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Abstract

It is now widely accepted that when controlling for international differences in production techniques, the
predictions from the Heckscher-Ohlin-Vanek (HOV) theorem are largely satisfied. However, a large
amount of ‘missing trade’ remains. This paper makes two main contributions: Firstly, the HOV is tested
for various production factors including labour by educational attainment levels (high, medium, low) and
capital. Secondly, the paper allows for a more general structure of final consumption in the HOV
framework with technology differences, which reduces the amount of missing trade. We test for the
effects of non-homothetic preferences, home bias of consumption and the role of distance at the country
and industry level. We discuss how this can be tackled in the analytical framework both for a country’s
total exports but also in a bilateral way. Results are shown both for total trade and bilateral trade.
Empirically we draw on the recently released World Input-Output Database (WIOD) and show the extent
of reductions in ‘missing trade’ caused by the various assumptions and restrictions on demand
structures.

Keywords: factor content of trade, Heckscher-Ohlin-Vanek, home bias, non-homothetic tastes,
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1. Introduction

It is now widely accepted that when controlling for international differences in production techniques
the predictions of the Heckscher-Ohlin-Vanek (HOV) theorem are largely satisfied (Trefler, 1993, 1995;
Davis and Weinstein, 2001; Reimer, 2006; Trefler and Zhu, 2010; Nishioka, 2012). However, there still
remains a large amount of "missing trade’, i.e. predicted flows of factors are much larger than the measured
ones. Further, most of the recent papers tested the HOV with only one factor, an exception being Nishioka
(2012) which included both capital and labor. There is of course an older literature including many more
factors (for an overview see Foster and Stehrer, 2010).

The contribution of this paper is therefore twofold: Firstly, the HOV is tested for various production
factors including labor by educational attainment levels (high, medium, low) and capital. Secondly, since
technology differences are accounted for, *'missing trade’ is caused by an imperfect modeling of demand
structures. This paper thus allows for a more general structure of final consumption in the HOV framework
with technology differences and shows the extent to which various assumptions on demand structures reduce
the difference between actual and predicted flows of factor services. In particular, we test for the effects of
non-homothetic preferences, home-bias of consumption, and the relevance of distance at the country and
industry level. We discuss how this can be tackled in the analytical framework both for a country’s total
exports but also in a bilateral way as suggested by Hakura (2001). Empirically we draw on the recently
released World Input-Output Database (WIOD) and show the extent of the reduction in missing trade due
the various assumptions on demand structures.

The analysis requires data on output and the use of intermediates and production factors by industry. In
this section we provide information on a recently constructed database, the World Input-Output Database
(WIOD), that is used to study the value added and factor content of trade (see www.wiod.org). This is
derived from national supply and use or input-output tables which are combined with detailed trade data
resulting in a World Input-Output Table (WIOT). At the industry level the data are combined with further
information obtained from Socio-Economic Accounts (SEAs) data. The WIOTs are therefore a combination
of national input-output tables in which the use of products is broken down according to their country of
origin, national supply and use tables and detailed trade data. The information is collected on an annual
basis from 1995 to 2009 for 59 products and 35 industries. The industry classification follows the ISIC
Rev. 3 classification for non-EU countries, which is compatible with NACE Rev. 1.1 used for EU countries.

The data cover 40 countries (the 27 EU member states, Turkey, Canada, USA and Mexico, Japan, Korea,



Taiwan, Australia, Brazil, Russia, India, Indonesia, and China) which account for about 85 percent of world
GDP. The variables from the SEAs include gross output and value added, final demand expenditures, as well
as employment by educational attainment, and capital compensation. A detailed description of the data is
provided by Timmer (2012).

The paper proceeds as follows. Section 2 introduces the framework as suggested by Trefler and Zhu
(2010) to test the HOV model with technology differences and traded intermediates. This framework is
extended to allow for non-homothetic preferences and for non-proportional expenditure structures of final
demand across countries. In a second step the extension to a bilateral test of the HOV model following
Hakura (2001) is discussed. In Secion 4, the theory is tested for various inputs (capital, high, medium and
low-skilled labor) using various tests. Particular emphasis is given to a regression based test showing which

assumption on expenditure structures reduces the amount of missing trade. Section 5 concludes.

2. The factor content of trade with traded intermediates

In the calculations of the factor content of trade we follow the recent literature that includes the inter-
national flows of intermediates in the factor content calculations. There has been a long debate on how to
incorporate traded intermediates into the Heckscher-Ohlin-Vanek framework starting with Staiger (1986)
and Deardorff (1982). Recently this was discussed particularly by Reimer (2006) and was more recently
tackled by Trefler and Zhu (2010) and Nishioka (2012). We outline the latter approach in this section
and also discuss our approach to allow for different consumption patterns. This was emphasized in Linder
(1961) and more recently in Markusen (1986), Maskus (1985), Maskus and Nishioka (2009), and Nishioka
(2010). Staiger et al. (1987) tested for effects of trade barriers but found no significant improvements in

terms of model predictions.

