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Abstract 

The growing levels of trade in intermediate goods and foreign direct investment are two 

distinctive features of present globalization. Although they have been analyzed separately in 

the empirical literature, their interaction has remained largely unexplored. Using the gravity 

equations method, this study examines the relationship between outward FDI stocks and 

finished and intermediate goods exports in the US economy over the period from 1989 to 

2003. The empirical results show that the disaggregation of bilateral trade flows into finished 

and intermediate goods provides meaningful information for the analysis of the relationship 

between the US intermediate goods exports and outward FDI stocks. In contrast, the results 

find a weak evidence of substitution effects between the US finished goods exports and 

outward FDI stocks.  
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1. INTRODUCTION 

 The increased importance of globalization in world trade has created an interest among 

trade economists. Most researchers seem to agree that increased share of international 

production fragmentation in the world economy and increased flows of foreign direct 

investment (FDI) are the two distinctive features of this rapid globalization. Fragmentation 

occurs when the production of a final good requires multiple stages.1 Each stage in a 

fragmented production process requires different factor intensities and thereby firms are 

expected to exploit the factor cost differences across countries. Backed up by the reduction in 

trade barriers and the developments in transportation and communication technologies, firms 

have established extensive production and distribution networks to take advantage of 

differences among countries over the last two decades. Recent evidence suggests that the 

establishment of such networks ultimately led to a surge in intermediate goods trade (Feenstra 

and Hanson (1998), Hummels et al. (1998), and Yeats (2001)).  For instance, Yeats (2001) 

measures that the share of parts and components in total manufactured US exports and total 

manufactured US imports in 1995 are 24.4 per cent and 15.6 per cent, respectively.    

 Similarly, flows of FDI have increased significantly in recent years induced by the 

liberalization of capital movements across national borders. Multinationals play a dominant 

role in international trade, with two-thirds of the world trade being carried out by 

multinationals. In 1995, trade associated with US multinational corporations – trade involving 

United States parents, their foreign affiliates, or both – accounted for 62% of all US exports of 

goods and for 39% of all US imports of goods (U.S. BEA, 1997). Chen et al. (2005) found 

that a significant portion of US exports of manufactured goods carried out by US 

multinationals is sent to foreign manufacturing affiliates of US multinationals have mainly 

                                                 
1 There are different types and terms of fragmentation used in the fragmentation literature. These are 
“outsourcing” by Feenstra and Hanson (1995, 1996, 1997, and 2001), “disintegration of production” by Feenstra 
(1998), “fragmentation” by Deardoff (1998 and 2001) and Jones and Kierzkowski (2000 and 2001), “vertical 
specialization” by Hummels, Rapoport, and Ke-Mu Yi (1998), and “intra-product specialization” by Arndt 
(1997, 1998, and 2001). 
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consisted of materials and components for further processing or assembly: the share of US 

exports to foreign affiliates for further manufacturing had increased from 15.6 per cent in 

1977 to 22 per cent in 1999. This evidence suggests that outward FDI flows indeed create 

trade; therefore, a complementary relationship exists.  

The complementary or substitution relationship between FDI and trade, in particular 

exports, has been a subject of debate in both theoretical and empirical literature since the 

1970s. While most theories of the multinational firm indicate that FDI and trade are 

substitutes, with the exception of Blonigen (2001), Head and Reis (2001), and Swenson 

(2004), previous empirical studies have almost always uncovered a positive relationship 

between FDI and exports. The empirical findings of Blonigen (2001), Head and Reis (2001), 

and Swensson (2004) suggest that the traditional finding of the complementary relationship 

between the FDI and trade stems largely from the fact that most empirical work focused on 

the total trade volumes. They argue that the motivation of finished goods and intermediate 

goods trade presumably differ. In particular, potential complementary effects between the FDI 

and trade arise mainly from increases in demands for intermediate goods in vertical 

relationships, and substitution emerges from trade displacement among finished goods.  

Hence, disaggregation of total trade volumes into finished and intermediate goods component 

could lessen these problems and help us to test for a complementary effect separately from 

substitution effects.  

This study investigates the relationship between outward FDI stocks and exports by 

disentangling trade data into final and intermediate goods for the US trade with 25 selected 

OECD countries over the period of 1989 to 2003. This allows us to analyze the role of 

intermediate goods trade in producing complementary effects of the FDI on trade.  The results 

show that the outward FDI stocks complements for trade at aggregate level while it indicates a 

negative but insignificant effect of the FDI on finished goods exports. Thus, the FDI appears 
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to lead to a weak substitution effects on finished goods exports, unlike previous studies using 

total trade volumes. On the other hand, the regression results demonstrate a strong positive 

relationship between the outward FDI stocks and intermediate goods trade, proving that 

complementary effects are the result of vertical linkages of the MNEs. In other words, the 

results suggest that horizontal models of FDI are better described than vertical ones if  the 

exports of finished goods are used in the regressions, but if the exports of intermediate goods 

are employed the models, the vertical strategy works better. This paper also proves that the 

inconsistency between the theories of FDI and the empirical findings is the result of 

aggregation bias. Thus, the results obtained here confirm the suggestion made by Blonigen 

(2001) that aggregation bias might simply be the main reason of the traditional finding of 

complementary effects of FDI on trade.   

