132197.93 AUS 180469 FRA 209758.71 HKG 252502.25
VEN 52412.37 FRA 73489.96 ISL 125826.58 FRA 171434.41 | AUS 207089.89 FIN 244962.94
NLD 52390.94 DNK 71524.49 FRA 125429.3 NLD 169875.98 BEL 206198.53 BEL 244637.26
ECU 48669.74 ITA 71214.99 NOR 122030.96 KWT 166087.09 | AUT 204365.77 AUS 240491.33
GBR 47822.89 CAN 71056.69 CHE 117991.27 GAB 163739.62 JPN 204019.3 KWT | 239563.72
DNK 47605.6 VEN 70846.97 BEL 116258.72 NOR 163593.94 | NOR 200924.4 NOR 236947.88
NZL 45688 cYP 70101.83 DNK 115046.83 BEL 161064.83 SGP 197981.43 AUT 236299.92
World
42149.23 35932.96 59488.65 61733.02 68017.72 82061.88
Average

Source: Authors’ calculation

8 Feenstra, Robert C., Robert Inklaar and Marcel P. Timmer (2013), "The Next Generation of the Penn
World Table" available at www.ggdc.net/pwt




Having established on the basis of available data that the US is a capital-abundant
economy we test the predictions of the H-O model using input-output data from the
Bureau of Economic Analysis.’ Since our analysis will be intertemporal we deflate
our vectors and matrices in terms of the base year 2005 (Dietzenbacher and
Temurshoev, 2012, p. 2, see the Appendix for details). Total capital requirements are
estimated by the ratio of net capital stock per unit of output for each industry.
Employment requirements are obtained by dividing the total labour hours in millions
that individuals contribute to the production of each industry by its corresponding real

gross output.
Thus, the direct and indirect capital and labour requirements for exports, L,, and
imports, L,,, we work as follows:
K[I-A]"1x

Lx = m and Lm

__ K[I-A]"!'m

"~ 1[I-A]"'m

Where x is the column vector of export shares by industry; m is the column vector of
imports shares by industry; I is the identity matrix; [I — A]~? is the Leontief inverse; k
is the row vector of net capital stock coefficients per unit of output; and 1 is the row
vector of direct employment coefficients. Hence, in our treatment of capital, we
restrict ourselves to the marginalist view according to which the intermediate goods or
what is the same thing circulating capital is excluded from the definition of capital
proper for reasons of double counting. The proper treatment of capital goods though
should include all the produced means of production, that is fixed capital along with
the stock of materials used up in production (or circulating capital). Thus, the
numerators of the above fractions indicate the fixed capital content of exports and
imports, whereas the denominators indicate the respective labour content of exports
and imports. In so doing, we in effect create an economy with two primary factors of
production producing two composite commodities, one designed to capture the factor
content of exports and the other that of imports. Consequently, the hypotheses of H-O

model can be subjected to what we think a fair empirical test.

4. Results and their Evaluation

Tables 3 and 4 present the structure of US exports and imports expressed by industry

shares estimated at current prices for selected top industries over the examined period.

% See the Appendix for the source of data and methods of estimations.



We observe that some industries display a significant decrease in their export shares
over the years. For example, the share of computer and electronic products (industry
13) was rising reaching its peak 16.40% in 2000, and then declined steadily reaching
the level of 6.83% in 2012; however, its status as one of the top exporting industries
remained intact. The petroleum and coal products (industry 24) whose share in total
exports was less than 1% in the first two years of our study, and over the years, it kept
rising reaching the level of 6.5%, in 2012. Table 3 reveals that the US exports are
mainly technology goods (in parentheses the ranking of each industry). There is a
constant contribution of high and medium-high technology exports such as machinery
(industry 12), whose share in 2005 was 8.10%; transport equipment (industry 16)
whose share in total exports attained its maximum at 8.33% in 1998 while some
industries such as for example the motor vehicles bodies and trailers and parts
(industry 15) whose share in the total exports declined from 7.75% in 1998 to 5.71%
in 2012. The computer and electronic products industry (13) displays a decline over
the entire period while the petroleum and coal products (industry 15) increased
markedly in the post-2007 years. The last row of Table 3 presents the correlation
coefficient of the sectoral exports of each year relative to the last year of our study.
We observe that the correlation coefficient remains high above 85%, with small
variability (standard deviation of 4.98% and a coefficient of variation 5.41%)
suggesting moderate changes in the structure of the US exports over the entire period

of our study.
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Table 3: Percentage composition of US exports (current prices)*

Industry 1998 1999 2000 2001 2002 2003 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012

25 Chemical products 7.25% | 7.18% | 7.64% | 7.83% | 8.34% | 8.94% | 9.80% | 9.62% | 9.42% | 9.45% | 9.66% | 9.28% | 9.45% | 9.45% | 9.33%
1
(5) (6) (4) (4) (3) (2) (2) (2) (2) (1) (1) (2) (1) (1) @)

27 Wholesale trade 9.11% | 885% | 9.15% | 8.77% | 8.70% | 8.40% | 855% | 8.61% | 8.84% | 8.78% | 9.38% | 9.29% | 9.24% | 9.24% | 8.78%
(2) (2) (2) (2) (2) (3) (3) (3) (3) (3) (2) (1) (2) (2) (2)

12 Machinery 8.05% | 7.67% | 842% | 8.03% | 7.68% | 7.25% | 8.06% | 8.10% | 8.07% | 8.01% | 7.88% | 6.97% | 7.19% | 7.19% | 7.20%
(4) (4) (3) (3) (5) (5) (4) (4) (4) (4) (3) (4) (3) (3) (3)

13 c°’"p”t:::::lec"°"'c 14.40% | 15.14% | 16.40% | 14.49% | 12.74% | 11.82% | 11.36% | 10.50% | 9.90% | 9.02% | 7.88% | 7.24% | 6.32% | 6.32% | 6.81%
(1) (1) (1) (1) (1) (1) (1) (1) (1) (2) (4) (3) (5) (5) (4)

