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Today's lecture

Tests of the Heckscher-Ohlin model

� Leontief (1953) and Leamer (1980)

� Bowen, Leamer and Sveikauskas (1987)

� Treer (1993)

� Treer (1995)
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The factor content of trade
Recall: the Heckscher-Ohlin-Vanek Theorem

� Vector of net export ows: tc = y c � dc

� Net factor content of trade: F c = Actc , which implies

Ac(w c)tc = v c
� Ac(w c)�c(pc)Y c

� Where �c(pc) is the expenditure share on each good

� If we have free trade (pc = p), identical technology (Ac = A), indentical
test (�c = �), and factor endowments inside the FPE set so FPE holds
(w c = w), then HOV equalition simplify to:

F c
� A(w)tc = v c

� scvw
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Test of HO model: An side

To perform a complete test need data on

- trade (t i )

- technology (A)

- endowment (v i )

Not available until quite recently, so a lot of tests were \incomplete"
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Test of HO model: An side

In reality, production uses intermediates:

� This means (for example) that the capital content of shoe production
includes not only the direct use of capital in making shoes, but also the
indirect use of capital in making all upstream inputs to shoes (like
rubber).

� Let A(w) be the input-output matrix for commodity production. And let
B(w) be the matrix of direct factor inputs.

� Then, if we assume that only �nal goods are traded (it takes some
algebra, due to Leontief, to show that) the only change we have to make
to the HOV theorem is to use �B(w) � B(w)(I � A(w))�1 in place of
A(w) above.
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Test on HOV equations

How do we test �B(w)tc = v c � scvw?

� This is really a set of vector equations (one element per factor k).

� So there is one of these predictions per country c and factor k.

� There are of course many things one can do with these predictions, so
many di�erent tests have been performed.
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Leontief (1953) and Leamer (1980)
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Leontief's Paradox

� The �rrst work based on the NFCT was in Leontief (1953)

� Circa 1953, Leontief had just computed (for the �rst time), the
input-output table (which delivers AUS(wUS) and BUS(wUS)) for the
1947 US economy.

Lecture 4: Factor Proportion Empirics Yuan Zi (UiO) 8/34



Preview Leontief 1953 & Leamer 1980 Bowen, Leamer and Sveikauskas (1987) Treer (1995)

Leontief's Paradox

Leontief then argued as follows:

� Leontief's table only had k and l inputs (and 2 factors was the bare
minimum needed to test the HOV equations).

� He used �BUS(wUS) to compute the k=l ratio of US exports:
FUS
k=l;t �

�B(w)k=l t
US = 13,700 per worker.

� He didn't have �Bc(w c) for all (or any!) countries that export to the US
(to compute the factor content of US imports), so he applied the
standard HO assumption that all countries have the same technology
and face the same prices and that FPE and FPI hold. Hence:
�BUS(wUS) = �Bc(w c); 8c

� He then used �BUS(wUS) to compute the k=l ratio of US imports:
FUS
k=l;m �

�B(w)k=lm
US = 18,200 per worker.

The fact that FUS
k=l;m > FUS

k=l;t was a bit surprise, as everyone assumed the US
was relatively K-endowed relative to the world as a whole.
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Leamer (JPE, 1980)

Leamer (1980) pointed out that Leontief's application of HO theory, while
intuitive, was wrong if either trade is unbalanced, or there are more than 2
factors in the world.

� Either of these conditions can lead to a setting where the US exports
both k and l services|which is impossible in a balanced trade, 2-factor
world. It turns out that this is exactly what the US was doing in 1947.

In particular, Leamer (1980) showed that the intuitive content of HO theory
really says that:

�
KUS

LUS >
KUS

�FUS
k

LUS
�FUS

l

, where FUS
i � �B(w)i t

US is the factor content of US net

exports in factor i.

� This just takes a ratio of HOV equations, for two factors (k and l). HOV
equations just say that, for any factor, the factor content of production
has to be greater than the factor content of consumption.

� But HOV does not necessarily say that the factor content of exports
should exceed the factor content of imports, as Leontief (1953) had
tested.
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Bowen, Leamer and Sveikauskas (1987)
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Bowen, Leamer and Sveikauskas (1987)

\Sign test"

sign(F c
f ) =sign(v

c
f � scvw

f )

\Rank test"

F c
k > F c

l ) v c
k � scvw

k > v c
l � scvw

l
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Bowen, Leamer and Sveikauskas (1987)

Data for 27 countries, 12 factors

Sign test: ok in about 61% of the cases

Rank test... 49% of the cases

! Very disappointing... purely random pattern of trade would give you 50%
of good matches...

Why such a failure?
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Bowen, Leamer and Sveikauskas (1987)
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Bowen, Leamer and Sveikauskas (1987)
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Treer (1993)
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Treer (1993)

� Starting point: HOV assumptions are violated

- no FPE (at all!)