The structure of this study is as follows. The next section presents a theoretical and 

empirical literature on FDI-trade linkages. Section 3 outlines the empirical model while 

Section 4 presents the data used in the analysis. Section 5 describes the econometric 

procedure and discusses the empirical results, and Section 5 concludes.  

2. LITERATURE REVIEW 

 As a starting point for further econometric analysis, this section begins with a brief 

survey of the theoretical and empirical literature on the relationship between FDI and 

international trade.  In order to do so, the previous literature and implications of each type of 

FDI (vertical or horizontal FDI) on the trade will be discussed. Finally, a number of existing 

empirical studies on the relationship between FDI and trade will be evaluated.    

2.1 Theoretical Issues 

 In the trade literature, distinguishing between horizontal and vertical FDI is a popular 

approach to see whether FDI can substitute or create trade. Horizontal FDI consists of the 
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production of the same goods or services in multiple plants in different countries while 

vertical FDI refers to those multinationals that geographically fragment production by stages.  

Theoretical literature on horizontal FDI, such as Markusen (1984) and later Brainard (1997) 

predict that the substitution between FDI and trade prevails over complementary. In Markusen 

(1984), horizontal FDI arise from the interaction between plant-level activities and firm-

specific activities or assets. Plant-level activities are related to the production in a single plant 

whereas firm-level activities include research and development (R&D), marketing, and 

managerial services etc. Markusen (1984) indicate that the firm-level assets have the 

characteristic of public goods that can be used across multiple plants within a single firm 

without additional cost. Hence, a multinational firm decides to serve foreign market via 

establishing an affiliate instead of exporting if the additional fixed costs of establishing new 

plant in the foreign country are less than the fixed cost of a new firm. Another reason to locate 

abroad in Markusen’s (1984) horizontal model is to avoid trade costs, such as tariffs and 

transport costs. Thus, the choice of multinational firms depends on the trade-off between the 

gains from locating near consumers and the losses from not locating all production in a single 

location.   

Markusen (1984) also show that horizontal FDI is likely to take place between 

countries that are similar in terms of income, factor endowments, and technologies. Suppose 

first that firm-level assets are skilled-labor intensive relative to final production. If the home 

country becomes slightly more skill abundant relative to the host country, then the horizontal 

multinational loses its comparative advantage in both headquartering and the production of 

the MNE’s good. Henceforth, domestic firm conducts the complete production in the home 

country since domestic firm (without facing transportation costs and tariffs) may remain more 

profitable than multinational firm. This model thus predicts a negative relationship between 

the skill differences and horizontal FDI.  
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 More recent versions of the horizontal FDI are found in Hortsmann and Markusen 

(1987, 1992) and Brainard (1997). In confirmation of substitution effects, Brainard (1997) 

develops a two-country, two factor general equilibrium model of horizontal MNE activity that 

distinguishes between plant and firm-level scale economies and acknowledges the existence 

of trade barriers and transportation costs. According to Brainard (1997), MNEs face a 

proximity-concentration trade-off. Firms can either export or establish an affiliate and 

produced abroad. If firms choose exports rather than production, then they are subject to 

transport costs and tariffs. On the other hand, by establishing an affiliate in the foreign 

country firms may overcome various trade barriers and transport costs. However, producing 

abroad generates additional plant-level fixed costs because establishing a new plant in the 

foreign country is necessary with this horizontal strategy. Brainard (1997) argues that the 

choice between horizontal FDI and international trade at country and industry levels depends 

on the trade-off between proximity and concentration. According to proximity-concentration 

hypothesis of Brainard (1997), firms are most likely to choose to serve the foreign market via 

production if the transport costs and tariffs are high and the plant-level fixed costs are low. If 

proximity advantages outweigh concentration advantages, there will be substitution 

relationship between FDI and trade. Similar to the horizontal model of Markusen (1984), 

Brainard (1997) also suggests that FDI will substitute for trade when countries are similar in 

size, technologies, and factor endowments.  