2.1. Methodological aspects

The calculation of the factor content of trade starts from the international input-output table and the
corresponding coefficient matrix denoted by A which is of dimension NG X NG where N denotes the
number of countries and G is the number of industries. As the WIOD data include N = 41 countries and
G = 35 industries the dimension of this matrix is 1435 x 1435. Using the corresponding data on inputs
(i.e. capital, low, medium and high educated workers) one obtains a direct input coefficient matrix for each
of these four factors by country and industry denoted by D. D is of dimension F X NG with F being the

number of factors considered. We denote a specific row of this matrix by d s which is of dimension 1 X NG.
4



The direct plus indirect input coefficients matrix is given by pre-multiplying the Leontief inverse (I — A)~!
by the direct input coeflicients matrix, i.e. by = d (I - A)~! which is again of dimension 1 X NG. Following
Trefler and Zhu (2010) the trade vector for country r, t", which is of dimension NG X 1, has negative entries
for bilateral imports and positive entries for country 7’s total exports. Thus, for each country the trade vector
is of dimension NG X 1. As argued in Trefler and Zhu (2010) and Deardorff (1982) the proper measure of
the factor content of trade when intermediates are traded is given by t;. = dt" which is the the *Vanek-
consistent’ definition of the factor content of country r’s trade, i.e. t} = V} — s"Vy where VIC is the country
specific endowment of country r with factor f and V; = 3, V} denotes world endowments of factor f. The
share s, is measured as gross domestic product less the value of the trade balance, divided by world gross
domestic product. Trefler and Zhu (2010) argue that former contributions (with the exception of Reimer,
2006) suffer from being either incompatible with the Vanek-relevant definition of the factor content of trade
or are not economically meaningful.

For notational convenience we now skip the subscript f denoting the factor of production under consid-

eration. Country r’s consumption vector is denoted by f” is which is of dimension NG X 1. Each element

s=1,...,C

of this vector shows final demand of country r for product i from country s, i.e. £ =[],y

. Summing
up over all countries r gives world demand for product i from country s; formally, f = 3 , ¥ with a typical
element being f* = 3 ,-1 ¢ fl.s” . A necessary and sufficient condition for a Vanek prediction is bf” = s"bf,
which is referred to as ’strong consumption similarity’ (SCS) and implies (i) homothetic preferences across
countries and (ii) that a country consumes a proportion s of the final goods produced by every country
(as in monopolistic competition models with taste for varieties or models with homothetic preferences and
complete specialization in production for example). In particular, the Vanek prediction holds when allowing
for technology differences across countries as is assumed throughout this paper. This can be compared to the
standard HOV model, which assumes the same techniques across countries. In this case the sufficient con-
dition implies homothetic preferences and that country »’s consumption of goods is proportional to world

consumption of that good without specifying where the good is produced. A more restrictive assumption

on technology therefore allows for a weaker form of consumption similarity.!

"When restricting technology (e.g. to US technology) only *weak consumption similarity’ has to hold to assure Vanek consis-
tency. Restricting technology in such a way however results in a poor performance of the HOV model as documented in the other

contributions (see e.g. Davis and Weinstein, 2001; Nishioka, 2012).



2.2. Imposing stronger restrictions on consumption

As shown in Trefler and Zhu (2010) the HOV model works well when allowing for technology differ-
ences though there remains a significant amount of “missing trade”, i.e. that actual trade flows are much
lower than the predicted flows. Various explanations have been put forward to explain this *'missing trade’,
examples including a home bias of consumption, trade barriers, transport costs and so on. Of the various
tests for missing trade the simplest one would be to regress the measured factor content of trade (FCT) on
the predicted one. A coefficient close to one would indicate that there is little missing trade and that trade
flows in factor services are well explained. Since technology differences are already taken into account in
this framework, the missing trade that exists results from an improper specification of consumption patterns.
Trefler and Zhu (2010) account for missing trade by imposing consumption similarity for various industries
(Agriculture, Food, Government, Construction). They show that this improves the predictive power of the
model significantly showing up in a slope coefficient of 0.94 when imposing consumption similarity for all
four sectors. Other papers like Cassing and Nishioka (2010) introduce a vector of deviations of predicted
from actual patterns of trade flows in final goods to account for missing trade.

In this paper a different route is taken by imposing some more structure on the SCS condition. The

equation (for each individual factor) to be tested can be written as
tr,Measured — btr — bfr _ Srbf — Vr _ SrV — tr,Predicted
The predicted factor content of trade can be rewritten as
tr,Predicted =V —dbf=V —bsf=V —bSf

with 8" = s"Iyc, i.e. a matrix with 5" = 3 ; fip > i fl.p ", or in words country r’s share in total world
consumption, as diagonal elements and zeros otherwise. This reformulation is used to impose different
structures on the consumption patterns by specifying the share matrix S accordingly. Here one has to make
sure that the full employment constraint at the world level holds, i.e. V = . bS"f = b}, S"f. This can
be violated if the sum of all countries hypothetical demand for good i of a specific country does not equal
the empirical sum of expenditures. We refer to this as a violation of the WFEC (’world full employment
condition’). For these cases we also calculate results when row-normalizing the hypothetical expenditures,
= ~ Pr
thus fI" = f7" 2

Zr f’;pr
Let us denote total world expenditures on final goods by £ = 3, , . fl.p ". In the SCS case a typical

where fl.p " denotes hypothetical final demand.



element of matrix S” can be written as

o ZisJ D BT, AP
S = s 5 iy &
E E Y

where slp denotes the share of country r’s expenditures on good i in country p. The first term denotes

country r’s share in total consumption, s”. The second term, «; is the ratio of total expenditures on product i
to total expenditures and thus imposes homothetic preferences (which are a weighted average over all coun-
tries’ final demand patterns). The third term is the expenditure share country p attracts from all spending on
good i. To show that this formulation is equivalent to the SCS formulation the expression can be simplified
o Z:Tf,'”

tos.” =
i

. Multiplying this expression with total expenditures E yields fip Ty fl.p N fl.p :
which is a typical element of S'f.