24 | Petroleum and coal products | 0.93% | 0.95% | 1.25% | 1.22% | 1.19% | 1.38% | 160% | 2.10% | 2.60% | 2.96% | 4.70% | 3.60% | 6.34% | 6.34% | 6.50%
(25) (2)5 (23) (24) (24) (21) (19) (14) (10) (10) (9) (20) (4) (4) (5)

16 Othe;:uai::’::tat'°" 833% | 7.77% | 6.39% | 7.36% | 7.02% | 637% | 5.89% | 6.32% | 6.85% | 6.83% | 6.10% | 6.74% | 5.36% | 5.36% | 5.93%
(3) (3) (6) (5) (6) (6) (7) (6) (6) (5) (5) (5) (7) (7) (6)

15 Motor vehicles. bodies and 7.15% | 7.24% | 7.20% | 7.22% | 7.79% | 7.60% | 7.21% | 6.96% | 6.92% | 6.80% | 6.03% | 4.68% | 5.71% | 5.71% | 5.78%

trailers. and parts

(6) (5) (5) (6) (4) (4) (5) (5) (5) (6) (6) (8) (6) (6) (7)

50 Management of companies 2.97% 3.37% 3.50% 3.98% 4.40% 4.43% 4.36% 4.01% 4.44% | 5.07% | 4.82% | 5.67% | 5.02% | 5.02% | 4.19%
and enterprises (9) (9) (8) (8) (8) (8) (8) (8) (8) (8) (8) (6) (9) (9) (8)

Correlation with 2012 86% 85% 85% 87% 90% 91% 92% 93% 95% | 96% | 98% | 96% | 99% | 99% | 100%

export composition

* Note: Authors’ calculations see Appendix, Table A-2. (in parenthesis the ranking of industries)

Table 4 presents the percentage composition of US imports by major industries. The
import share of computer and electronic products industry (13) ranked high and
remained fairly constant around 14%. The oil and gas extraction industry (3) starts
with a fairly high share in the total imports 4.79% and reaches its maximum 18.51%
in 2008 and then falls to 13.82% in the last year of our analysis. One could speculate
that this fall was because of the recession of 2008; but also by the import substitution
due to technological change in this particular industry. Other important industries are
motor vehicles bodies trailers and parts (industry 15); apparel leather and allied
products (industry 21); petroleum and coal products (industry 24). The last row of
Table 4 presents the correlation coefficient of the sectoral imports to the total volume
of imports which shows a remarkable stability of the composition of the US imports
over the period of our investigation. Over the years, the correlation coefficient
remains high (98.7%) with small variability (standard deviation 4.09% and coefficient
of variation 4.29%), suggesting that there have not been any dramatic changes in the

structure of the US imports during the period under investigation.
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Table 4: Percentage composition of US imports (current prices)*

No industry 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012
; ; ; ; . 1052 | 126 | 13.19 | 1352 | 1851 | 1291 | 1548 | 1548 | 13.82
3 Oil and gas extraction 4'(779)/ o] 3 'f;“ 8'532)/ ’ 8'(357)“ 7'2‘56)“ 9'(232)/ ’ % 7% % % % % % % %
3) @) ) @M @M ) @M @ €5}
Commuter and 1748 | 1860 | 1821 | 1632 | 1522 | |, o | 1419 | 137 | 1340 | 1305 | 1255 | 1389 | 1257 | 1257 | 1234
13 elecg‘;ﬂ‘c‘ e;(j‘c‘l‘um % % % % % o ° % 9% % % % % % % %
P i €8] @ (€8] @ @ €8] €8] @ 2 2 @ 2 ?2) 2
Motor vehicles. 1383 | 1585 | 1410 | 15.18 | 15.04 1347 | 120 | 1193 | 1105 . . . 13
15 bodies and trailers. % % % % % 14&‘)‘ N A 0% % % 9'2331) % 8'?3) g 9'(7; % 9'(736) ol
and parts 2 ?2) 2 ?2) ?2) 2 [€)) (€)) [€)) ) ) [€))
‘ 703% | 751% | 7.23% | 8.44% | 826% | 8.62% | 523 | 838 | g6, | 842% | 9.28% | 9.72% | 9.00% | 9.00% | 8.55%
25 Chemical products @ % % ) 3)
() [©) 4 3 4 4 4 () 4 4 () 4
21 Apparel and leather | 8.65% | 8.54% | 7.90% | 8.69% | 7.98% | 7.80% 7;,/105 6;,28 639% | 6.09% | 5.83% | 640% | 5.85% | 5.85% | 6.07%
and allied products
P 3 [€)) ) 3 () [©) [©) [©) [©) [©) [©) [©) [©) ® [©)
A 710% | 6.84% | 6.14% | 6.17% | 5.40% | 556% | /8 | 389 | so19 | 570% | 5.75% | 5.08% | 5.66% | 5.66% | 5.97%
12 Machinery % %
[©) [©) ©) ©) ©) ©) ©) ©) ©) ©) (9] ©) ©) ©) ©)
9 Petroleumand coal | 1.15% | 1.38% | 2.07% | 2.25% | 1.84% | 2.20% 2;,/70 3;,/73 3.66% | 4.17% | 476% | 3.61% | 449% | 449% | 4.68%
0 0
products 23 2 (13) (13) (13) 12 11 (8) 9) 3) @) (10) ()] @ ()
. 3.98% | 3.44% | 336% | 3.14% | 271% | 236% | S| 333 | 4349 | 407% | 442% | 2.81% | 3.78% | 3.78% | 3.56%
10 Primary metals % %
® [©) ® 10) 10) 109 8 (&) 7 (&) ® 13 ® ® ®
o Food and beverage | 3.11% | 3.20% | 2.81% | 3.26% | 3.23% | 3.34% 3‘;/22 3;,?9 3.00% | 3.02% | 3.19% | 3.63% | 338% | 338% | 3.37%
and tobacco products ° °
P {109 10) 109 [©) [©) ® 10 an an an an [©) 10 10 (&)
" Miscellaneous 483% | 490% | 4.58% | 5.04% | 5.05% | 4.78% 4;,28 4;,2 T a20% | 426% | 405% | 4.16% | 3.50% | 3.59% | 3.32%
anufacturi
manufacturing o lolololololololelolo|lol ol o]|aw
Correlation with 2012 | geor | ggor | 030, | o4% | 93% | 96% | 97% | 99% | 99% | 99% | 98% | 98% | 99% | 99% | 100%
1mp0rl COmpOSl[lOn

* Note: Authors’ calculations, see Appendix, Table A-3.(in parenthesis the ranking of industries)

In Table 5, we observe that over the years the ratio between the capital intensity of
exports and imports widens as it falls from 0.89 in 1998 to 0.85 in 2012 while in 2011
it reached its minimum equal to 0.77. Hence, our results like those derived by Wolff
(2004) —for the benchmark years 1947, 1958, 1967, 1977, 1987 and 1996—ascertain
the Leontief’s paradox; however, unlike Wolff’s speculation about the possible
disappearance of the Leontief’s paradox in the post-1996 years, our results indicate
that the ratio of factor content of exports to imports falls over the years, thereby
strengthening rather than weakening the original Leontief's results.