Theoretical models based on vertical FDI, such as Helpman (1984), and Helpman and 

Krugman (1985), however, predict complementary relationship between FDI and trade. In 

these types of models, the differences in relative factor costs are the driving force behind 

vertical FDI. Helpman (1984) develops a model based on the traditional Hecksher-Ohlin 

model with the exception that factors used in the production of MNE’s good can be combined 

across countries. The model considers two different activities: headquarters activity and 
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production activity. Headquarters activities, such as R&D, management, and marketing, are 

assumed to be skill-intensive whereas production activities are not. Since each activity 

requires different factor intensities, MNE corporations can separate the production chain 

vertically by outsourcing some stages abroad.  In the traditional Hecksher-Ohlin trade models, 

trade leads to equalization of factor prices between countries if the factor endowments of two 

countries lie within the Factor-Price-Equalization (FPE) set. Likewise in traditional Hecksher-

Ohlin trade models, this model suggests that equalization of factor prices between countries 

can be achieved through trade in goods when difference in factor endowments of countries are 

not sufficiently large, i.e factor endowments are within the FPE set. If, however, factor 

endowments are outside the FPE set, then it is profitable for the firm to separate headquarters 

activities and production activities across countries. For instance, if the home country is a 

skill-abundant country, then multinational firm will produce skill-intensive headquarters 

products at home and exchange them for the low-skilled products from the low-skilled labor 

abundant foreign country. Thus, the vertical model of Helpman (1984) implies that vertical 

FDI creates complementary trade flows of finished goods from foreign affiliates to parent 

firms and intra-firm transfers of intermediate goods (such as headquarters activities) from 

parent firms to foreign affiliates. Overall, the model suggests that vertical FDI is likely to 

occur between developed and developing countries.2  

Recent years, there have been attempts to combine both horizontal and vertical 

motives for FDI. Examples include Markusen (1997, 2000) and Carr et al.(2001). Theoretical 

models developed in these studies refer to as the knowledge-capital model and they are based 

                                                 
2 International fragmentation of production may also occur without multinationals. A firm can produce the 
intermediate goods in a foreign affiliate (intra-firm transactions) or it can outsource them to foreign supplier 
(arm’s length transactions). Vertical FDI can therefore be classified as a subset of the fragmentation. Likewise 
the models of vertical FDI, a number of trade economists analyzed various aspects of international fragmentation 
by particularly emphasizing the differences in factor prices across countries. Sanyal (1983), Hummels et al. 
(1998), and Deardoff (1998) have employed the Ricardian model to explain the pattern of vertical specialization 
in intermediates. On the other hand, Feenstra and Hanson (1997), Arndt (1997, 2001), Deardoff (1998), and 
Jones and Kierzkowski (2001), use the Heckscher-Ohlin model to explain the effects of fragmentation on the 
pattern of specialization and especially on factor returns.   
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on three fundamental assumptions.  First, the location of knowledge-based assets can be 

fragmented geographically across countries; second, knowledge-based assets are skill- 

intensive relative to production activities; third, knowledge-based assets are joint (public) 

inputs that can be used in multiple plants.  The first two assumptions create motives for 

vertical type multinationals whereas the third assumption generates motives for horizontal 

type multinationals. The knowledge-capital model predicts several combinations of horizontal 

multinationals, vertical multinationals, and national firms depending on the country 

characteristics, such as size, size differences, factor endowments differences, trade costs, and 

investment costs.  In particular, horizontal FDI is more prevalent when countries are similar in 

terms of size and factor endowments and trade costs are high. On the other hand, vertical FDI 

is more common when countries differ substantially in terms of factor endowments, and trade 

and investment costs are low. Consequently, this model suggests that FDI and trade can be 

substitutes between developed countries while FDI and trade tend to be complements between 

developed and developing countries.  

Overall, the brief review of literature shows that there are reasons that suggest both 

complementary and substitution effects of FDI on trade. In particular, the vertical models of 

FDI postulate a complementary effect, while the horizontal model predicts a substitution 

effects. The combination of both models, namely the knowledge-capital model, on the other 

hand, admit both horizontal and vertical FDI and consequently predicts both complementary 

and substitution effects depending on the parameters of the model. In order to clarify this 

relationship, an empirical analysis is thus needed.  

2.2 Empirical Studies 

Despite the strong theoretical reasons for both substitute and complementary 

relationship between trade and FDI, the majority of existing studies predict a positive 

relationship. Empirical studies on the relationship between FDI and trade can be grouped into 
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three categories: country-level studies, industry-level studies, firm-level studies, and product-

level studies.  

Studies at the country level include Grubert and Mutti (1991), Clausing (2000), and 

Eaton and Tamura (1994). For instance, Grubert and Mutti (1991) examines the relationship 

between FDI and trade, using 1982 data on a cross-section of 33 countries that have bilateral 

trade relationship with the US. The cross-sectional empirical analysis suggests that a 

complementary relationship exists between the FDI and the US exports. In addition, the 

authors find evidence of a significant complementary relationship between FDI and imports 

for the US, if FDI in the host country is built to serve the US market.  Using two-panel data 

sets on the operations of the US MNEs in 29 host countries and the operations of foreign 

MNEs in the US for the period of 1977-1994, Clausing (2000) also finds that multinational 

activity positively influences trade (exports and imports). The results obtained also show that 

the complementary relationship is found to be most significant when the relationship between 

multinational activity and intra-firm trade is considered in the analysis, given the fact that 

intra-firm trade stimulate exports and imports in intermediate goods. Finally, Eaton and 

Tamura (1994) employ a modified gravity model to examine the relationship between the US 

and Japanese bilateral trade flows and FDI to 100 countries for the period 1985-1990. For 

both countries, their empirical results imply that the correlation between outward FDI 

positions and exports and the correlation between the inward FDI positions and imports are 

positive.  