- Di�erent technologies across countries

� Leontie� himself suggested that his \paradox" could be explained by
productivity di�erences

� Not strictly speaking a test of HOV, but shows that Leontie� may be
right: productivity di�erences can explain the failure of the empirical
tests of HOV
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Treer (1993)

� All factors can di�er in their productivity (USA is chosen as a
benchmark; productivity 1 for all factors)

� E�ective endowment of factor f in country c is therefore:

ev c
f = �c

f v
c
f where �c

f is the productivity of factor f

� No more FPE equalization but "conditional FPE"

� Let eF c � eAtc , eA is the e�ective factor adjusted technology matrix :

eF c
f = �c

f v
c
f � sc

CX
j=1

�j
f v

j
f ; f = 1; ::F ; c = 1; :::;C (1)

w c
f

�c
f

=
w c0

f

�c0

f

; f = 1; ::F ; c ; c 0 = 1; :::;C (2)
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Treer (1993)

Data for year 1983, for 33 countries, 10 factors

Uses equation (1) to compute the �c
f , i.e. technology / productivity

parameters

In doing so, cannot assess the �t of the model with the trade / endowment
data but:

� If the �c
f are negative, bad �t

� Can test for FPE
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Treer (1993)

� Conditional Factor Prices equalization approximately hold

- For labor lnw c
l = �0;18 + 0;678 ln�c

l R2 = 0;9

(R2 = 0;6 for capital)

- Smaller correlation for capital: measurement problems

� Is it consistent with Leontief idea?
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Treer (1993)
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Treer (1993)
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Treer (1993)
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Treer (1995)
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Treer (1995)

Two advances in understanding about NFCT:

� Identi�es 2 key facts about the NFCT data, which isolate 2 aspects of
the data in which the HOV equations appear to fail. (Previous work
hadn't said much more than, `the HOV equations fail badly in the
data.')

� Explores how a number of parsimonious (as opposed to the approach in
Treer (1993) which was successful, but deliberately anything but
parsimonious!) extensions to basic HO theory can improve the �t of the
HOV equations.
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Fact 1: \The Case of the Missing Trade"

Consider a plot of HOV deviations (de�ned as �cf � F c
f � (v c

f � scvw
f ))

against predicted NFCT (ie v c
f � scvw

f ): Figure 1.

� The vertical line is where v c
f � scvw

f = 0:

� The diagonal line is the `zero [factor content of] trade' line: F c
f = 0, or

�cf = �(v
c
f � scvw

f )

This plot helps us to visualize the failure of the HOV equations:

� If the `sign test' always passed, all observations would lie in the top-right
or bottom-left quadrants. (They don't.)

� If the HOV equations were correct,�cf = 0, so all observations would lie
on a horizontal line. (They de�nitely don't.)

� Most fundamentally, the clustering of observations along the `zero
[factor content of] trade' line means that factor services trade is far
lower than the HOV equations predict. Treer (1995) calls this \the case
of the missing trade."
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Fact 1: \The Case of the Missing Trade"
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Fact 2: \The Endowments Paradox"

Treer (1995) then looks at HOV deviations by country: Figure 2

� Here he plots the number of times (out of 9, the total number of factors
f) that �cf < 0

� Because F c
f is so small (Fact 1), this is mirrored almost one-for-one in

v c
f � scvw

f > 0 (i.e. country c is abundant in factor f)

The plot helps us to visualize another failing of the HOV equations:

� Poor countries appear to be abundant in all factors.

� This can't be true with balanced trade, and it is not true (in Treer's
sample) that poor countries run higher trade imbalances.

� So this must mean that there is some omitted factor that tends to be
scarce in poor countries.

� A natural explanation (a la Leontie�) is that some factors are not being
measured in `e�ective (ie productivity-equivalent) units'.
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Fact 2: \The Endowments Paradox"
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Treer (1995): Altering the Simple HO Model I

Treer (1995) then (extending an approach initially pursued in BLS,1987)
seeks alterations to the simple HO model that:

� Are parsimonious (ie they use up only a few parameters, unlike in Treer
(1993)).

� Have estimated parameters that are economically sensible (analogous to
considerations in Treer (1993)).

� Can account for Facts 1 and 2.

� Fit the data well (in a `goodness-of-�t sense): eg success on sign/rank
tests.

� Fit the data best (in a likelihood or model selection sense) among the
class of alterations tried. (But the `best' need not �t the data `well').

Lecture 4: Factor Proportion Empirics Yuan Zi (UiO) 31/34



Preview Leontief 1953 & Leamer 1980 Bowen, Leamer and Sveikauskas (1987) Treer (1995)

Treer (1995): Altering the Simple HO Model II

The alterations that Treer tries are:

� T1: restrict �c
f in Treer (1993) to �c

f = �c . (`Neutral technology
di�erences').

� T2: restrict �c
f in Treer (1993) to �c

f = �c�f for less developed
countries (y c < �, where � is to be estimated too) and �c

f = �c for
developed countries.

� C1: allow the sc terms to be adjusted to �t the data (this corrects for
countries' non-homothetic tastes for investment goods, services and
non-traded goods).

� C2: Armington Home Bias: Consumers appear to prefer home goods to
foreign goods (tastes? trade costs?). Let ��c be the `home bias' of
country c.

� TC2: �c = yc=yUS and C2.
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Treer (1995)

By most tests, TC2 (neutral technological di�erences with Armington home bias)
does best. Sign test is nearly perfectly accurate, mysteries improved considerably.
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