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Abstract:

This paper studies the determinants of Austrian bilateral intra-firm trade in a panel of
industry-level intra-firm goods trade flows. Economic size, unit labor costs and the
magnification effects originating from multiple border crossing of sequentially finished
products are found to be the most important determinants of trade within multinational
firms. Especially, our evidence lends support to multiple border crossing of sequentially
finished products, an argument that recently has been put forward in the outsourcing
literature.
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Non Technical Summary

Intra-firm trade is an important component of international goods trade flows. For
example, intra-firm exports of the U.S. now amount to almost 30% of the total U.S.
export volume.

Falling trade costs and technological progress enable multinational firms (MNEs) to
fragment production internationally within the firm according to the law of comparative
advantage. Further, the decline in foreign investment costs and the growth of markets
have fostered the activity of multinational firms and are candidates to explain the
magnitude of intra-firm trade. This paper investigates the main determinants of intra-
firm exports and imports empirically. For this, we adopt an eclectic approach and
specify bilateral intra-firm trade equations at the industry level that account for variables
that are motivated by three different branches of research on this issue.

Our estimation results for 12 Austrian manufacturing industries with intra-firm exports
to and imports from five country groups underpin the direct relevance of market size,
unit labor costs and, specifically, of the magnification effect associated with two-way
trade in components as pointed out by Yi (2003). This holds true for the structural form
estimation results, i.e., the direct effect. Due to the magnification effect, intra-firm
exports and imports are non-trivially determined in equilibrium because of important
indirect effects. It turns out that through mutual dependence between exports and
imports the combined direct and indirect effects are such that intra-firm exports are
mainly determined by market size, unit labor costs and affiliate characteristics (the share
of greenfield investments, the number of affiliates, and affiliate sales per employee). In
contrast, intermediate goods imports seem mainly driven by Austrian trade policy and
affiliate characteristics (the number of affiliates, and affiliate sales per employee) but

not by market size or costs.



Nicht technische Zusammenfassung

Der Intrafirmenhandel ist eine wichtige Komponente der internationalen
Warenhandelsstrome. So belduft sich beispielsweise in den Vereinigten Staaten der
Warenhandel zwischen Muttergesellschaften und ihren Auslandstdchtern auf fast 30 %
des gesamten US-amerikanischen Ausfuhrvolumens.

Sinkende Handelskosten und der technische Fortschritt ermoglichen es multinationalen
Unternehmen (MNU), die Produktion innerhalb des Unternehmens nach dem Gesetz
des komparativen Vorteils auf verschiedene Lander zu verteilen. Zudem fordern der
Kostenriickgang bei Auslandsinvestitionen und das Wachstum der Mirkte die
Aktivititen multinationaler Unternehmen und koénnten ein Faktor zur Erklarung der
GroBenordnung des Intrafirmenhandels sein. In diesem Diskussionspapier werden die
wichtigsten Bestimmungsgriinde der Intrafirmenexporte und —importe empirisch
untersucht. Hierfiir verwenden wir einen eklektischen Ansatz und legen Gleichungen
fir den bilateralen Intrafirmenhandel auf Branchenebene fest, die Variablen enthalten,
wie sie sich aus drei verschiedenen Forschungsansétzen zu diesem Thema ergeben.
Unsere Schitzergebnisse flir zwolf oOsterreichische Branchen des verarbeitenden
Gewerbes mit Intrafirmenausfuhren in und —einfuhren aus fiinf Léndergruppen
untermauern die unmittelbare Relevanz von MarktgroBBe, Lohnstiickkosten und
insbesondere des mit dem wechselseitigen Komponentenhandel verbundenen
»Verstirkungseffekts", auf den Yi (2003) hingewiesen hat. Dies gilt fiir die
Schitzergebnisse zur strukturellen Form, d. h. den direkten Effekt. Bedingt durch den
»Verstarkungseffekt" sind Intrafirmenexporte und —importe aufgrund wichtiger
indirekter Effekte im Gleichgewicht nicht trivial determiniert. Es zeigt sich, dass durch
die gegenseitige Abhdngigkeit zwischen Exporten und Importen die direkten und
indirekten Wirkungen zusammengenommen dazu fiihren, dass die Intrafirmenausfuhren
hauptsdchlich  durch  MarktgroBe, Lohnstiickkosten und  Merkmale der
Schwestergesellschaften (Anteil der Neugriindungen, Anzahl der
Schwestergesellschaften und Umsatz der Schwestergesellschaften je Mitarbeiter)
bestimmt werden. Dagegen scheinen die Einfuhren von Vorleistungsgiitern

hauptsdchlich von der osterreichischen Handelspolitik und den Merkmalen der



Schwestergesellschaften abzuhdngen (Anzahl der Schwestergesellschaften und ihr

Umsatz je Mitarbeiter), nicht aber von der Marktgrof3e oder den Kosten.
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The Determinants of Intra-Firm Trade: In Search for
Export-Import Magnification Effects