Some of empirical studies employ the Granger-causality tests to see whether FDI 

causes trade or the other way round at the country-level. Adopting a time series approach, 

Pfaffermayr (1994) finds a significant complementary relationship between the FDI and 

exports for Austria during the period of 1961-1991, with causation in both directions.  

Similarly, Alguacil and Orts (2002) analyzes the relationship between real exports and 
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outflows of FDI in Spain for the period 1970.I-1992.III. It is found that there exists significant 

causality from FDI to exports, although not in the opposite direction.  

Lipsey and Weiss (1981), Brainard (1997), and Swensson (2004) are examples of the 

studies that analyze the relationship between FDI and trade at the industry level. For instance, 

Lipsey and Weiss (1981) investigate the relationship between 1970 US exports for 40 

countries and the level of manufacturing activity by the US firms in those countries. The 

results show a positive relationship between the US exports and foreign production by the US 

firms at the industry-level. On the other hand, using a 1989 cross-section of the US affiliate 

sales and trade (exports and imports) activity by country and industry, Brainard (1997) find 

strong evidence for the proximity-concentration trade-off, which can be seen as a 

confirmation of substitution effects of FDI on trade.  Finally, by disaggregating foreign 

investments into its product, industry, and overall manufacturing components, Swenson 

(2004) examines the relationship between the US imports and foreign investment stocks in the 

US from 12 OECD countries over the period of 1974 to 1994.  The empirical results show 

that the overall manufacturing FDI has a positive effect on the US imports at the industry 

level. However, a negative relationship was obtained for the product or industry FDI for 

almost all industries, unlike previous studies using more aggregated data. The results found by 

Swenson (2004) demonstrate that the traditional finding of complementary relationship 

between the FDI and trade in the most of the empirical studies is indeed a statistical 

complementary.  

Some other studies, like Lipsey and Weiss (1984) and Head and Reis (2001) employ 

firm-level data. In this context, Lipsey and Weiss (1984) reveal a positive relationship 

between the US production in the host country and the US firm’s exports to that area. The 

results obtained also indicate that the complementary effect is most significant between the 

US production and intermediate goods exports. In related work, Head and Reis (2001) employ 
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a panel of 932 Japanese manufacturing firms from 1966 to 1990 to examine the effects of FDI 

on exports. For the entire sample, the authors find that FDI is positively correlated with 

exports. On the other hand, they pointed out that this relationship varies across firms 

depending on the nature of the investment. For the subset of firms that are not vertically 

integrated, the empirical results indicate that firms seem to substitute their own exports. 

Hence, the authors conclude that exports of intermediate goods are one of the main reasons 

behind the frequent finding of complementary relationship between the FDI and exports in the 

empirical studies.    

More recent studies, including Blonigen (2001) suggest that the negative relationship 

between FDI and trade become visible at the product-level studies. With the use of 

disaggregated product-level data, Blonigen (2001) tests for a substitution effect separately 

from complementary effects that would arise due to vertical linkages. To do so, he employs 

the data on Japanese production and exports to the US for two types of products: automobile 

parts (that have a strong vertical linkage with automobile production) and automobile for the 

period of 1978-1991. Blonigen (2001) finds substantial evidence of complementary effect 

between the production of the Japanese automobiles in the US and Japanese exports of 

automobile parts to the US whereas the production of Japanese automobile parts production in 

the US and the Japanese exports of automobile parts to the US are substitutes. In addition, the 

analysis for final consumer goods (automobile) generally shows a negative relationship 

between the production of automobile by Japanese firms and Japanese exports of these 

products to the US. Hence, it is clear from Blonigen’ (2001) analysis that the traditional 

finding of the complementary relationship between the FDI and international trade is mainly 

originated from the fact that most empirical studies employ highly aggregated trade data.   

In sum, the empirical literature suggests that the relationship between FDI and trade 

varies according to the type of data used in the analysis. Initially, the complementarity was 
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more evident when the aggregate data were used. However, recent studies show strong 

empirical evidence for both substitution effects and complementary effects, as new studies 

employ product-level data.  In particular, these studies indicate that complementary effects 

originate mainly from increases in demands for intermediate goods in vertical linkages and 

substitution effects result from the fact that FDI displace trade in finished goods.  