A referee of this journal suggested testing the sensitivity of the results without the
wholesale industry (27) on the grounds that it is not an industry proper. The reason is
that the output of the wholesale industry is the trade margin allocated over the other
industries as well as over the exported and imported goods and services. The
wholesale trade margin of the exports is by far higher than that of imports (see Tables

A2 and A3) and given that we are dealing (after the year 2000) with a labour-
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intensive industry (see Table A1) which may affect the overall outcome.!® In Table 5
in the second set of three columns, we report the results without the wholesale
industry which paint essentially the same picture, i.e. the US exports are labour and
not capital-intensive. In effect, the difference between the first two sets of columns is
minimal.

We cannot say the same with respect to the oil and gas industry (number 3) which
is one from the top capital-intensive industries (see Table Al) and also its imports
exceed by far its exports (see Tables 4, A2 and A3). The effect of this particular
industry may be mainly responsible for the paradoxical for the H-O theory results.
Thus, the third set of three columns of Table 5 reports the results of our sensitivity
analysis without accounting for the effects of oil and gas industry. We observe that
only for the year 1998 the US exports are labour-intensive, but from the year 1999
onwards our sensitivity analysis shows that the USA might be characterized as
capital-intensive goods exporting country but not overwhelmingly so. The capital-
labour ratio of exports to imports is somewhat above one meaning that with a slight
change in the distribution of income the ever-present likelihood of factor intensity
reversals to occur increases. Furthermore, since we have a ratio a little above one by
11 percent on an average this by no means lends robust support to the H-O model.
The Leontief paradox holds in the sense that the US an overwhelmingly capital-
abundant country exports goods and services whose capital-intensity is only slightly
higher than the capital intensity of the imported goods. Results such as the above
suggest that the rest of the world on an average is endowed approximately with the
same combination of factor endowments as the US economy. We know though that
the US economy's capital-intensity measured by the capital-labour ratio is
approximately three to four times higher than the world average over the years (see
Table 2).

If we continue this hypothetical exercise to exclude both wholesale trade and oil
and gas industries the results shown in the fourth set of columns do not change the
overall picture. The difference between the capital intensity of exported goods relative
to imported increased on an average by 13 percent. Even if that were the case, these
results may provide only fragile support to the H-O model. First, because it is not

permissible to simply assume away industries because of difficulties in definitions

10 The capital and labour-intensities of industries are estimated in terms of vertically integrated
respective coefficients and are displayed in Table Al in the Appendix.
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and estimating methods. Second, a theory must prove itself under the worse for its
premises circumstances and not to eliminate whatever it stands as an obstacle to its
falsification. Third, the above are just average results, and under these circumstances
the likelihood that individual industries switch characterization from capital to labour-

intensive increases considerably.

Table 5: Capital - Labour Ratio of exported and imported goods in the US economy,
1998-2012 per million of constant 2005 dollars.

@® (2) 3) 4)
Year
Lx Lm LyLm | Ly* Lvm* | Lys*/Lm* Ly* Lvm* | Ly*/Lm* Ly* Lwm* Lyx*/Lm*

1998 53.33 60.17 0.89 55.22 59.74 0.92 52.32 49.56 1.06 55.6693 51.508 1.08
1999 57.75 64.81 0.89 61.59 67.78 0.91 56.51 53.40 1.06 60.2043 55.598 1.08
2000 63.23 72.40 0.87 65.16 60.16 1.08 61.02 57.18 1.07 60.1644 56.5074 1.06
2001 84.80 89.52 0.95 84.80 89.52 0.95 81.87 70.41 1.16 81.8664 70.4133 1.16
2002 91.94 102.63 0.90 99.24 107.82 0.92 88.85 80.03 1.11 95.7899 83.6291 1.15
2003 102.53 | 114.59 0.89 110.53 | 120.19 0.92 96.93 86.09 1.13 104.2541 89.7215 1.16
2004 116.74 | 134.84 0.87 129.00 | 145.38 0.89 106.24 94.76 1.12 115.4866 99.5101 1.16
2005 135.23 164.98 0.82 145.61 | 173.28 0.84 117.95 | 104.91 1.12 126.3914 | 109.1446 1.16
2006 148.66 | 190.94 0.78 160.83 | 201.06 0.80 123.84 | 111.58 1.11 132.9886 | 116.1802 1.14
2007 171.29 | 205.13 0.83 168.44 | 205.43 0.82 147.74 | 127.36 1.16 144.5419 | 125.3484 1.15
2008 183.84 | 226.10 0.81 199.37 | 236.99 0.84 146.38 | 132.93 1.10 157.7726 | 138.0145 1.14
2009 171.22 | 219.60 0.78 187.24 | 230.64 0.81 156.75 | 142.81 1.10 170.8085 | 148.8258 1.15
2010 188.25 | 224.50 0.84 194.37 | 233.12 0.83 165.55 | 143.52 1.15 170.6482 | 148.1098 1.15
2011 192.12 | 250.12 0.77 207.91 | 262.53 0.79 168.27 | 160.85 1.05 181.4037 | 167.6052 1.08
2012 196.13 | 230.04 0.85 208.71 | 240.28 0.87 177.49 | 160.18 1.11 187.88 165.03 1.14

Ratio of

2012 to 3.68 3.82 0.96 3.78 4.02 0.94 3.39 3.23 1.05 3.37 3.20 1.05
1998

Average 0.85 0.88 1.11 1.13

Note:(1) indicate estimations including all industries, (2) estimations without the wholesale trade industry, (3)
estimations without the oil and gas extraction industry, (4) estimations without the oil and gas extraction and
wholesale trade industries.