This formulation is now used to impose some structure on consumption patterns deviating from the
’strong consumption similarity assumption”. First, the assumption of homothetic preferences across coun-
tries is relaxed while still keeping the assumption of proportional consumption across countries. Non-
homothetic preferences arise due to differences in income per capita for example (Linder, 1961; Maskus,
1985, as emphasized by). Figure 1 shows a box-plot of expenditure shares on final goods by country and
industry. As one can see, these shares differ widely across countries. Particularly strong differences are
found for agriculture (AtB) with countries like India, China, Romania and Bulgaria showing large shares,
food and beverages (15t16), construction (F) which also includes investment categories, and education (L)
with high shares for US, Canada, Taiwan and Brazil.

Formally, allowing for non-homogenous preferences the share matrix for each country has typical ele-

ments
; s
r Zi,sfl‘” th;'tr Zsf[p ror
si = i 5= say]
E Zt,ifi Zt,sf,-‘

Compared to the SCS formulation, the second term is replaced by country specific expenditure shares across

Zer}m s f, ie. the share

of country r’s expenditures in world expenditure on good i multiplied by expenditures demand for good

2)

products. Simplifying and multiplying with world expenditures E gives f/" =

i in country r. This still satisfies the requirement that it sums up to actual expenditures on final goods

i of country p as ¥, f" = Zr(gtf}; Zsfl,ps) = Y, f7, i.e. the WFEC is satisfied. As a second step,

assumption (ii) above - the assumption that a country spends the same share on each country - can be

relaxed by imposing the empirical expenditure patterns at the country level. This would allow for the role
of geographical proximity for example (that distance matters with countries being geographically closer

to each other trading more). This formulation still imposes the assumption that expenditure shares across
7
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Figure 1: Expenditure shares by country and industry (average over years)

countries are identical for each product (these country-industry specific sourcing patterns are discussed

below). Assuming again homothetic preferences the typical share becomes

3)

S E E Zi,t f;»tr -

Simplifying and multiplying with E gives
f’-;pr = a; Z fipr
i

i.e. the expenditure share on product i times total expenditures of country r in p. Adding up over all
countries r shows that the WFEC is not met, 3, /7" = a; 3, /7" # X, f7".
Relaxing in this case the assumption of homothetic preferences and introducing country-specific final

demand patterns yields
ST tr pr
gr 2 Dl S S W
’ E Xl XS ’




Simplifying and multiplying with E gives
f;p r = :’ Z f;.pr
i

i.e. the expenditure share on product i times total expenditures of country r in p. Adding up over all
countries r shows that again the WFEC is violated as ), fl.p = al i, fl.p TEY, f[.p "

Similarly, sticking again to assumption (i) of homothetic preferences but now allowing for country and
country-industry specific trade patterns results in the following demand structures:

g Zis 7 Zes I
i E E Z[ .]L;Z‘r

= s"ayy” (5)

This cannot be simplified, thus

ST pPr
ﬁrp - Zi,s f;_Y ths f;
e 2R

Again the WFEC condition is violated.

Finally, one can additionally allow for non-homothetic preferences which results in

S r pr
sP = Zis £" Zif = s"aly? (6)
1 E Zt,i f;.tr Zt fitr X

This simplifies to s;p = fip "/E and thus fl.p = fip ", i.e. the empirical expenditures.

Further, for each of cases (2)-(5) above a ’home-bias’ effect can be modeled which allows for the fact
that a country might spend relatively more on its own goods than on goods for other countries. These
expenditure shares on domestic products are large and range from about 70% for very small countries up
to about 95% for larger countries (see Table 7). We model this for each of the four cases (2)-(5) above by
calculating the share of expenditures on the home country and normalize the shares of expenditure on other
countries” goods accordingly. Formally, at the country level we calculate the share 1" = }; f/"/ > , fl.p =
2. J{"/E" and normalize the sourcing patterns as ¥'” = y"”/(1 — h") such that }. .., %7 = 1. Similarly, this
can also be done at the level of industries, i.e. & = f/"/ ¥, f" and 7. =y’ J(1-h]) such that 3, .. ¥/ = 1
for all i. Therefore, for each of the five cases distinguished above we can distinguish three sub-cases; (i) no
home-bias, (ii) home-bias at the country level, and (iii) home-bias at the country-industry level.

Summarizing, these cases are listed in Table 1. It is important to note however that not all of these
sixteen cases are different. First, imposing country specific sourcing structures automatically implies a
home bias at the country level, therefore (3a)=(3b), (4a)=(4b), and (5a)=(5c). Case (5b) is further not
useful since a home bias at the country level is modeled whereas country-industry specific patterns would

9



Table 1 Overview

Preferences Home bias Geographic consumption patterns
SCS  Homothetic No Proportional s = s"apy!
(2a)  Non-homothetic ~ No Proportional T =saly!
(2b)  Non-homothetic ~ Country specific Proportional s = s"alh'y!
(2c)  Non-homothetic ~ Country-industry specific ~ Proportional s = s"alhy!
(3a)  Homothetic No Country specific s = s apy'?
(3b)  Homothetic Country specific Country specific s = s aih"y'?
(3c)  Homothetic Country-industry specific ~ Country specific s;p = s"a;h[ 7P
(4a) Non-homothetic ~ No Country specific ;p =s'aly?
(4b)  Non-homothetic ~ Country level Country specific s;p =s'aly"?
(4c)  Non-homothetic ~ Country-industry specific ~ Country specific ';p = s"ah[y"?
(5a)  Homothetic No Country-industry specific s;” = s’a,-y,.”’
(5b)  Homothetic Country level Country-industry specific s:p =5 (xih")'/i”’
(5¢)  Homothetic Country-industry specific ~ Country-industry specific K ;" =" (yih;')”/i”’
(6a)  Non-homothetic ~ No Country-industry specific S:" =s'a] y:p
(6b)  Non-homothetic ~ Country level Country-industry specific s;p =s'alh" 5/:”
(6c)  Non-homothetic ~ Country-industry specific ~ Country-industry specific ‘;p = s'alh] 5/:1’

be assumed simultaneously. This is similarly the case for (6b). Finally, cases (6a) and (6¢) are equal to the
empirical patterns of consumption which by definition result in an exact prediction of the factor content of
trade. Therefore, for the further empirical application we are left with nine cases only: SCS, (2a), (2b), (2¢),
(3a2)=(3b), (3c), (4a)=(4b), (4c), (5a)=(5c¢).