1 Introduction’

Intra-firm trade is an important component of international goods trade flows. For
example, intra-firm exports of the U.S. now amount to almost 30% of the total U.S.
export volume (see Zeile, 1997, Rangan, 2001). Falling trade costs and technological
progress enable multinational firms (MNEs) to fragment production internationally
within the firm according to the law of comparative advantage. Further, the decline in
foreign investment costs and the growth of markets have fostered the activity of
multinational firms (see Carr, Markusen and Maskus, 2001, Markusen and Maskus,
2002) and are candidates to explain the magnitude of intra-firm trade. This paper
investigates the main determinants of intra-firm exports and imports empirically. For
this, we adopt an eclectic approach and specify bilateral intra-firm trade equations at the
industry level that account for variables that are motivated by three different branches of

research on this issue.

We introduce the determinants identified in the general equilibrium model of
trade and MNEs (Markusen, 2002, Grossman, Helpman, and Szeidl, 2003), namely
exporter and importer market size and their unit labor costs (as a measure of
endowments and productivity). These models of vertical MNEs explain one-way trade
in components. However, Feinberg and Keane (2003) report that for U.S.-Canadian
intra-firm trade only 31% is one-way. Hummels, Rapoport, and Yi (1998), Hummels,
Ishii, and Yi (2001), and Yi (2003) illustrate that fragmentation of production leads to
multiple border-crossings of intermediate goods. We argue that this is relevant also for
intra-firm trade due to fragmentation of production within the network of multinational

+firms. Therefore, we take a systems view to account for the mutual interdependence of
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goods intra-firm exports and imports. Lastly, we include variables such as the share of

greenfield investments that are motivated from an industrial economics perspective.

Our estimation results for 12 Austrian manufacturing industries with intra-firm
exports to and imports from five country groups underpin the direct relevance of market
size, unit labor costs and, specifically, of the magnification effect associated with two-
way trade in components as pointed out by Yi (2003). This holds true for the structural
form estimation results, i.e., the direct effect. Due to the magnification effect, intra-firm
exports and imports are non-trivially determined in equilibrium because of important
indirect effects. It turns out that through mutual dependence between exports and
imports the combined direct and indirect effects are such that intra-firm exports are
mainly determined by market size, unit labor costs and affiliate characteristics (the share
of greenfield investments, the number of affiliates, and affiliate sales per employee). In
contrast, intermediate goods imports seem mainly driven by Austrian trade policy and
affiliate characteristics (the number of affiliates, and affiliate sales per employee) but

not by market size or costs.

The next section provides a brief overview on the literature which motivates our
econometric model. Section 3 describes the data base and the econometric approach and
discusses the estimation results, while Section 4 provides some sensitivity analysis. In

the last section we summarize our main conclusions.

2 Theoretical hypotheses

We adopt an eclectic approach to specify our empirical model of intra-firm trade.
Three lines of theoretical research motivate determinants of trade within a MNE. First,
general equilibrium models of trade and vertical multinationals make the case for trade
in components between the headquarters and their foreign affiliate(s) on the one hand,
and imports of finished products on the other hand. Second, the recent literature on the
role of vertical specialization for the growth of world trade motivates a magnification
effect of trade in components due to multiple border-crossing of sequentially finished
products. Third, the industrial economics literature on intra-firm trade summarizes
potentially important determinants associated with the characteristics of foreign

affiliates and the structure of the markets they operate in. As emphasized by all these



approaches, firm specific assets are a plausible reason for trade in components occurring

within the network of a multinational firm and not at arms length.

The relevant general equilibrium models of trade and multinationals are part of
the family of "knowledge-capital" models (Carr, Markusen and Maskus, 2001,
Markusen, 2002). MNEs are distinguished from national exporters by multi-plant
economies of scale, associated with firm-specific assets. In general, vertical
multinationals (Helpman, 1984) or horizontal ones (Markusen, 1984) may
endogenously arise in these models. The available knowledge-capital models with intra-
firm trade in intermediate and final goods focus on vertically organized MNEs with

cross-border intra-firm trade in components.