III. THE EMPIRICAL MODEL  

 This paper applies the gravity equation approach to international flows of final and 

intermediate goods as well as FDI and tries to reconcile the existing evidence about FDI and 

exports with the standard theory of multinational enterprises.3  We estimate a model of the 

following logarithmic form: 

          
itititit

itititittiit

WDISTRERDGDPP
DGDPAGDPPAGDPFDIX

υβββ
ββββµα

++++
+++++=

lnlnln
lnlnlnlnln

765

4321             (1) 

where itX  stands for either total manufactured goods exports, final goods exports or 

intermediate goods exports from the US into country i  at time t , itFDI  represents the US 

stocks of outward FDI into sample OECD countries, itRER  is the real exchange rate between 

foreign country i  and the US at time t . itAGDP  and itAGDPP  express the average GDP and 

average per capita GDP of the US and its trading partner i  at time t , respectively. itDGDP  

and  itDGDPP  indicate the absolute difference in GDP and per capita GDP of the US and its 

trading partner i  at time t , respectively. itWDIST  is the weighted distance between the US’s 

capital and its trading partner’s capital at time t . In addition, iα  is the country effect, tµ  is 

the time effect, and itυ  is the usual white noise disturbance terms which is distributed 

randomly and independently.  All the variables used are in logarithms.  

                                                 
3 There are many papers that apply gravity equations to the analysis of the relationship between multinational 
activity and trade with success, such as Eaton and Tamura (1994), Fontagne and Pajot (1997), Goldberg and 
Klein (1998), Clausing (2000), and Graham (2000).  
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 Again, primary attention is paid to differences between the effects of FDI on final 

goods exports and intermediate goods exports. Following discussion made by Blonigen 

(2001) and Head and Ries (2001), we estimate these empirical models by disentangling trade 

data into final and intermediate goods for the period 1989-2003. The advantage of using 

disentangled trade data help us to test for a complementary effect separately from substitution 

effects. The relationship between outward FDI and export is complicated and depends largely 

on the types of FDI being considered. In the horizontal type of FDI, FDI replaces exports 

since the market is served through local production instead of exports (Brainard, 1994; 

Markusen, 1984). Hence, the expected sign of 1β  is negative for finished goods exports 

suggesting a substitution relationship between FDI and finished goods exports. By contrast, 

the growth of intra-firm trade in intermediate goods between parent firms and their affiliates 

in the foreign country has been widely viewed as an expansion of vertical type of FDI, which 

are expected to exploit differences in factor endowments and technology, as Helpman (1984, 

1985) and Helpman and Krugman (1985) indicate. In this case, FDI and trade are expected to 

be complements.  Thus, the expected sign of  1β  is positive for intermediate goods exports.  

 In order to control for country effects, several explanatory variables are also 

introduced in the estimations. The first country variable is itAGDP , the average income 

between the US and its trading partner, which we expect to have a positive sign on both 

finished goods exports and intermediate goods exports. This intended to capture country size 

effects. Helpman and Krugman (1985) argue that the trade in manufactured goods tends to 

increase as the average market size of the two countries increases due to the presence of 

economies of scale. Similarly, Ethier (1982) show that, component producers with free trade 

will be able to utilize increasing returns to scale, and thereby increase the number and 

production of intermediate goods. A country with a small domestic market has limited 

opportunities to take advantage of economies of scale in the production of differentiated 
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intermediate goods. Thus, the larger the international market the larger the opportunities for 

production of differentiated intermediate goods and the larger the opportunities for trade in 

intermediate goods. Hence, it is expected that trade in final and intermediate goods will be 

greater with countries that have higher incomes.  

 In addition, the average income per capita ( itAGDPP ) is included to capture the degree 

of similarity between countries in terms of economic development and demand for variety. It 

is expected to have a positive impact on both finished goods exports and intermediate goods 

exports as countries with higher levels of development are more prone to trade and have 

similar demand and production structures, as would be predicted by the Linder hypothesis. 

When the investment conditions in developing countries such as insufficient infrastructure 

systems are discouraging, the companies in developed countries avoid shifting their low-

skilled production stages into developing countries since the trade-off between the extra costs 

due to these unpleasant conditions and the cost savings due to cheap labor is not favorable.  

  The variable representing difference in size between trading partners ( itDGDP ) is 

included to capture variations in demand and in supply sizes. According to Helpman and 

Krugman (1985), differences in market size indicates differences in their ability to 

manufacture differentiated products; as countries become more similar in terms of their 

market size, the potential for overlapping demand for differentiated products is enhanced and, 

therefore, itDGDP  is expected to be negative for finished goods trade (trade is intra-industry 

nature). Regarding intermediate goods, Grossman and Helpman (2005) argue that the size of 

the host country can affect the thickness of its market which positively impact on the location 

of outsourcing activity. Firms are more likely to find a trading partner in a large host markets 

with the appropriate skills that match the needs of final goods producers. This suggests a 

negative relationship between intermediate exports and differences in market sizes, proxied 

by the absolute difference in GDP between the US and its trading partner. On the other hand, 
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there are also reasons to believe that large markets are most likely to be served by local 

production due to the fact that the availability of local input producers in the host market 

should reduce the dependence on the imports of intermediate goods from the US. Thus, the 

differences in market size could have an uncertain effect on imports of intermediates.   