One of the caveats of this approach is that the WFEC is not met in many cases as already outlined
above. To see whether this is a severe problem we calculate the deviation of the row sum of hypotheti-
cal expenditures from the empirical ones and express these as a percentage of total expenditures. Severe
deviations are found for case (2b), i.e. non-homothetic preferences, country-specific home bias and propor-
tional sourcing patterns with deviations ranging between minus and plus 20%. Larger values in all cases
are found for very small countries. In all other cases the deviation is on average much smaller. Only India
shows larger differences (-12%) in cases (3¢) and (5a)=(5c), and some smaller countries like Estonia and

Malta with differences of up to 8% in these cases. Further checks suggest that these differences are mostly

10



country-specific.> We therefore report results using the non-normalized hypothetical structures in the main
text and provide some additional tables reporting results using the normalized data in the Appendix.>

To further see how close the hypothetical final demands are from the empirical ones we calculate the
absolute deviation, Df’ "= fl.p " - fl.p "| and express these in terms of the corresponding total at the country
level. In Table 2 we report the results as an average by year. Tables (8) and (9 in the Appendix show
the results by country and industry (in all cases as averages over years), respectively.* The deviation is
rather strong when assuming strong consumption similarity (SCS) and for case (2a) when non-homothetic
preferences are allowed for. Introducing a home bias effect but still assuming proportionality over the trad-
ing partners (as in case (2b)) markedly reduces the deviation which is further improved when allowing
for a country-industry specific home-bias. In cases (3a) and (3c) with homothetic preferences and country
specific sourcing structures the deviation is larger when compared with cases (2b) and (2c), i.e. when pro-
portionality and non-homothetic preferences are assumed. When introducing non-homothetic preferences
again however (as in cases (4a) and (4c)) the deviation is rather similar to the cases (2b) and (2c). Thus,
when allowing for non-homothetic preferences together with country and country-industry specific home
bias, the assumption on sourcing structures lead to similar results. The reason for this is that the relative
size of trading partners plays a significant role as documented in gravity results. Finally, in case (5a) which
differs from (4c) only with respect to preferences the deviation is again much larger.

Thus, allowing for non-homothetic preferences in conjunction with a country or country-industry spe-
cific home bias reduces the deviations significantly. It is interesting to note that when allowing for home-
bias it is not too important whether to assume proportionality (2b and 2¢) or country-specific foreign con-
sumption patterns (4a=4b and 4c). Sticking to the assumption of homothetic preferences results in larger

deviations even when modeling country-industry specific foreign sourcing patterns.

3. Testing the Vanek prediction with different consumption patterns

Based on these considerations we show the results of the various empirical tests as used in the literature.
Such tests include a sign test, a rank correlation test, and a regression based test, results of which are

reported below.

These results are available upon request.
3 Additionally, as the row-normalization might result in a deviation in the column sums, we also applied a RAS procedure.

Results are not significantly different however.
“More detailed results are available upon request.
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Table 2 - Deviation of final demand by year

Preferences: ~ Homothetic Non-homothetic Homothetic Non-homothetic Homothetic
Home bias: No No Country  Country & | Country Country & | Country Country & Country &
industry industry industry industry
Sourcing: Prop. Proportional Country Country Country &
industry
SCS 2a 2b 2c 3a=3b 3c 4a=4b 4c S5a=5¢
1995 163.0 159.2 19.0 5.0 43.1 34.2 19.7 4.5 31.1
1996 163.4 159.8 19.5 5.1 43.1 34.0 20.2 4.6 30.8
1997 162.5 158.8 19.5 5.2 432 339 20.3 4.6 30.6
1998 160.6 156.9 20.7 5.4 43.1 332 21.5 4.7 29.9
1999 159.2 155.3 20.9 5.5 429 33.1 21.7 4.8 29.7
2000 157.3 153.4 21.8 5.7 43.2 32.7 22.6 5.0 29.2
2001 156.5 152.4 21.9 5.6 43.7 33.1 22.8 5.0 29.7
2002 157.0 152.8 22.4 5.7 44.7 339 23.3 52 30.3
2003 159.2 155.3 23.1 5.7 45.0 339 24.0 5.3 30.3
2004 160.5 156.7 234 59 45.3 34.1 243 5.5 30.4
2005 160.6 156.9 239 5.9 46.0 34.7 24.8 5.6 31.0
2006 160.9 157.1 24.6 6.1 473 35.6 25.6 59 31.6
2007 162.3 158.5 25.2 6.2 48.8 36.8 26.3 6.1 329
2008 163.1 158.8 25.8 6.2 50.2 38.3 26.9 6.4 34.4
2009 164.2 159.4 22.8 5.4 49.7 41.8 23.8 5.6 38.4

3.1. Sign and rank correlation tests

The sign test calculates the number of cases for which the predicted and the measured factor content have
the same sign; i.e. a country abundant in a particular factor - taking into account productivity differences
- is expected to be a net exporter of this factor. Results of this simple test are reported in Table 3 for the

nine cases outlined above and for each individual production factor. In the SCS case the sign test performs