Helpman (1985), Zhang and Markusen (1999) and Markusen (2002) discuss a
model of vertical MNEs, where the skill intensive intermediate goods can be produced
only in the parent country, whereas labor-intensive assembly of the final good is
possible in either country.” Vertical MNEs with headquarters and intermediate goods
production in the parent country ship the intermediate product to their affiliate abroad
for final assembly. The final good is then sold locally but also reimported. This occurs
at sufficient differences in relative endowments. Markusen (2002, p. 206) illustrates that
the volume of intra-firm exports in goods declines (rises) with parent (host) country
market size. Further, intra-firm exports increase (decrease) with the parent (host)
country's capital-labor ratio. The latter indicates that trade in intermediate goods

declines in the unit production costs of components.

Grossman, Helpman, and Szeidl (2003) provide a related model of three countries
(two northern ones and one southern economy) assuming productivity differences
among locations. Under "partial globalization" and the reference case of zero transport
costs, intermediate goods are either produced in the parent country with assembly in the
South or vice versa. Intermediate goods production in the (high-wage) parent country,
intra-firm exports of components, and FDI in assembly in the South occur because firms
can spare on unit production costs by doing assembly in the South at additional fixed
costs. FDI in intermediate goods production in, i.e., component imports from, the (low-

wage) South takes place, because of lower unit production costs of components there at



additional plant fixed costs. In other words, the volume of trade in components
increases in international factor endowment differences, hence, per-unit variable cost
differences. Concerning the impact of country size, the conclusions are similar to

Markusen (2002).

Recent research on the international organization of production in multiple
sequential stages puts emphasis on a trade magnification effect (Hummels, Rapoport,
and Yi, 1998, Hummels, Ishii, and Yi, 2001, Yi, 2003). In a dynamic Ricardian trade
model, Yi (2003) demonstrates that a deeper fragmented production does not only lead
to increased intermediate goods trade per se, but to multiple border-crossings of
sequentially finished goods with incremental value added at each production stage. In
turn, the share of final goods trade in overall trade gets smaller as the international
fragmentation of production rises. This literature is less explicit about whether this type
of trade occurs within or across firms (at arm's length). However, the arguments are
valid for intra-firm trade in components as well. Accordingly, intra-firm imports should
stimulate intra-firm exports and vice versa due to this magnification effect. This
motivates the specification of a two-equation system with intra-firm goods exports and

imports as the endogenous variables.

Finally, the industrial economics branch of research on the determinants of intra-
firm trade underpins the relevance of greenfield versus acquisition FDI for intra-firm
trade (in text-book knowledge capital models of MNEs summarized above, all
investments are greenfield). In this regard, Zejan (1989) finds a negative impact of
acquisitions on intra-firm trade of Swedish MNEs. Andersson and Fredriksson (2000)
estimate a negative effect of similar size for both imports of final goods and of
intermediates of Swedish MNEs. They argue that greenfield investments are positively
correlated with intra-firm exports from the headquarters due to the reliance on firm-

specific technology.

3  Specification and data base

Part of the theoretical models summarized in section 2 suggests specifying intra-

firm trade as a system of two equations with intra-firm exports and imports as

? In Markusen's model, skilled labor and unskilled labor are the primary production factors. For the ease



endogenous variables. Below, subscript i always refers to the host, in our case Austria.
The index j refers to one out of five host regions’, k indexes the NACE industry”, and
t=1989,...,2001. As motivated above, both intra-firm exports and imports are a function
of market size and per-unit production costs in both the parent (i) and the host country
(). We approximate parent and host market size by apparent consumption (Si, Sjx) at
the industry level ($k$) in each year (f). Apparent consumption is defined as gross
production minus exports plus imports in each year, all measured in nominal terms.
Parent country and host country unit labor costs (cix, cji) serve as a measure of per-unit
production costs, and they are defined as labor compensation divided by value added.’
Further, impediments to exports (imports) for intra-firm exports (imports), negatively
affect intra-firm exports of goods. As a measure of these trade impediments, we use the
industry-level overall export openness of the parent measured by exports over gross
production (xj,) and the overall import openness of the host measured by imports over
gross production (mji) in the intra-firm exports equation. Similarly, we include the
overall export openness of the host (xj,) and overall import openness of the parent (1)
in the intra-firm import equation. Following Andersson and Fredriksson (2000), the
bilateral share of Austria's greenfield investments in the country's total outward
investments in a given host at the industry-level is included (gjx) in both equations.
Further, we presume that intra-firm exports rise with the depth of international
fragmentation of production. For instance, if affiliates are specialized in different
production stages as in Grossman, Helpman and Szeidl (2003), there is a positive nexus
between the number of plants and the scope of intra-firm trade. To capture this effect,
we include the average number of plants per MNE in a given host at the industry-level
(Njjw). Finally, we control for plant-specific productivity and argue that intermediate
import demand of the parent country rises with the productivity of the foreign
subsidiaries. This is to account for the potential difference in technologies between

foreign subsidiaries and foreign local firms. We measure the average productivity of

of presentation, we refer to capital and labor in the summary of the theoretical hypotheses, instead.
Host countries with available explanatory variables are aggregated into the following regions by the
Austrian National Bank: Germany, EU13 (i.e., EU1S5 as of 1995 but without Austria and Germany),
USA and Canada, Hungary, Czech Republic and Slovak Republic.