5. Summary and Conclusions

In this paper, we tested whether or not Leontief’s Paradox continues to hold in the
face of recent input-output data for the US economy spanning the period 1998-2012.
We estimated both the capital and labour content of exports and imports of the US
economy and we found that the US on an average exports labour-intensive products
and imports capital-intensive ones, a result which contradicts the predictions of the H-

O model. In other words, our results confirm that the so-called paradox not only
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persists over the years, but it is reinforced with the passage of time. The findings
suggest that the capital intensity of exports and imports falls from the peak of 0.89 in
1998 to 0.85 in 2012 while in 2011 reached its minimum equal to 0.77. As a
consequence, Wolff’s (2004) conjecture for the eclipse of the paradox in the post-
1996 years does not hold true in the face of more recent data.

In our sensitivity analysis, we found that the paradoxical for the H-O results hold
true in the case we assume away the effects of the labour-intensive wholesale trade
industry. It is interesting to note that when we continued our sensitivity exercises by
assuming away the oil and gas industry the results gave weak support to the H-O
model, in the sense that even a slight change in income distribution (e.g., a change in
wages or taxes) may overturn the ratio of capital intensities of exported to imported
goods to a figure smaller than one. The combined effect of both (wholesale trade and
oil and gas) industries gave a deviation from one by 13 percent rendering the Leontief
paradox an issue that continues to raise serious questions about the consistency of
neoclassical theory of value and distribution and its extension to international trade
and this because a theory must be tested under the worse, not the best possible
circumstances.

Finally, our data on exports and imports showed that the structure of the US
economy's trade is characterized by relative stability as this can be judged by the
standard deviation of the shares and the ranking of the industries over the years. Also,
the capital intensities of industries in the US economy during the years of our
investigation displayed an overall rising trend that was interrupted by the great

recession of 2008.
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Appendix: Data and Estimating Methods

The data for the estimation of matrix of technological coefficients A and most of the
other variables are available from the Bureau of Economic Analysis (BEA) site
http://www.bea.gov. More specifically, the BEA provides data at various industry
detail from which we opted for the 65 by 65 interindustry structure. The last four
industries are government enterprises which although they do not engage in
international trade in any direct way; nevertheless, we used them in our estimation in

order to have the complete interindustry interactions. In particular, the BEA site gives
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the Leontief inverse [I — A]~! from which we can derive the matrix of technological
coefficients A truncating the last four rows.

The price deflators are also provided for three-digit NAICS industry in BEA
database using 2005 as the base year. The deflating process is carried out in the

following way:

<p>lA<p>=A

where p stands for the vector of prices and < > expresses the diagonalization of a
vector. The vector of employment coefficients, a is estimated as

a=l<g>"1
where 1 denotes the total hours in millions that individuals contribute to the
production of the value of gross output q of domestic goods and services evaluated in
constant 2005 prices.

For the estimation of the vector of capital stock coefficients, kK, we divide the real
net capital stock of each industry in prices of 2005 (www.bea.gov) by the gross
output, q also estimated at constant prices of 2005. Finally, the column vectors of
exports X and imports m are also available in the input-output tables. The next step
was to form shares of exports and imports by dividing each industry's exports or
imports but the respective total magnitudes.

In Table Al below we display the nomenclature of our 61 industries and their
capital-intensities estimated by the ratio of vertically integrated capital to vertically
integrated employment coefficients. Tables A2 and A3 display the export and import
shares and in the parentheses are indicated the ranking of each industry with respect to

the year 2012.

Table A-1. Classification of industries according to North American Industry Classification System (NAICS) and

the capital-intensity of each industry *

Industry 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

2012

Farms 5.29 3.93 4.72 5.09 5.16 5.88 6.55 7.10 7.06 7.50 9.42 7.09 8.20 10.31

7.68

Forestry, fishing, and

. 2.00 175 1.89 191 1.95 2.07 217 2.55 2.55 2.86 3.70 2.85 4.29 3.51
related activities

2.60

Oil and gas

: 3.13 2.18 5.05 6.02 6.26 9.71 14.24 20.51 25.37 28.65 37.25 18.53 18.77 23.69
extraction

32.24

Mining, except oil 3.26 2551 3.36 3.52 3.79 4.24 4.93 5.65 5.23 7.90 9.68 9.66 939 | 1150

10.43

and gas
5 S"pp""t“?ﬁ::g"es for | o 1.99 238 | 236 273 3.02 3.41 3.88 331 484 | 583 538 | 478 588 | 229
6 Utilities 769 | 48 | 646 | 636 | 842 | 11.60 | 1579 | 1673 | 1837 | 2357 | 28.06 | 23.80 | 25.66 | 30.50 | 20.71
7 Construction 111 | 08 | 111 | 115 | 119 | 132 | 152 | 182 | 181 | 210 | 260 | 248 | 213 | 252 | 1.69
8 Wood products 170 | 152 | 173 | 18 | 191 | 208 | 233 | 268 | 279 | 323 | 405 | 350 | 3.80 | 405 | 3.4
9 | Nonmetallicmineral | 211 | 184 | 216 | 230 | 240 | 268 | 3.08 | 359 | 341 | 454 | 576 | 537 | 541 | 618 | 450
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products