Table 3 - Sign test (in %), N=41, average over years

Preferences: Homothetic Non-homothetic Homothetic Non-homothetic Homothetic
Home bias: No No Country  Country & | Country Country & | Country Country & Country &
industry industry industry industry
Sourcing: Prop. Proportional Country Country Country &
industry
SCS 2a 2b 2c 3a=3b 3c 4a=4b 4c Sa=5¢
Employment 94.8 93.8 95.4 97.1 94.5 93.7 99.0 98.5 93.5
.. High 92.0 92.0 94.0 98.0 82.1 77.9 95.1 99.5 774
.. Medium 92.8 924 94.8 97.6 92.5 92.4 98.0 99.0 91.7
.. Low 91.7 96.7 98.2 98.7 94.1 93.8 99.3 99.3 93.8
Capital 83.7 84.9 94.8 98.5 87.6 86.2 95.8 99.0 86.3

rather well with values above 90% for the employment categories. The performance is slightly less good for

12



Table 4 - Correlation, average over years

Preferences: Homothetic Non-homothetic Homothetic Non-homothetic Homothetic
Home bias: No No Country  Country & | Country Country & | Country  Country & Country &
industry industry industry industry
Sourcing: Prop. Proportional Country Country Country &
industry
SCS 2a 2b 2c 3a=3b 3c 4a=4b 4c Sa=5¢
Correlation coefficients
Employment 0.979 0.982 0.992 0.998 0.953 0.956 0.995 0.999 0.959
.. High 0.960 0.952 0.985 0.999 0.734 0.579 0.986 1.000 0.581
.. Medium 0.978 0.977 0.996 0.998 0.847 0.804 0.996 1.000 0.806
.. Low 0.974 0.978 0.987 0.997 0.923 0.935 0.991 0.999 0.942
Capital 0.888 0914 0.986 0.998 0.919 0.908 0.989 1.000 0.909
Rank correlation coefficients
Employment 0.956 0.947 0.982 0.988 0.967 0.960 0.994 0.994 0.961
.. High 0.952 0.955 0.976 0.994 0.621 0.520 0.983 0.999 0.521
.. Medium 0.960 0.950 0.981 0.994 0.852 0.849 0.993 0.999 0.850
.. Low 0.974 0.941 0.987 0.991 0.956 0.951 0.997 0.998 0.952
Capital 0.831 0.865 0.976 0.995 0.831 0.819 0.983 1.000 0.821

capital showing about 84% of correct signs on average. These shares tend to be higher for the other cases
however, with cases (2¢) and (4c) ranking top.

Similarly, the correlations and rank correlation tests provides highly significant results as reported in
Table 4. The model performs slightly less good with respect to capital inputs (though results are still highly
significant). The Spearman rank correlation coefficients are above 0.90 in general and again highest in cases
(2c) and (4c). Again these results are in line with those reported in Trefler and Zhu (2010) reporting a rank

correlation coefficient of 0.89 for employment in their sample.

3.2. Regression analysis

Thus, the sign and rank correlation tests are not able to distinguish between the success and failures of
the differences in modeling demand patterns. As outlined above, a matter of concern is the “missing trade”,
i.e. the predicted factor flows are much larger when compared to the measured ones.

We present the deviations of the predicted from the measured employment content in Figure 2 for
four selected strategies (averages over years). The upper left panel shows the case when imposing strong
consumption similarity for which the predicted patterns strongly deviate from the measured ones in line
with results in other studies like Trefler and Zhu (2010). This is much improved when allowing for non-

homothetic preferences and a country-specific home bias but still sticking to the proportionality assumption
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with respect to foreign sourcing as shown in the upper right panel. The differences can still be reduced
when introducing country-industry specific home bias as in the lower left panel.> When sticking to the
assumption of homothetic preferences but allowing for country-industry specific home bias and foreign

sourcing structures differences between actual and predicted trade again increase as shown in the lower

right panel.
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Figure 2: Measured (solid line) versus predicted (dotted line) employment content

A convenient way to test for this missing trade is to run a regression of the measured factor content of

trade on the predicted one, i.e.
FCTmeasured,r -« +ﬁ FCTpredicted,r + gr

for which a positive slope coefficient on S is expected. The closer this coefficient is to one, the lower is the
amount of missing trade.

Table 5 presents the results of ordinary least squares which is the preferred specification as no systematic
deviations dependent on country specific effects is expected. The coefficients for all endowment measures
are positive and highly significant. The magnitude of the slope coefficients in the model with strong con-

sumption similarity (SCS) is 0.156 for total employment which is similar to those for medium educated

SGraphs for cases (4a)=(4b) and (4c) respectively look similar.
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(0.154) and low educated labour (0.162) and also for capital (0.144). The fit of the regressions are rather
high with the overall R? being around 0.90 or even higher with the exception of capital where the R drops to
0.70. The coefficients for high educated labour are somewhat lower at around 0.099. These coefficients are
also smaller compared to those reported in Trefler and Zhu (2010) where a value of 0.32 is reported.® Thus,
as in other contributions, there is a considerable amount of missing trade ranging between 85 and 90% (for
capital). As pointed out above this is probably driven by the way consumption patterns are modeled. The
other columns in the table show results for the various demand structures as discussed above. As expected,
in those cases where the deviations from the actual patterns are also low (see above) the coefficients ap-
proach one, particularly in the cases of (2b), (2c) and (4c). This is also the case for endowment with capital.
The coefficients are closest to one in case (4c), i.e. non-homothetic preferences, country-industry specific
home bias but country specific patterns of demand on foreign final products. However, this only slightly
outperforms case (2c) where instead proportionality on foreign final demand is modeled.