The industries are aggregates of two-digit ones. They are listed in Table A2 in the Appendix.

One would usually use real value added in the denominator. However, in our case this would lead to a
loss of the majority of observations due to missing industry level price indices. Therefore, we stick to



foreign affiliates by sales per worker in a given host and industry (p;«). To ensure that
the explanatory variables such as country size or unit labor costs do not pick up effects
that are common to all observations, we include fixed time effects to control for, e.g.,
the common business cycle in Austrian outward FDI. Finally, we include host-country-
industry fixed effects in both the export and the import equation (uj, &) to guard
against the bias from omitted time-invariant variables (geographical ones such as

distance or common borders and cultural ones such as common language).

Formally, the specifications of intra-firm exports (X) and imports (M)

read:

In Xije = aot ayln Mg + a2 In Syt a3 In Sjpe + ay In cigp + as In cji

+ a6 Xire + 07 Mt 08 Gijke T 09 Ny + @11 pijie + lambda; + mug + &5

In My = Bo + B1 In Xij + B2 In Siy + B3 In Sjge + g In cire + Bs5 In cjie

+ BsXjke + f7 mike + s Gije TVe + Sije T Nt

where ¢;; and 7;; are the respective, possibly correlated remainder error terms.

Bilateral industry data for intra-firm trade in goods and components (Xju, M)
and the other industry-level information on affiliates such as the share of greenfield
investments (g;x), the number of affiliates per MNE (N;), and affiliate sales per
employee (p;r;) were kindly provided by the Austrian National Bank. The data set
comprises only the Mining and quarrying and the Manufacturing subsectors. Hence, we
do not consider trade between the parent and affiliates that are specialized in the
distribution of goods. Accordingly, it is reasonable to assume that our intra-firm trade
data mainly reflect trade in components. Intra-firm trade in services is also excluded.
The other explanatory variables (Si, Sjk» ik Cjir) are from the OECD STAN-database.
Tables A1 and A2 in the Appendix summarize the descriptive statistics for both the

dependent and the independent variables.

nominal rather than real data for value added and apparent consumption. However, we control for
overall inflation by time dummies.



4  Econometric issues and empirical results

The magnification effect due to multiple border-crossing intra-firm trade in
components a la Yi (2003) implies that intra-firm exports boost intra-firm imports and
vice versa. Therefore, /n M) is endogenous in the first equation and /n Xy is
endogenous in the second one. Accordingly, one can expect a;>0, f;>0. In this case,
simple OLS-estimates of the parameters are biased. To obtain consistent parameter
estimates, we apply instrumental variable (IV) methods and estimate the two equations
by two-stage least-squares (2SLS) as well as by three stage least squares (3SLS). As
formulated, the two equation system is over-identified. In the first equation, all
exogenous determinants exclusively used in the second equation are valid instruments,
and vice versa for the second equation. In our case, this means that at least two
instruments are available in each equation: xj, and my, for In My, in the intra-firm
exports equation; X, Mjw, Ny, and pjx for In X in the intra-firm imports equation.
There are two prerequisites for consistent and efficient parameter estimation. The
instruments must jointly contribute significantly to the explanatory power of the
respective first-stage regression, and they have to pass the over-identification test. The
first one guarantees that IV does not invoke a serious loss in precision, which is
especially important in small samples. The second one ensures that the instruments
themselves are not omitted relevant regressors in the second-stage regression. Further
efficiency gains can be achieved by considering both equations as a system. Especially,
if the correlation between ¢;; and #;; is high, three-stage least-squares (3SLS) systems

estimates will exhibit smaller standard errors on average (see Greene, 2003).°

6 Further efficiency gains can be achieved by adopting an iterated 3SLS approach instead of one-step
estimation.
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Table 1 summarizes the 2SLS estimation results of both the exports and imports
specification and also the iterated 3SLS system estimates. In all reported models, the
instruments are jointly relevant and they pass Sargan's over-identification test.” Both the
time effects and the industry-host-country effects contribute significantly and the R’ in
both the intra-firm exports and the intra-firm imports equation is relatively high.
Because of the associated gain in efficiency, indicated by the high and negative
correlation of the residuals across equations, we focus on the discussion of the iterated

3SLS results in the table.