10 Primary metals 252 | 200 | 250 | 272 | 290 | 319 | 377 | 431 | 379 | 565 | 68 | 639 | 640 | 7.73 | 540
1 Fabricated metal 172 | 151 | 177 | 192 | 203 | 221 | 249 | 284 | 268 | 348 | 420 | 379 | 370 | 448 | 329
products
12 Machinery 192 | 179 | 199 | 216 | 228 | 242 | 267 | 294 | 281 | 354 | 413 | 38 | 373 | 440 | 3.45
13 Computer and 354 | 380 | 273 | 286 | 311 | 315 | 319 | 337 | 342 | 337 | 38 | 356 | 320 | 352 | 429
electronic products
Electrical equipment,
14 appliances, and 213 | 189 | 207 | 221 | 230 | 244 | 277 | 312 | 292 | 38 | 449 | 407 | 416 | 489 | 335
components
Motor vehicles,
15 | bodies and trailers, 199 | 190 | 197 | 212 | 219 | 217 | 264 | 301 | 296 | 364 | 439 | 420 | 414 | 48 | 367
and parts
16 | Othertransportation | o | .9 | 197 | 199 | 205 | 210 | 233 | 248 | 242 | 303 | 346 | 300 | 300 | 333 | 355
17 | Fumitureandrelated | o, | yas | o945 | 160 | 173 | 195 | 224 | 220 | 272 | 345 | 299 | 298 | 353 | 336
products
18 M'“e"a"f:’i:; 178 | 163 | 182 | 194 | 204 | 220 | 236 | 266 | 250 | 318 | 366 | 318 | 325 | 396 | 247
Food and beverage
19 and tobacco 279 | 234 | 278 | 301 | 306 | 337 | 38 | 433 | 438 | 514 | 645 | 515 | 551 | 679 | 3.84
products
20 Textile mills and 219 | 200 | 225 | 243 | 254 | 28 | 321 | 372 | 383 | 457 | 578 | 521 | 532 | 640 | 386
textile product mills
21 | Aeparelandleather |\ ) 0 ) gy | 176 | 182 | 205 | 226 | 265 | 277 | 277 | 312 | 284 | 308 | 358 | 336
and allied products
2 Paper products 249 | 217 | 262 | 276 | 2580 | 313 | 358 | 416 | 406 | 512 | 640 | 545 | 562 | 642 | 2.85
23 | Printingandrelated |, |\ 40 | g6 | 181 | 192 | 209 | 239 | 277 | 273 | 327 | 39 | 349 | 352 | 401 | 393
support activities
24 Pe"":ﬁ‘::ui't‘:ma' 3.05 210 | 459 | 518 503 | 827 | 1211 | 1674 | 1863 | 2315 | 3094 | 1531 | 1686 | 2151 | 871
25 | Chemical products 285 | 245 | 315 | 335 | 349 | 403 | 48 | 561 | 560 | 709 | 947 | 762 | 808 | 1027 | 6.20
26 | FPlasticsand rubber 209 | 184 | 220 | 236 | 245 | 274 | 315 | 371 | 363 | 462 | 591 | 494 | 505 | 620 | 7.08
products
27 Wholesale trade 101 | 108 | 118 | 125 | 139 | 148 | 171 | 199 | 198 | 215 | 247 | 206 | 231 | 262 | 3.9
28 Retail trade 145 | 143 | 171 | 184 | 203 | 223 | 268 | 307 | 310 | 355 | 405 | 3.8 | 3.8 | 427 | 3.33
29 | Airtransportation 292 | 269 | 341 | 356 | 367 | 407 | 470 | 578 | 560 | 754 | 1049 | 690 | 7.23 | 897 | 561
30 | Rail transportation 683 | 614 | 789 | 864 | 917 | 10.04 | 1076 | 1131 | 1032 | 14.66 | 17.65 | 18.68 | 1635 | 19.52 | 13.26
31 | Watertransportation | 3.16 | 2.89 | 396 | 415 | 452 | 527 | 611 | 792 | 798 | 896 | 1078 | 660 | 7.62 | 970 | 520
32 | Trucktransportation | 118 | 102 | 138 | 146 | 160 | 177 | 212 | 2588 | 307 | 379 | 534 | 342 | 369 | 460 | 329
Transit and ground
33 passenger 187 | 162 | 217 | 226 | 229 | 246 | 277 | 326 | 329 | 365 | 407 | 339 | 349 | 369 | 297
transportation
34 Pipeline 494 | 441 | s67 | 731 | 742 | 88 | 1262 | 1480 | 1444 | 1734 | 2446 | 2446 | 2674 | 3657 | 2257
transportation
Other transportation
35 and support 151 | 138 | 175 | 187 | 198 | 212 | 229 | 274 | 281 | 346 | 456 | 331 | 350 | 416 | 256
activities
36 Wa'e::‘;:':;"ega"d 098 | 110 | 123 | 149 | 178 | 201 | 195 | 205 | 222 | 246 | 291 | 254 | 261 | 28 | 333
Publishing industries
37 : 156 | 145 | 160 | 180 | 212 | 232 | 259 | 28 | 28 | 311 | 351 | 331 | 317 | 352 | 291
(includes software)
Motion picture and
38 sound recording 379 | 384 | 438 | 505 | 552 | 563 | 633 | 692 | 704 | 802 | 846 | 856 | 818 | 881 | 698
industries
39 Broadcasting and 523 | 491 | 502 | 549 | 583 | 604 | 658 | 697 | 722 | 774 | 847 | 851 | 862 | 928 | 7.96
Information and data
40 ! ) 118 | 144 | 160 | 18 | 219 | 239 | 253 | 28 | 28 | 378 | 413 | 395 | 400 | 452 | 401
processing services
Federal Reserve
a1 | Dbankscredit 175 | 172 | 200 | 221 | 241 | 258 | 203 | 321 | 320 | 370 | 435 | 212 | 420 | 458 | 558
intermediation, and
related activities
Securities,
a2 commodity 1.09 1.29 138 113 1.39 171 2.04 222 2.05 245 257 3.02 265 295 | 2.04
contracts, and
investments
43 | _Insurance carriers 105 | 098 | 118 | 128 | 143 | 156 | 172 | 190 | 184 | 202 | 232 | 203 | 190 | 218 | 180
and related activities
Funds, trusts, and
a other financial 177 | 18 | 190 | 238 | 292 | 325 | 374 | 428 | 417 | 478 | 532 | 573 | 576 | 588 | 482
vehicles
45 Real estate 2492 | 2419 | 27.88 | 31.04 | 3400 | 3717 | 3833 | 38.88 | 4029 | 49.84 | 58.92 | 64.60 | 56.42 | 64.84 | 52.62
Rental and leasing
46 services and lessors 2.24 2.27 2.99 3.61 4.19 4.60 5.21 5.85 6.04 7.10 7.49 7.45 7.39 7.95 6.03
of intangible assets
a7 Legal services 097 | 081 | 094 | 101 | 113 | 135 | 138 | 148 | 157 | 177 | 181 | 165 | 135 | 174 | 097
Computer systems
48 | design and related 062 | 074 | o084 | 095 | 106 | 122 | 143 | 163 | 163 180 | 18 | 175 | 161 | 181 | 073
services
Miscellaneous
49 professional, 104 | 092 | 112 | 119 | 128 | 141 | 158 | 181 | 176 | 197 | 215 | 203 | 18 | 203 | 191
scientific, and
technical services
Management of
50 companies and 162 | 141 | 168 | 173 | 184 | 192 | 221 | 242 | 227 | 253 | 277 | 268 | 260 | 287 | 128
enterprises
51 | Administrative and 08 | 078 | 09 | 092 | 09 | 106 | 127 | 149 | 156 | 178 | 220 | 18 | 166 | 208 | 398