In Table 6 we report a robustness test by including country fixed and random effects. Results are close
to those when using pooled OLS. Only in the case (4a)=(4b) do the coefficients go up significantly. In Table
5 also the constant is reported which in some cases is significantly different from zero. The reason for this
is that in these cases the WFEC fails which is captured by the constant. In the appendix we report the OLS
results with row normalized data (see Table 12) where the constant becomes zero and insignificant. The

slope coeflicients are mostly unchanged.

4. Summary and conclusions

In this paper we considered the role of final demand patterns in factor-content predictions with traded
intermediates. Specifically, we built on the insights of Trefler and Zhu (2010) who show the proper measure
of the factor content of trade in this case (see also Deardorff, 1982). In this contribution it is argued that
when properly calculating the factor content of trade (with technology differences across countries and
traded intermediates) a ’strong consumption similarity’ (SCS) assumption has to be made to arrive at a
’Vanek-consistent” prediction. In this paper we relax this assumption by considering different ways of
modeling consumption (or more exactly final demand) structures. These alternatives range from introducing

non-homothetic preferences, home bias effects and observed country and country-industry specific sourcing

5The reason for this is the different data used. The sample in our case is restricted to 40 countries. There might also be

differences in the underlying figures with respect to factor endowments.
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patterns (thus accounting for gravity forces to be at work).

Testing the model for various production factors - capital, high, medium and low skilled employment -
which adds to the existing literature we first show that the predicted factor content of trade is in line with
the measured value when considering the sign and rank correlation tests in the case when country-industry
specific technology differences are allowed for. However, using the SCS assumption results in a significant
amount of missing trade. Both these results are in line with the existing literature though this paper tests for
different production factors.

Accounting for more realistic final demand structures, the results of this exercise point towards an expla-
nation for this so-called *missing trade’. Allowing for non-homothetic preferences across countries together
with a country-level or country-industry level home bias yields slope coefficients around one, which mean
that by this the missing trade has vanished. Thus, when allowing for differences in expenditures shares
across countries and home-bias effects the amount of missing trade vanishes irrespective of modeling the
international demand structures (e.g. proportional versus country specific). When sticking to the assump-
tion of homothetic preferences but allowing for country-industry specific sourcing structures, the share of
missing trade is reduced but is still significant. Thus it is not not only the assumption of homogeneity of
preferences (although this is violated by empirical data), but this assumption together with neglecting the

important home-bias of final demand which explains the *missing trade’.
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A Appendix Tables

Table 7 - Home bias (in %)

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

AUS 927 929 915 912 90.6 90.1 90.5  90.1 90.6 904  90.1 903  90.1 903 913
AUT 86.5  86.1 849 843 837 832 823 83.0 832 827 822 8.0 816 81.7 833
BEL 790 789 782 784 186 710 771 782  79.1 788 794  79.1 788 782 794
BGR 889 88.0  88. 879 833 84. 82.5 825 813 799 802 768 762 747 810
BRA 966 970 965 965 962 963 956 963 965 966 966 965 963 959  96.3
CAN 859 856 851 84.1 836 838 839 845 83 8.8 86.0 86.1 86.1 862 873
CHN 939 949 96.1 954 954 949 945 939 930 939 942 944 951 95.0 95.6
CYP 820 815 81.7 823 83 81.0 80.6 804 827 821 823 817 80.6 81.8 844
CZE 827 823 835 828 81.6 81.0 8l1.1 823 819 798 803 805 794 808 820
DEU 905 902 893 886 884 865 864 8.6 86.6 86.6 858 844 843 842 857
DNK 857 8.0 857 855 848 843 852 845 855 850 849 834 837 835 857

ESP 919 914 905 8905 887 888 886 8.1 89.1 887 885 883 82 83 912
EST 759 758 724 729 710 764 742 767 754 758 763 759 770 783 819
FIN 80.6 888 886 882 889 895 888 899 882 888 886 875 877 873 884

FRA 91.6 91.7 913 907 904 89.8 896 899 903 90.1 899 898 89.7 898 905
GBR 892 887 886 886 85 83 878 879 883 888 885 884 82 879 883
GRC 919 914 910 9.2 8.5 84 878 874 875 872 882 85 87.8 879 889
HUN 87.8 87.6 87.1 852 83.6 836 835 839  83.1 81.6 8.0 793 789 787 1797

IDN 940 944 947 892 934 934 929 938 944 935 926 939 935 925 946
IND 96.8 968 972 969 973 973 973 970 96,6 955 945 945 946 939 943
IRL 80.7 804 804 789 785 778 79.1 80.4 819 822 813 81O 788 79.6 809
ITA 923 927 922 916 910 905 904 903 910 910 909 9.6 903 904 917
JPN 972 967 967 968 968 967 964 963 962 960 957 954 953 955 96.0
KOR 92.1 916 92.1 93.0 929 914 920 92.1 91.8 912 919 916 912 897 90.6
LTU 812 809 784 804 821 83.0 812 817 80 815 799 776 152 716 794
LUX 706 71.0  69.1 69.1 67.7 69.0 69.1 69.6 727 713 724 727 722 734 757
LVA 84.4 826 802 77.8 80.1 81.0  80.1 8.3 803 80.7 789 784 79.1 80.8 832

MEX 93.8 934 933 920 922 919 922 925 923 921 91.8 916 913 914 910
MLT 732 721 719 73.0 717 721 709 720 711 715 714 704 697 709 722
NLD 828 828 832 830 825 827 84.0 842 847 8.0 853 848 843 832 844
POL 91.8 908 884 873 87.6 887 893 88.7 875 865 873 867 854 8.4 864