Under iterated 3SLS, the coefficients of the endogenous intra-firm trade variables
in both equations can be estimated significantly. This is a strong indication for Yi
(2003) type trade in components and the induced magnification effects. Intra-firm
exports and imports re-enforce each other and, hence, are complementary rather than
substitutive. This finding lends support on the importance of multi-stage international

fragmentation of production.

The point estimates for the size and cost variables (In Si, [n Sj, In ci, In cjk)
exhibit the opposite signs in the exports and imports equations. The finding of a
negative (positive) impact of parent (host) size for intra-firm exports lends support to
Markusen's (2002) hypothesis. The result that larger markets tend to import from their
affiliates in small hosts is difficult to explain from this model of one-way intra-firm
trade in goods. However, it implicitly indicates that at least part of the production is

organized internationally in sequential stages, as hypothesized by Yi (2003).

It does not come as a surprise that higher unit labor costs abroad or at home
impede intra-firm trade. Higher unit labor costs in the parent make exports to affiliates
from there less profitable. Higher unit labor costs in the host market render the host's
location less attractive for exports back home and to third markets (via national firms or
export-platform MNEs). The former unit labor cost effect again lends support to
Markusen's (2002) model. Similarly, the model of Grossman, Helpman and Szeidl

For the iterated 3SLS model, the corresponding likelihood-ratio over-identification test-statistic is
computed as LR=n{In [det(W})] - In [det(W)]}, see Greene (2003). There, n denotes the number of
observations, Wy =(R’R)/n with R as the n x 2 matrix of iterated 3SLS residuals for both equations,
and WU = (U’U)/n with U as the n x 2 matrix of reduced form iterated SURE residuals. The test
statistic is distributed as y’(0), where o is the number of over-identifying restrictions in the system (in
our case, o = J).

10



(2003) suggests that intra-firm exports decline in In cj, - In cy. The reason is that
component exports from the parent with assembly in the host are motivated by
production cost savings in this model. This model also implies that intra-firm imports
decline in /n cji - In ci, being at odds with our findings. Both an increase in Austrian
and the hosts' unit production costs reduce the competitiveness of Austrian MNEs. From
this perspective, it is not surprising that intra-firm imports rise in Austrian unit labor
costs. However, it is difficult to explain our finding of a positive impact of host country
unit labor costs for intra-firm imports from there. This result might reflect the low direct
substitutability of affiliate locations and imports from there. Another reason might be
found in the low level but high growth of unit labor costs in Central and Eastern Europe.
Obviously, these countries are still on their transition path and MNEs do not have an

incentive to relocate plants despite the rising costs there.

For intra-firm goods transactions, trade impediments seem less important than for
overall goods trade, according to the structural form estimates in Table 1. This can be
seen from the insignificant export and import openness coefficients in both equations.
The low sensitivity of intra-firm trade with respect to trade openness could also indicate
the prevalence of transfer-pricing to avoid tariffs or that tariff levels in manufacturing
are already low in general. A higher share of greenfield investments is associated with
less intra-firm exports but more intra-firm imports by the parent. The corresponding
parameter in the imports equation is only marginally significant. This finding is partly at
odds with that of Andersson and Fredriksson (2000). They find a negative impact for
both intra-firm exports and imports in a sample of Swedish MNEs (note that they use
the share of acquisitions rather than that of greenfield investments in total investments).
Our result may indicate that newly established plants abroad are mainly low-cost
seeking, producing the intermediates locally at lower costs. The other explanatory

variables are obviously of minor importance.

11



Table 2: Wald Tests on Joint Contribution of Variables (Based on the Iterated
3SLS in Table 1)

Blocks of variables Degr. of freedom ¥ -statistic P-value
Endogenous variables (In Xi, In M) 2 31,62 0,000

Apparent consumption (In S, In Sj) 4 22,23 0,000
Unit labor costs (In ci, In C) 4 27,88 0,000
Trade openness (X, Xk, Mik, Mikt) 4 1,57 0,815
Other continuous variables (gix:, Nixt, Pikt) 4 5,54 0,237