support services
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Waste management

52 and remediation 258 | 220 | 281 | 291 | 297 | 322 | 364 | 400 | 394 | 467 | 535 | 502 | 487 | 550 | 346
services
53 | Educationalservices | 236 | 202 | 274 | 300 | 304 | 330 | 366 | 412 | 412 | 49 | 563 | 533 | 546 | 596 | 144
s4 | Ambulatory health 126 | 113 | 134 | 140 | 120 | 155 | 177 | 201 | 213 | 234 | 240 | 217 | 18 | 218 | 368
care services
Hospitals and
55 nursing and 200 | 180 | 237 | 256 | 274 | 201 | 323 | 367 | 375 | 435 | 458 | 432 | 432 | 473 | 410
residential care
facilities
56 Social assistance 093 | 079 | 107 | 128 | 137 | 151 | 161 | 183 | 1.89 | 215 | 244 | 228 | 289 | 246 | 213
Performing arts,
57 spectator sports, 161 | 126 | 170 | 199 | 211 | 223 | 256 | 290 | 28 | 357 | 390 | 388 | 371 | 396 | 299
museums, and
related activities
Amusements,
58 gambling, and 206 | 183 | 221 | 244 | 261 | 28 | 333 | 38 | 39 | 446 | 530 | 518 | 500 | 542 | 501
recreation industries
59 Accommodation 267 | 329 | 291 | 325 | 354 | 381 | 426 | 474 | 475 | 58 | 727 | 689 | 641 | 694 | 526
60 F:::, ;;:;";f:c:’;d 154 | 138 | 165 | 179 | 191 | 207 | 235 | 276 | 272 | 205 | 342 | 208 | 298 | 344 | 234
61 Other services, 158 | 108 | 162 | 177 | 180 | 199 | 228 | 259 | 263 | 304 | 345 | 314 | 307 | 340 | 283
except government
Average 263 | 236 | 286 | 312 | 336 | 38 | 442 | 505 | 517 | 626 | 760 | 655 | 655 | 771 | 590
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Table A-2. Percentage composition of US exports, with industries ranked by 2012 exports (numbers and ranking of each industry)

industry 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
. 7.25% 7.18% 7.64% 7.83% 8.34% 8.94% 9.80% 9.62% 9.42% 9.45% 9.66% 9.28% 9.45% 9.45% 9.33%
25 Chemical products
(5) (6) (4) (4) 3) (2) (2) (2) (2) (1) (1) (2) (1) (1) (1)
27 Wholesale trade 9.11% 8.85% 9.15% 8.77% 8.70% 8.40% 8.55% 8.61% 8.84% 8.78% 9.38% 9.29% 9.24% 9.24% 8.78%
(2) (2) (2) (2) (2) (3) 3) (3) 3) 3) (2) (1) (2) (2) (2)
12 Machiner 8.05% 7.67% 8.42% 8.03% 7.68% 7.25% 8.06% 8.10% 8.07% 8.01% 7.88% 6.97% 7.19% 7.19% 7.20%
Y (4) (4) (3) @) (5) (5) (4) (4) (4) (4) @) (4) (3) (3) @)
13 Computer and 14.40% 15.14% 16.40% 14.49% 12.74% 11.82% 11.36% 10.50% 9.90% 9.02% 7.88% 7.24% 6.32% 6.32% 6.81%
electronic products (1) (1) (1) (1) (1) (1) (1) (1) (1) (2) (4) (3) (5) (5) (4)
24 Petroleum and 0.93% 0.95% 1.25% 1.22% 1.19% 1.38% 1.60% 2.10% 2.60% 2.96% 4.70% 3.60% 6.34% 6.34% 6.50%
Coal products (25) (2)5 (23) (24) (24) (21) (19) (14) (10) (10) (9) (10) (4) (4) (5)
16 Other transportation 8.33% 7.77% 6.39% 7.36% 7.02% 6.37% 5.89% 6.32% 6.85% 6.83% 6.10% 6.74% 5.36% 5.36% 5.93%
equipment (3) (3) (6) (5) (6) (6) @) (6) (6) (5) (5) (5) 7 @ (6)
Motor vehicles. 7.15% 7.24% 7.20% 7.22% 7.79% 7.60% 7.21% 6.96% 6.92% 6.80% 6.03% 4.68% 5.71% 5.71% 5.78%
15 bodies and trailers.
and parts (6) (5) ) (6) (4 (4) (5) (5) (5) (6) (6) @) (6) (6) (7)
Management of 2.97% 3.37% 3.50% 3.98% 4.40% 4.43% 4.36% 4.01% 4.44% 5.07% 4.82% 5.67% 5.02% 5.02% 4.19%
50 companies and
enferprises (9 (9 (8) (8) (8) (8) (8) (8) (8) (8) (8) (6) (9 (9 (8)
Miscellaneous 1.58% 1.79% 1.15% 1.37% 1.56% 1.30% 1.45% 1.64% 1.80% 1.74% 1.73% 1.94% 1.85% 1.85% 3.71%
professional.
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scientific. and (17) (14) (24) (22) (19) (24) (23) (21) (19) (20) (20) (17) (17) (17) (9)
technical services
19 Food and beverage 3.86% 3.53% 3.40% 3.69% 3.59% 3.60% 3.28% 3.27% 3.14% 3.27% 3.57% 3.67% 3.65% 3.65% 3.68%
and tobacco products (8) (8) (9) (9) (9) (9) (9) (9) (9) (9) (10) (9) (10) (10) (10)
Rental and leasing 4.31% 4.70% 4.68% 4.82% 5.61% 5.65% 6.09% 6.15% 5.44% 5.41% 5.25% 5.41% 5.14% 5.14% 3.28%
46 services and lessors of
intangible assets (7 (7 (7 7 (7 (7 (6) W (7 (7 (7 () (8) (8) (11)
2.19% 1.87% 1.91% 2.03% 2.18% 2.41% 2.41% 1.96% 1.94% 2.35% 2.83% 2.61% 2.78% 2.78% 2.92%
1 Farms
(12) (13) (13) (13) (13) (10) (10) (15) (17) (13) (11) (12) (11) (11) (12)
29 Air transportation 2.71% 2.60% 2.54% 2.34% 2.34% 2.07% 2.23% 2.29% 2.13% 2.18% 2.46% 2.37% 2.48% 2.48% 2.52%
P (10) (10) (10) (11) (10) (12) (11) (11) (14) (14) (13) (13) (13) (13) (13)
37 Publishing industries 1.45% 1.52% 1.56% 1.56% 1.53% 1.44% 1.46% 1.57% 1.57% 1.88% 1.73% 2.14% 1.84% 1.84% 2.14%
(includes software) (20) (18) (17) (17) (20) (19) (22) (22) (22) (18) (19) (15) (18) (18) (14)
10 Primary metals 1.54% 1.37% 1.46% 1.42% 1.33% 1.36% 1.57% 1.82% 2.09% 2.16% 2.30% 1.76% 2.09% 2.09% 2.04%
Y (18) (21) (19) (20) (23) (22) (20) (18) (15) (15) (14) (20) (14) (14) (15)
Securities. commodity 1.06% 1.22% 1.36% 1.40% 1.65% 1.72% 2.20% 2.22% 2.34% 2.57% 2.59% 3.04% 2.68% 2.68% 2.02%
42 contracts. and
investments (24) (23) (21) (21) (17) (16) (12) (12) (12) (11) (12) (11) (12) (12) (16)
Federal Reserve 1.30% 1.33% 1.33% 1.36% 1.45% 1.34% 1.48% 1.43% 1.45% 1.55% 1.71% 1.97% 1.67% 1.67% 1.98%
banks. credit
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intermediation. and (22) (22) (22) (23) (22) (23) (21) (23) (23) (22) (21) (16) (21) (21) (17)