PRT 879 876 868 855 846 844 848 858 8.4 855 857 850 847 847  86.1
ROU 915 914 9.6 907 89.7 885 8.2 874 868 89 8.0 849 842 849 881
RUS 875 898 90.0 886 878 882 888 869 876 876 87.6 873 871 86.6 86.4

SVK 818 819 800 774 780 786 766 777 783 716 763  76.1 758 76.6 783
SVN 81.1 81.0 8.7 803 800 788 792  80. 799 786 780 768 768 765 793
SWE 883 884 8.0 873 876 85 87.0 872 872 8.7 859 852 848 845 855
TUR 945 932 930 929 936 926 937 936 933 920 924 921 926  88.1 88.4
TWN 86.7 8.8 862 855 851 827 8.2 857 852 833 839 844 840 847 859
USA 950 950 948 948 944 940 943 942 941 942  94.1 939 938 939 947
ZROW 897 900 915 905 906 90.0 89.7 8.2 888 887 882 881 874 874  89.1
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Table 8 - Deviation in % by country

Preferences: ~ Homothetic Non-homothetic Homothetic Non-homothetic Homothetic
Home bias: No No Country  Country & | Country Country & | Country Country & Country &
industry industry industry industry
Sourcing: Prop. Proportional Country Country Country &
industry
SCS 2a 2b 2c 3a=3b 3c 4a=4b 4c Sa=5¢
AUS 188.1 187.8 36.9 4.0 36.9 26.9 19.3 4.7 23.6
AUT 176.8 176.2 52.2 11.7 50.4 30.3 41.2 8.6 24.8
BEL 169.9 168.9 68.5 22.1 65.9 38.8 59.7 15.3 27.7
BGR 180.3 178.6 78.1 19.8 724 63.9 45.7 19.1 53.1
BRA 188.5 188.0 10.5 32 33.0 30.3 10.0 34 28.0
CAN 177.6 178.0 44.7 18.1 53.7 35.0 41.4 11.0 27.0
CHN 165.1 159.5 22.3 7.1 74.7 66.1 27.4 10.2 59.0
CYP 189.9 189.6 58.0 9.7 544 41.8 40.6 12.3 33.0
CZE 175.7 174.8 71.6 21.1 58.0 432 49.3 133 34.6
DEU 163.4 162.7 327 8.7 45.7 28.7 38.8 7.5 239
DNK 174.9 173.2 41.1 12.0 69.7 434 49.9 15.6 32.1
ESP 181.1 180.5 25.1 8.0 474 36.0 28.4 6.2 322
EST 200.5 199.8 754 27.5 71.5 60.2 60.9 20.8 444
FIN 180.8 180.3 314 9.5 57.9 39.8 355 10.2 322
FRA 173.4 172.3 25.4 6.7 422 26.6 29.2 52 234
GBR 175.1 174.0 29.9 5.1 45.5 29.1 29.6 4.7 259
GRC 195.1 193.9 30.0 35 40.5 342 22.6 5.5 30.6
HUN 171.1 171.0 62.5 19.0 52.8 43.6 48.0 16.8 31.8
IDN 1843 183.7 21.6 6.1 76.2 74.7 20.8 7.7 68.5
IND 185.0 181.7 139 4.0 65.1 64.2 14.6 6.9 60.0
IRL 156.0 155.7 55.1 239 83.4 57.2 73.5 36.8 27.7
ITA 171.7 170.6 253 6.3 38.2 29.6 27.2 7.0 25.6
JPN 167.8 165.5 10.7 2.9 31.1 23.7 13.3 32 20.9
KOR 173.4 171.9 29.9 9.0 51.2 41.6 30.7 9.4 34.1
LTU 182.9 182.2 66.8 18.8 62.2 559 47.5 18.7 42.1
LUX 174.8 176.0 112.1 31.8 88.5 63.3 84.3 48.0 229
LVA 188.1 187.4 67.2 14.5 54.6 439 41.1 12.9 345
MEX 1823 181.7 22.0 12.7 55.4 44.5 26.7 6.6 38.6
MLT 179.1 178.7 80.5 22.7 68.5 64.5 64.7 25.0 444
NLD 172.1 171.8 57.1 17.0 62.2 36.6 48.3 15.9 30.0
POL 182.5 181.7 459 12.4 50.3 37.5 31.9 8.9 31.9
PRT 184.3 184.2 324 10.5 46.1 34.0 36.3 9.1 26.9
ROU 187.5 186.6 335 11.5 63.2 57.3 32.0 12.5 473
RUS 191.1 190.9 30.5 5.0 47.0 46.0 233 6.5 41.1
SVK 178.6 177.5 75.6 27.5 61.7 46.4 57.0 19.2 327
SVN 176.8 175.7 63.2 24.2 60.5 42.0 58.8 18.5 28.7
SWE 171.9 171.3 422 9.9 65.5 454 42.6 10.7 385
TUR 184.3 182.9 18.2 6.8 61.7 55.7 23.8 9.0 49.1
TWN 168.9 168.2 37.7 11.3 66.1 50.9 473 13.6 40.7
USA 135.7 127.2 12.2 2.4 40.5 31.8 13.0 1.3 30.9
ZROW 160.5 155.9 255 4.4 45.5 37.0 25.1 52 34.1
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Table 9 - Deviation in % by industry