According to the Wald-tests in Table 2, the major contribution under iterated
3SLS comes from three blocks of variables: the endogenous ones suggested by Yi
(2003), and the size and cost variables motivated by the models of Markusen (2002) and
Grossman, Helpman and Szeidl (2003). The other variables are of less importance.® The
tests in Table 2 refer to the structural model estimated in Table 1. However, these tests
only give an insight into the immediate consequence of a shock in, e.g., unit labor costs,
on intra-firm exports and imports. The fact that intra-firm exports and imports are
strongly interdependent leads to the question of the overall (direct and indirect)
consequences of a change in one of the exogenous determinants. Define the matrix of

the two endogenous variables' parameters as
B ( 0 alj
g0
and let

d, d
- [ 4 4
21 22

denote the multiplier matrix, capturing the magnification effects associated with Yi
(2003) type trade. In our case, all elements in D are positive and real. The total effect on
intra-firm exports of a shock in, say, Austrian apparent consumption /n Sy, (a variable
that directly affects both intra-firm exports and imports) is (d;;a,+ d;sf2) Aln Sy, The
corresponding total effect on intra-firm imports is (dz;02+ d2sf5) Aln Siy,. The impact on
intra-firm exports of a determinant such as Austrian export openness x;, that exhibits no
direct effect on intra-firm imports is d;;06°Ax;,. However, there is also an indirect effect

on intra-firm imports of d,;a6 Axi.
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We report the total effect of all explanatory variables in Table 3. Additionally, we
compute the importance of the direct effect relative to the total impact. Since all
elements in D are positive and the parameters of variables like /n Sy, exhibit the
opposite sign in the export and import equation, their total effect on either type of intra-
firm trade is not clear-cut, if their sign differs in the two equations. For all variables that
enter in both the export and import equation, the total (direct plus indirect) effect
deviates considerably from its direct counterpart. The point estimates of apparent
consumption (/n Sy, [n Sj) and unit labor costs (/n cii, In cji;) enter at least marginally
significantly in the export equation. They only play a minor role for Austrian intra-firm
imports. However, the point estimates for /n Sy, and In Sy, in the import equation
support the arguments put forward in Grossman, Helpman and Szeidl (2003), but they

are insignificant.

Austrian trade policy is proxied by the import openness at the industry level. We
associate lower tariffs and trade costs with a higher level of overall import openness.
The results in Table 3 point to a pronounced negative impact of increased industry-level
openness in Austria on its intra-firm trade in general. Again, this could indicate the
prevalence of transfer pricing practices by MNEs. If tariffs and transport costs get
lower, competition for MNEs gets harder, because it then pays off also for national
firms to serve foreign markets via exports. Similar to its direct impact, a higher share of

greenfield investments leads to less intra-firm trade.

Despite their insignificant direct effects, higher numbers of foreign affiliates per
headquarters are associated with more intra-firm trade. A higher level of foreign
affiliate sales per employee tends to reduce intra-firm trade. The latter can be interpreted
as a negative association of pricing of the affiliate, i.e., its productivity or costs, with
intra-firm trade, given the average costs and productivity at the industry level. It is
noteworthy that intra-firm imports are mainly determined by variables that could not be

precisely estimated in the structural form equations of Table 2. This underpins the non-

¥ Nevertheless, they serve as relevant and valid instruments in one or both of the equations as indicated
in Table 1.
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trivial impact of mutual interdependence of exports and imports and the importance of
our exercise to compute the total effects. Further, the major determinants of intra-firm
imports are only weakly supported by the text-book models of trade and multinationals,
motivating further theoretical research on intra-firm trade in general equilibrium models
of MNEs. Specifically, distinguishing between greenfield investment and mergers and
acquisitions could provide important new insights into the determinants of intra-firm

trade.

5  Sensitivity analysis

Regarding the above estimation results, several issues concerning their robustness
need to be addressed. First, one could argue that the findings might be sensitive to the
use of apparent consumption as a measure of economic size at the industry level. In
particular, since we focus on intra-firm trade that to an important extent should be in
intermediate goods, gross production might be seen as a reasonable alternative measure
of industry-level economic size. We summarize the results of the iterated 3SLS
regression to the left in Table 4, using industry gross production available from the
OECD STAN-database instead of apparent consumption.” However, our findings for the
relative magnitude of the coefficients and their signs seem insensitive with respect to
this choice. Moreover, the explanatory power of this model is inferior as compared to

the original one summarized in Table 1.

? For convenience, we use gross production as a measure of size throughout in Table 4.