related activities
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s Miscellaneous 1.67% 1.72% 1.88% 2.17% 2.19% 2.13% 2.16% 2.34% 2.34% 2.37% 2.30% 2.27% 2.06% 2.06% 1.92%
manufacturing (15) (15) (14) (12) (11) (11) (13) (1)0 (11) (12) (15) (14) (15) (15) (18)

0 Fabricated metal 1.99% 2.00% 2.04% 1.95% 1.92% 1.83% 1.82% 1.86% 1.88% 1.86% 1.84% 1.80% 1.82% 1.82% 1.83%
products (13) (12) (12) (14) (14) (15) (16) (17) (18) (19) (18) (19) (19) (19) (19)

- Truck transportation 1.72% 1.70% 1.76% 1.84% 1.82% 1.85% 1.94% 1.96% 2.01% 1.98% 2.07% 1.94% 1.86% 1.86% 1.80%
(14) (16) (15) (15) (15) (14) (15) (16) (16) (17) (16) (18) (16) (16) (20)

Electrical equipment. | 0.0220 0.0225 0.0237 0.0237 0.0218 0.0206 0.0214 0.0218 0.0221 0.0207 0.0195 0.0171 0.0177 0.0177 0.0173
14 appliances. and (11) (11) (11) (10 (12) (13) (14) (13) (13) (16) (17) (21) (20) (20) (21)

components
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Table A-3. Percentage composition of US imports with industries ranked by 2012 imports (numbers and ranking of each industry)