 The final goods exports are expected to vary negatively with the bilateral inequality in 

per capita GDP ( itDGDPP ) between two countries, while the sign for intermediate goods 

exports is positive. Linder (1961) and other studies use per capita income differences as 

proxies for consumer tastes and preferences. It has been argued that as per capita incomes of 

two countries become equal, their tastes and preferences also become similar.  Hence, the 

trade in final goods rises as the difference in per capita declines. However, per capita income 

differences has also been used as a measure of relative factor endowments. According to 

Helpman and Krugman (1985), a greater differential in per capita incomes would imply a 

greater disparity in the relative factor endowments, which would be reflected in the lower 

relative levels of intra-industry trade. Thus, there is an expected negative relationship between 

bilateral inequality in per capita GDP and the trade in final goods. Turning now to the 

intermediate goods, Helpman (1984) shows that vertical type of FDI increases with 

differences in relative factor endowments. Assuming that fragmentation typically occurs with 

vertical type of FDI, trade in intermediate goods would be expected to be high when there are 

large differences in relative factor endowments across trading countries.  Similarly, Feenstra 

and Hanson's (1997) model of outsourcing predicts that fragmentation is more likely to take 

place between countries with dissimilar factor endowments. Thus, the level of trade in 

intermediate goods is expected to be larger when the differences in factor endowments 

between two countries are large.  

 The remaining independent variables that influence the export values are the real 

exchange rate and the weighted distance. It is expected that the US exports increase when the 
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dollar depreciates versus the importing country's currency. Thus, one would expect 6β  to be 

negative for both finished and intermediate goods exports since the real exchange rate in this 

study is defined as the number of foreign currency unit per US dollar so that itER  falls with a 

depreciation of the dollar. The weighted distance ( itWDIST ) is included to proxy for transport 

and other trade costs. Distance will increase the transaction costs including insurance and 

transportation costs. Hence, it is expected that the relationship between the distance and both 

of the dependent variables to be negative, i.e. 07 <β . However, the magnitude of this effect 

on export volumes could be different across different product groups. Considering trade in 

intermediate goods, small changes in transportation costs have a major effect on 

fragmentation decisions because of multiple boarder-crossing involved in the value added 

chain. On the other hand, distance is likely to affect less the final goods trade in which goods 

pass the border only once. We should then find that intermediate goods exports exhibit a 

steeper fall to the increase of distance than final goods exports.  

IV. DESCRIPTION OF THE DATA 

To investigate the relationship between trade and FDI in the US economy, we estimate 

equation (2) for a panel of 25 OECD countries for the period 1989 to 2003.4 Data on nominal 

bilateral exports in current dollars at the five-digit SITC (Standard International Trade 

Classification) Revision 3 were obtained from United States International Trade 

Commission’s (USITC) website: http//www.usitc.gov. There are about 3141 items at the six-

digit level of the SITC. The first step to calculate export volumes in finished and intermediate 

goods is to select the intermediate goods and finished goods in the bilateral trade data. 

                                                 
4 The countries used for estimation are Australia, Austria, Belgium, Canada, Denmark, Finland, France, 
Germany, Greece, Hungary, Ireland, Italy, Japan, Korea, Mexico, Netherlands, New Zealand, Norway, Poland, 
Portugal, Spain, Sweden, Switzerland, Turkey, and the United Kingdom. Three remaining OECD countries, 
namely Czech Republic, Iceland, and Slovak Republic, are excluded from the estimations due to the lack of 
information on outward FDI.  
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Following Hummels, et al. (1999), the United Nations Broad Economic Categories (BEC) 

classification scheme is employed to distinguish intermediate goods from finished goods.5 

 As shown in Table 1, the BEC includes 19 basic categories, which are classified as 

capital goods (categories 41 and 521), consumption goods (categories 112,122, 522, and 6), 

intermediate goods (categories 111,121, 2, 3, 42, and 53), and intermediate goods and 

consumption or finished goods (categories 321 and 51).  The BEC scheme has a major 

disadvantage. Some of categories such as motor spirit (321) and passenger motor cars (51) are 

could be consumed directly by consumers or used as intermediates in the related industry.  To 

overcome this problem, categories (321 and 51) will not be considered and omitted from the 

selection of finished or intermediate goods.  In order to select the finished and intermediate 

goods from the trade data, the concordance table developed by the United Nations Statistics 

Division is used to map the SITC (Rev.3) codes to the BEC codes.6 As a consequence, about 

612 items are considered as finished goods and 1689 items are considered as intermediate 

goods out of 2781 items from the 5-digit level of SITC.7 Once, values of finished goods 

export and intermediate goods export are calculated at country level, the US PPI is used to 

convert the trade data into constant dollars for each type of good. The US PPI (2000=100) 

data were taken from IMF International Financial Statistics (IFS) CD-ROM.  