15



610" - 0S'0- - 29'0- -

AN - ¥20°1L- - LO¥'0- - iy :ssauuado Hodxs s)SOH
10 - 4A) - 150
- 2020 - L9¥°L - 6990 Pix :ssauuado podxe ueuysny
16°1 G8‘L- 09°} 6L°1L- G6'l G8‘L-
A A «788°L- ¥00°€ RAx4 «GE€Z'C SvLL- » u| 181500 JOgeE| YUN S)SOH
€6°C Le'e- €lL'e L2'¢- 88°C ov'e-
+xG6E'9 «xG1G'G- «x9G.'8 »x bELO- «xGGV'9 »x79C'G- PO U] S]S09 Joge| Jun ueL)sny
€5°0- 950 GlL')- 150 z8'0- L0°L
162'0- 1220 ZL0')- L9¥'0 z.l¥'0- Lzv'o Mg uj :uondwinsuod justedde jo pesjsul uoionpoid ssolb s 1soH
20 25 v, 88°¢C- or'e 6le-
/88T »GCS'C- +xG0E'G »xC08°€- »E6V'E »x9V6°C- Mg u) :uondwnsuod jusiedde jo pesisul uolonpoid ssoub uelysny
- 69°C - L€°) - 8€C
- «x928°0 - 8150 - +969'0 M Ul s3soy wody spoob Jo spodwil wiy-eaul ueKiSNY
Gl'e - 09°¢ - 8G°¢ -
wxVGLL - wxV0E’L - wxxbBL°L - Pl uj :3s0Y 03 Spo0B Jo Spodx® Wiy-eAUl UBLISNY
suodwil suodxe suodwil suodxe suodwil suodxe
607 607 607 607 607 607
S)}S09 (ongnday uondwnsuod jusiedde jo sa|geleA Alojeue|dx3
apeJy 618gao| apnjou| 3eAo|S pue olignday peajsul uononpoud ssolo

yosz) 10} G661 19)e pue
Aiebuny 1o} 661 Joye)
sjuswaalby adoing jo
uoljedlyljey-1S0d 9pn|oxy

PPOIAl STISE PIILIAN] ) JO SISA[EUY AJADISUIS :p d[qe ],



"(I°0)N se pamnqLusip ore

sonsne)s 9sAY [ "A[0AN0adsar ‘960" L] PUR ‘LTT°ST ‘POE L] 9Te SonsNe)s-1s9) Surpuodsaliod Y], “S[opoul pAjetnsd

21 JO OB UI [)IM 1S9)-BPUOH 3} 03 SUIPIOIOE [9AJ] %, ] O J& PRJ0afar sT suonenba om) 2y} JO UONLB[ALIOD 0IOZ © JO

OH 9YL "%01 Y2 JuedlIusIs , 04G 18 JUBOIJTUSIS 44 ‘04 ] € JUBIIUSIS 444 'SONISIILIS-] ATE SJUSIDIJJO00 MO[0q SIS :SOION

«xx000°0
€020

68L°L
6120
Ge
16¢

GLL
0LE0
oLo-
S00°0-

€2'0-
zse'o-

«x000'0
«120°0

8660
2920
Ge
L6¢

vL'0-
L00'0-
9L'0
000
LZ°)-
gLz'o-

142
L2oo-
zL'o
00L0

1190

«x000'0
«/€0°0

20€°)
€02°0
4
vee

8G°l
2.9'0

61"
€v9'L-

1120 1290 (onsnejs-,X uebleg Jo anjea-d) uoneoyiuspI-IBAQ
«x000°0 «x000°0 «x000°0 (onsnejs-4 Jo anjea-d) syoaye Ansnpul-jsoH
0000 «+6€0°0 w1000 (onsnels-4 jo anjea-d) spseye awi]
2180 vic'L 1060 Jole aienbs uesw Jooy
780 010 808°0 2d
14 JAS 1€ slied Aisnpul-jsoy jo JaquinN
yee L0E L0g SUOIIBAISSQO JO JaquinN
Nm.On - mv.o:
800°0- - $00‘0-  ™id oy ur sejelye ublalo) uelsny Jo eakojdws Jod sojeg
¥9°0 - 160
G200 - €100 Ml 1oy ul sajeljie ublalo) uelysNy Jo JaquinN
zee GZ'L €G°L-
PS80~ ave‘0 ¥62°0- M6 13soy ul sjuswisaAul pialyusalb uelisny Jo aseys
- - - »ify :spodwi UeLysNy 4oy S)s090 apel) Biageo)
- - - »illy :sp0dxe ueL)SNY 10} S)S00 apel) Biagao|
¥0°0 - zvo
€200 - 862°0 »iw :sssuuado podwi S 1SOH
- €8°0- -
- 256°0- - M :sssuuado podwi uewysny