Preferences: ~ Homothetic Non-homothetic Homothetic Non-homothetic Homothetic
Home bias: No No Country  Country & | Country Country & | Country Country & Country &
industry industry industry industry
Sourcing: Prop. Proportional Country Country Country &
industry
SCS 2a 2b 2c 3a=3b 3c 4a=4b 4c Sa=5c
AtB 171.8 159.7 155 59 96.9 915 17.3 6.7 88.7
C 167.6 1433 21.2 52 91.7 104.7 24.1 8.8 98.3
15t16 152.3 154.0 19.3 11.0 433 359 18.5 8.9 30.3
17t18 109.0 111.4 83.4 31.0 103.9 59.6 83.1 374 33.0
19 106.7 103.4 88.3 27.8 122.1 82.7 89.5 47.6 51.6
20 159.7 160.0 14.7 6.5 53.0 54.4 16.5 9.5 48.1
21t22 151.0 144.8 12.7 8.9 45.6 44.8 13.5 9.7 38.7
23 145.9 146.8 28.8 16.6 44.5 40.7 28.4 17.6 28.1
24 118.6 117.0 56.6 16.5 66.4 425 55.7 19.3 31.2
25 132.6 133.7 44.5 21.3 57.8 43.6 41.9 15.2 353
26 155.8 154.6 20.6 8.3 72.0 65.1 21.2 11.5 59.3
27t28 150.0 149.7 25.6 13.3 57.7 79.2 23.8 10.1 74.2
29 110.8 110.8 66.9 21.4 76.9 41.0 65.7 17.9 32.0
30t33 90.9 89.9 90.2 28.3 91.3 352 88.9 242 18.1
34t35 120.4 119.1 64.1 28.8 66.6 39.3 63.7 26.8 18.1
36t37 119.1 116.6 58.8 22.8 65.8 424 57.3 18.4 31.0
E 173.1 173.4 14.3 1.3 31.6 25.1 155 1.1 243
F 176.5 177.1 15.0 0.7 347 27.7 15.9 0.2 27.5
50 172.9 169.7 16.0 1.0 55.0 453 17.1 0.7 44.7
51 168.1 168.1 11.9 2.6 29.1 25.8 133 2.8 23.8
52 164.6 153.0 12.3 1.6 38.4 33.7 13.6 1.5 324
H 171.3 170.7 14.1 2.0 30.1 23.8 153 1.9 222
60 175.2 173.0 11.2 22 56.1 52.5 12.6 2.3 51.2
61 151.7 110.0 66.6 11.5 104.6 99.5 67.5 29.5 93.4
62 137.6 129.1 259 11.2 50.6 452 25.6 134 37.8
63 175.1 174.3 134 43 714 68.2 14.8 4.7 66.1
64 169.0 167.0 12.5 1.8 24.1 16.5 139 1.4 154
J 163.4 154.0 11.3 22 423 36.6 13.7 2.8 34.3
70 170.9 167.3 14.6 0.7 323 22.8 15.8 0.2 22.6
71t74 162.8 158.7 8.8 3.1 28.5 25.0 10.9 3.6 224
L 166.2 154.0 13.6 0.7 38.0 33.1 15.1 0.2 329
M 183.3 183.6 17.1 0.7 559 43.6 18.2 0.3 434
N 170.2 164.6 153 0.6 38.3 29.1 16.4 0.1 29.0
(6] 171.4 171.2 132 1.8 28.2 21.8 145 1.6 20.5
P 182.2 176.2 21.0 0.7 98.0 92.1 20.2 0.3 91.9
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Table 10 - Sign test (in %), row normalized, N=41, average over years

Preferences: Homothetic Non-homothetic Homothetic Non-homothetic Homothetic
Home bias: No No Country  Country & | Country Country & | Country Country & | Country &
industry industry industry industry
Sourcing: Prop. Proportional Country Country Country &
industry
SCS 2a 2b 2c 3a=3b 3c 4a=4b 4c Sa=5¢
Employment 94.8 93.8 96.1 97.1 99.0 94.0 98.9 98.7 94.1
.. High 92.0 92.0 94.3 97.9 96.7 96.9 95.4 98.5 97.1
.. Medium 92.8 924 94.8 97.6 97.7 96.9 97.4 98.7 96.3
.. Low 97.7 96.7 97.2 98.7 99.3 97.4 98.4 99.3 97.7
Capital 83.7 84.9 87.2 98.5 93.7 91.5 95.1 97.2 92.4
Table 11 - Correlation, row normalized, average over years
Preferences: Homothetic Non-homothetic Homothetic Non-homothetic Homothetic
Home bias: No No Country  Country & | Country Country & | Country Country & Country &
industry industry industry industry
Sourcing: Prop. Proportional Country Country Country &
industry
SCS 2a 2b 2c 3a=3b 3c 4a=4b 4c Sa=5¢
Correlation coefficients
Employment 0.979 0.982 0.993 0.998 0.999 0.991 0.999 0.999 0.986
.. High 0.960 0.952 0.974 0.999 0.995 0.996 0.994 0.999 0.993
.. Medium 0.978 0.977 0.994 0.998 0.999 0.995 0.999 0.999 0.990
.. Low 0.974 0.978 0.993 0.997 0.997 0.987 0.998 0.998 0.984
Capital 0.888 0914 0.923 0.999 0.985 0.964 0.990 0.999 0.963
Rank correlation coefficients
Employment 0.956 0.947 0.968 0.988 0.994 0.975 0.992 0.992 0.974
.. High 0.952 0.955 0.949 0.994 0.987 0.983 0.976 0.997 0.986
.. Medium 0.960 0.950 0.975 0.994 0.992 0.990 0.991 0.997 0.986
.. Low 0.974 0.941 0.972 0.991 0.997 0.981 0.989 0.996 0.983
Capital 0.831 0.865 0.881 0.994 0.970 0.933 0.977 0.997 0.930
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