Outward FDI stock data in current dollars are taken from the OECD International 

Direct Investment Statistics Yearbook. As a measure of multinational activity in the host 

countries, outward FDI stock is chosen rather than outward FDI flows since the stock data is 

more complete than the flows data. In addition, the stock data is preferred over the 

multinational sales data. Some researchers argue that outward FDI stock is an imperfect proxy 
                                                 
5 Yeats (2001), Schuler (1995), and Kol and Rayment (1989) all propose a different approach to select the 
intermediate goods from the trade data. They argue that goods recorded in the trade data as parts or components 
should be considered as intermediate goods. However, this method may create the subjectivity of the researchers 
on the selection of intermediate goods.  
6 The concordance table from BEC to SITC Rev.3 is acquired from the United Nations Statistics Division web 
page: http://unstats.un.org.  
7 Since this study deals with only manufacturing industries, non-manufactured industries are dropped from 
calculations. 2781 items are left out of 3141 items of SITC Rev.3.  
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for multinational activity since multinational companies may also engage in many activities in 

the host countries that one would not expect to have any relationship with export, such as real 

estate investment. Nonetheless, considering the limited availability of the data, outward FDI 

stock data may be the best available proxy.  As with the trade data, the outward FDI stock 

data is converted to constant 2000 dollars using the US PPI (2000=100).  

Data on the US and its trading partners nominal bilateral exchange rates come from 

IMF’s International Financial Statistics CD-ROM. Real exchange rate between two countries 

is then calculated as the product of nominal bilateral exchange rate and relative price levels in 

each country. The real exchange rate between foreign country i  and the US at time t  is thus:  

*
it

it
itit P

P
ERRER =  

where itP is the CPI level of the US, *
itP  is the CPI level in foreign country i  and, itER is the 

nominal exchange rate between currencies of foreign country i  and the US, expressed as the 

number of foreign currency unit per US dollar so that itER  rises with an appreciation of the 

dollar.  CPI data is also obtained from the IFS.  

 The data on GDP and per capita GDP for the US and 25 OECD countries in current 

dollars are obtained from World Bank’s World Development Indicators CD-ROM.   The US 

GDP deflator is employed to convert the GDP and per capita GDP data into constant dollars.  

The GDP deflator data is acquired from the IFS.  

Following Balassa (1986), the geographical distance variable is defined as the 

weighted distance between the US and its partner country i : 

∑
=

= 25

1

*

i
it

iti
it

GDP

GDPDIST
WDIST  

The weight is the ratio of the GDP of its trading partner i  to the sum of the GDPs of the US's 

all trading partners. The distance, denoted as itDIST , is the direct distance in kilometers 



 

 

 

19  

between the US's capital and its trading partners’ capital and taken from the United States 

Department of Agriculture’s web page:  http://www.usda.gov.  

V. ECONOMETRIC PROCEDURE AND RESULTS 

 The next step is to choose the appropriate estimation method. The data used in the 

estimation of equation (1) is a panel data set in two dimensions: the trading partner dimension 

and the time dimension. Hence, the standard panel data analysis technique will be used, which 

can be performed by both fixed and random effects models.8  Before preceding the estimation 

of equation (1), stationarity of the variables should be confirmed in order to provide valid 

empirical evidence on the relationship between the exports and outward FDI stocks. Several 

tests have been proposed to check whether or not the panel series have a unit root, such as 

Levin, et al. (2002), Im, Pesaran, and Shin (1995), and Hadri (2000). However, this study 

employs the unit root test proposed by Levin et al. (2002, hereafter LLC), which can be 

considered as a panel version of the augmented Dickey Fuller (ADF) unit root test statistic, to 

examine the stationarity of variables used in the regressions.  Similar to the ADF t-statistic, 

Levin et al. (2002) show that , under the null, a modified t-statistic has a limiting normal 

distribution. The null hypothesis in Levin et al. (2002) is that each individual time series 

contains a unit root against the alternative hypothesis that each time series is stationary. Table 

3 shows test statistics and p-values from the LLC for the model with an individual constant 

trend and a time- and individual constant trend. In the first case, the null hypothesis of a unit 

root can be easly rejected for all variables except itAGDPP  and itDGDP  with lag 1.  Adding a 

time trend to the test procedures, the LLC have to reject the null hypothesis of a unit root at 

the 1 % level for all variables with lag 1. As a result, all time series variables are used in levels 

in the regressions.  

                                                 
8 See Baltagi (1995) and Greene (1997) for an excellent treatment of panel econometrics.  
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In order to be able to choose between the two possible estimation models, several 

statistical tests were performed. All variables in the estimation equations can vary across 

country and across time. The question is then whether it should be pooled the data across 

products and across time. One can test the joint significance of these country-specific effects 

and time-specific effects by employing the Chow’s test to determine whether it should be 

pooled the data or not. Under the null hypothesis, the efficient estimator is pooled OLS. Based 

on the results of the Chow test, the calculated test-statistics in all three models, reported in 

Table 4, strongly reject the null hypotheses at 1 % that there are no specific effects. Therefore, 

the fixed effects specification should be preferred over the simple pooled OLS for our 

econometric analysis.  