APOJAl SISE PAJLIAN] 3Y) Jo sIsA[euy AYADISUIS :(PINUPU0I) Qe L

17



Further, Yi's (2003) model provides a hypothesis which we did not test for so far.
Namely, the sensitivity of trade with respect to trade liberalization should rise with the
relative importance of intermediate goods trade. However, with our small dataset this is
difficult to infer for two reasons. First, most of the bilateral intra-firm trade relations in
our sample are not impeded by tariffs. Specifically, this holds true for Austria's trade
with Germany and the EUI3 economies; additionally, tariffs were successively
eliminated for trade with Hungary, Czech Republic and Slovak Republic. Second, it is
difficult to collect data on tariff measures for all involved countries and years.
Therefore, we address this issue indirectly and exclude the intra-firm trade observations
after the establishment of the Europe Agreements with Hungary, Czech Republic, and
Slovak Republic. The second bloc of results in Table 4 summarizes our findings (again,
we use gross production as the measure of size). In this sub-sample of observations, the
interconnectedness of intra-firm exports and imports is higher.'® According to Yi, we
would expect trade to react more sensitively to trade liberalization in this case. We
should emphasize that we focus on intra-firm trade only and the corresponding (trade
openness) parameters are not significant in Table 4. However, the direction of change in
the point estimates of the corresponding parameters seems consistent with Yi's

hypothesis.

Finally, one could argue that the used measures of trade openness do not only
reflect tariff-type trade costs but, at the very least, also iceberg type impediments to
trade. Again, we need to mention that tariff measures of trade for the whole sample of
countries, industries and years are not available. However, we can compute cost-
insurance-freight over free-on-board (c.i.f./f.0.b.) measures of overall goods trade
between Austria and the 5 blocks of economies. For this, we use the U.N. World Trade
Database and Haveman's correspondence tables to derive bilateral trade figures at both
c.i.f. and f.o.b. for both Austrian exports and Austrian imports (i.e., exports of the
relevant partner economies). To include these iceberg measures of trade costs means

narrowing the scope of the included openness measures. After controlling for iceberg

' Note that we observe a small annual decline of intra-firm trade in our data base according to the
descriptive statistics. The elimination of post-Europe-Agreement observations means to focus on
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trade costs, the openness variables should be more directly associated with policy
impediments to trade such as tariffs.'' In our dataset, it turns out that industry-level
bilateral iceberg trade costs do not enter significantly in the regressions. Accordingly,
the point estimates of the other variables are affected only to a minor extent as
compared to the original ones in Table 1 or those in the first block of results reported in

Table 4.

6 Conclusions

Intra-firm trade has emerged to an important component of international trade
flows in the recent decade. Based on hypotheses derived from general equilibrium
models of trade and multinationals, we analyze the determinants of Austrian intra-firm
trade in goods and components. Thereby, we concentrate on the five most important
host country groups including relatively rich ones like Germany, the U.S. and Canada
but also low-wage transition countries (Hungary, Czech Republic, and Slovak Republic)
and analyze the corresponding intra-firm trade flows at the industry level over the

period 1989-2001.

Following Yi (2003), we pay specific attention to the magnification effect. With
deeper international fragmentation of production components are shipped back and
force, crossing borders several times. This requires modeling intra-firm exports and
imports in a simultaneous equation framework. Our estimates provide strong support for
the magnification effect. Market size and unit labor costs are important determinants of
intra-firm exports, grossly supporting the general equilibrium models of Markusen
(2002) and Grossman, Helpman and Szeidl (2003). In contrast, intra-firm imports are
mainly driven by Austria's openness to trade, the relative importance of greenfield
foreign direct investment, and the average number of affiliates per headquarters in a

given host.

earlier years on average. In these years, the average annual change in intra-firm trade in the sample is
also higher.

We are well aware of the criticism with respect to c.i.f./f.o.b. trade costs (see Hummels and
Lugovskyy, 2004, for a survey). One way to overcome the measurement error in c.i.f./f.o.b. data,
would be to use instrumental variables. Limao and Venables (200?) suggest using infrastructure
variables among others. However, at the industry level such variables are not available. Also, in our
case this would increase the number of simultaneous equations, potentially leading to convergence
problems with the iterations.
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Visiting researcher at the Deutsche Bundesbank

The Deutsche Bundesbank in Frankfurt is looking for a visiting researcher. Visitors should
prepare a research project during their stay at the Bundesbank. Candidates must hold a
Ph D and be engaged in the field of either macroeconomics and monetary economics,
financial markets or international economics. Proposed research projects should be from
these fields. The visiting term will be from 3 to 6 months. Salary is commensurate with

experience.
Applicants are requested to send a CV, copies of recent papers, letters of reference and a

proposal for a research project to:

Deutsche Bundesbank
Personalabteilung
Wilhelm-Epstein-Str. 14

D - 60431 Frankfurt
GERMANY
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