Industry 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
3 P 479% | 589% | 8.52% | 837% | 7.46% 9.22% 10.52% | 12.67% | 13.19% | 13.52% | 18.51% 12.91% 15.48% | 1548% | 13.82%
(@) ©) 3) ) ) 3) 3) 2 2 @ @ 2 @ @ @
1 Computer and electronic | 17.48% | 18.60% | 18.21% | 16.32% | 15.22% | 1431% | 14.19% | 13.79% | 13.40% | 13.05% | 12.55% 13.89% 1257% | 12.57% | 12.34%
products @ @ @ @ @ 2 @ @ @ 2 2 @ ()] 2 2
s Motor vehicles. bodies and | 13.83% | 15.85% | 14.19% | 15.18% | 15.04% | 14.34% | 13.17% | 12.10% | 11.93% | 11.05% | 9.81% 8.43% 9.76% 9.76% | 11.13%
trailers and parts 2 2 2 2 2 @ 2 3 3) 3 3) @ 3 3 [€))
’s Chemical products 713% | 751% | 7.23% | 8.44% | 8.26% 8.62% 8.23% 8.38% 8.36% 842% | 9.28% 9.72% 9.00% 9.00% | 8.55%
@) @ ) 4 3 “) ) ) @ @ @ 3) @ @ )
21 Apparel and leather and 8.65% | 8.54% | 7.90% | 8.69% | 7.98% 7.80% 7.15% 6.78% 6.39% 6.09% | 5.83% 6.40% 5.85% 585% | 6.07%
allied products 3) 3) ) 3 “@ o) o) o) o) [®) o) o) o) o) [®)
0 Machinery 710% | 6.84% | 6.14% | 6.17% | 5.40% 5.56% 5.78% 5.89% 5.91% 570% | 5.75% 5.08% 5.66% 5.66% | 5.97%
o) [®) ©) ©) ©) ©) ©) ©) ©) ©) ©) ©) ©) ©) ©)
o Petroleum and coal L15% | 138% | 2.07% | 2.25% 1.84% 2.20% 2.70% 3.73% 3.66% 417% | 4.76% 3.61% 449% | 449% | 4.68%
products 23 o) (13) (13) (13) 12 11 (8) ©) (8) %) (10) o) D )
0 Primary metals 398% | 3.44% | 336% | 3.14% | 2.71% 2.36% 3.47% 3.53% 4.34% 407% | 442% 2.81% 3.78% 378% | 3.56%
[€)] [O) €] (10) (10) (10) 8 ) 7 [O) €] 13 ®) €] ®)
I Food and beverage and 311% | 3.20% | 2.81% | 3.26% | 3.23% 3.34% 3.22% 3.09% 3.02% 3.02% | 3.19% 3.63% 3.38% 338% | 3.37%
tobacco products (10) (10) (10) © © ®) (10) (1) (1) (11) (11) © 10 10 ©
s Miscellaneous 483% | 490% | 4.58% | 5.04% | 505% | 4.78% 4.48% 4.37% 4.22% 426% | 4.05% 4.16% 3.59% 359% | 3.32%
manufacturing ©) (@) (@) (@) (@) (@) (@) (@) 8 (@) (O] (@) [O) (O] (10)
4 Electrical equipment. 324% | 3.44% | 3.24% | 351% | 3.32% 3.24% 3.22% 321% 327% 325% | 3.20% 3.28% 3.20% 320% | 3.30%
R ronents © ® © ®) ® © © (10) (10) (10) (10) (n an an (an
Miscellaneous professional. | 1.54% | 1.72% 141% 1.67% 1.77% 1.77% 1.64% 1.65% 1.94% 2.03% | 2.44% 3.01% 2.72% 272% | 2.89%
49 Sc'e“"f';:",‘ig:s“h“'cal a7 (15) 18 16 14 (15) 16 (15) (13) 14 (13) ((12)) (12) (12) (12)
0 Fabricated metal products | 2240 | 228% | 214% | 231% [ 232% 2.23% 2.28% 2.33% 2.36% 238% | 2.37% 2.27% 221% 221% | 241%
12 12 12 12 12 11 12 12 12 12 14 14 14 14 13
0 Insurance carriers and 0.78% | 087% | 0.86% 1.43% 1.73% 1.83% 1.81% 1.59% 1.86% 2202% | 271% 3.75% 2.42% 202% | 2.18%
related activities 25 25 24 20 15 14 14 16 14 13 12 8 (13) (13) 14
2 Plastics and rubber 155% | 1.65% 147% 1.57% 1.59% 1.63% 1.66% 1.72% 1.69% 1.65% 1.65% 1.74% 1.83% 1.83% 191%
products 16 17 17 18 17 16 15 14 16 16 16 16 15 15 15
6 Other transportation 271% | 2.73% | 246% | 3.03% | 2.36% 2.07% 1.90% 1.85% 1.80% 1.97% 1.96% 1.99% 1.66% 1.66% 1.85%
equipment 11 (11 11 11 (11 (13) (13) (13) 15 15 15 15 16 16 16
2 Alr transportation 191% | 1.92% 1.78% 1.83% 1.46% 141% 1.43% 1.36% 131% 1.26% 1.42% 1.43% 1.29% 1.29% 141%
14 (13) 14 14 20 20 20 20 19 19 17 18 19 19 17
57 Wholesale trade 200% | 1.84% 1.66% 1.80% 1.60% 1.58% 1.48% 1.43% 1.36% 136% | -1.36% 1.36% 1.38% 1.38% 141%
(13) 14 15 15 16 18 19 19 18 18 61 19 17 17 18
| Farms 152% | 1.40% 1.13% 1.24% 1.16% 1.13% 1.01% 1.03% 1.04% 1.10% 1.11% 1.44% 1.36% 1.36% 1.36%
18 20 23 24 24 24 24 24 24 23 21 17 18 18 19
1 Furniture and related 117% | 1.37% 1.34% 1.44% 1.52% 1.59% 1.58% 1.57% 1.52% 1.43% 1.32% 1.32% 1.18% 1.18% 1.18%
products 2 23 20 19 18 17 17 17 17 17 18 20 20 20 20
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0 Textile mills and textile 1.39% 1.39% 1.28% 1.37% 1.40% 1.40% 1.38% 1.35% 1.28% 1.22% 1.15% 1.22% 1.16% 1.16% 1.16%
product mills 20 21 22 22 21 21 21 21 20 20 20 21 21 21 21
i Computer systems design | 0.36% | 0.58% 0.49% 0.57% 0.52% 0.56% 0.55% 0.60% 0.69% 0.72% 0.79% 1.08% 1.06% 1.06% 0.99%
and related services @7 27) @7 (26) (26) (26) (26) (26) (26) (26) 23 23 22 22 22
. Paper products 1.67% 1.65% 1.56% 1.64% 1.46% 1.42% 1.37% 1.30% 1.26% 1.16% 1.16% 1.13% 0.96% 0.96% 0.90%
15 16 16 17 19 19 22 22 21 21 19 22 23 23 23
0 Non-metallic mineral 1.39% 1.49% 1.37% 1.37% 1.26% 1.24% 1.23% 1.23% 1.22% 1.10% 0.98% 0.87% 0.86% 0.86% 0.86%
products 21 19 19 23 23 23 23 23 23 22 22 (24) 24 (24) 24
5 Forestry. fishing. and 0.92% | 091% 0.85% 0.90% 0.86% 0.87% 0.80% 0.76% 0.77% 0.72% 0.75% 0.74% 0.84% 0.84% 0.68%
related activities (24) 24 25 25 25 25 25 25 25 25 (24) 25 25 25 25
¢ Wood products 1.44% 1.63% 1.29% 1.39% 1.35% 131% 1.56% 1.44% 1.25% 0.94% 0.70% 0.61% 0.51% 0.51% 0.57%
19 18 21 21 22 22 18 18 22 24 25 27 (26) (26) (26)
2 Water transportation 0.56% | 0.61% 0.53% 0.54% 0.49% 0.52% 0.53% 0.52% 0.49% 0.57% 0.72% 0.62% 0.43% 0.43% 0.40%
(26) (26) (26) @7 (27) @7 @7 @7 @7 (27) 60 (26) 27) @7 @7
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