 In addition, the Breusch-Pagan test is carried out to test for the significance of random 

individual effect, where the null hypothesis is that there is no random effects. Rejecting the 

null hypothesis implies that the random effects model should be used over the pooling 

method. The results of this test reported in Table 5 rejects the null hypothesis of no random 

effects. It seems so far that the Chow test confirms the appropriateness of fixed effects model 

wheeras the Breusch-Pagan test advocates the use of the random effects model. Consequently, 

the question of model selection naturally arises. To decide whether the fixed effects model or 

random effects model is appropriate, the Hausman specification test can be applied under the 

null hypothesis that individual effects are uncorrelated with the other regressors in the model.  

Under the null hypothesis of no correlation, both OLS estimates of LSDV (the fixed effects 

model) and FGLS of the random effects model in equation (1) should not differ  

systematically. Under the null hypothesis, the test statistic is asymptotically distributed as chi-

squared with K  degrees of freedom. Large values of the test statistic argue in favor of the 

fixed effects specification. As evident in Table 5, the resulting Hausman test statistics in all 

three models strongly indicate that the fıxed effects model should be preferred over the 
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random effects model. The results of the above tests suggest that a fixed effects model is the 

appropriate estimation model. Hence, in the remainder of analysis we discuss the relationship 

between the US exports and outward FDI stocks based on the fıxed effects estimates.  

 Table 4 present the results of fixed effect estimations. The dependent variables of 

column 1 to column 3 are exports of total manufactured goods, finished goods, and 

intermediate goods, respectively. The first column reveals a positive and statistically 

significant evidence between the US total manufacturing exports and the US stocks of 

outward FDI, consistent with the most empirical examinations that suggest a strong 

complementary relationship between trade and FDI.  In column (2), however, FDI exerts a 

negative but weak impact on the US exports of finished goods, as was expected by the theory. 

Hence, the disaggregated data show a weak substitution effect, unlike previous studies at a 

more aggregate level. At the same time, the results of column (3) in Table 4 support the 

hypothesis that FDI stimulates exports of intermediate goods, consistent with the theoretical 

expectation that vertical type of FDI complements rather than substitutes for trade. This is an 

important result, since it confirms the view that MNCs are increasingly using foreign 

outsourcing as they fragment their production process into stages.  

 In general, it appears that there was a significant effect of the US outward FDI stocks 

in raising the US exports of intermediate goods whereas a weak negative relationship between 

the finished goods exports and FDI. Similar findings also emerge in Lipsey and Weiss (1984) 

and Blonigen (2001). It is clear from these results that the generality of the empirical works 

highlighting a complementary relationship between the FDI and trade mainly originates from 

the aggregation bias. Thus, this study confirms the suggestion made by Blonigen (2001) that 

the identification of complementary and substitution effects of FDI requires finer 

disaggregation of trade data.   



 

 

 

22  

 Concerning the macroeconomic variables, the results in all three columns show that 

average market size between the US and its trading partner, itAGDP , have a positive and 

significant association with the exports, as was predicted by the theory.  In addition, average 

per capita between the US and its trading partner, itAGDPP , turn out to have positive and 

statistically significance influence on the all types of exports, in line with the predictions of 

this study. On the other hand, the hypothesis concerning differences in size between trading 

partners, ( itDGDP ), performed less well. This variable carried the correct sign in all three 

regressions, but was not statistically significant in all three regressions.  

 Finally, the estimated coefficients of dissimilarity in GDP per capita, itDGDPP , in the 

regression of finished goods are negative and statistically significant. The negative estimate of 

the coefficient of dissimilarity in GDP per capita in the regression of finished goods confirm 

the Linder hypothesis that similar countries trade more with similar countries. However, 

differences in per capita income has also been used as a measure of differences in factor 

endowments. This finding is also consistent with the predictions of Helpman and Krugman 

(1985) that differences in GDP per capita, proxy for differences in factor endowments, will be 

negatively related to trade (intra-industry trade).  Considering intermediate goods trade, 

however, the results show that dissimilarities in GDP per capita, proxy for differences in 

factor endowments, have a positive and significant effect on trade. This is in line with the 

predictions of both Helpman and Krugman's (1985) and Feenstra and Hanson's (1997) 

theoretical model that the volume of outsourcing or vertical trade will tend to increase with 

greater differences in factor endowments between two countries.  

 The remaining regression coefficients enter as hypothesized. The real exchange rate 

depreciation has the expected positive significant effect on exports for all product groups. In 

addition, the coefficients on distance variable have the predicted signs and significant in the 

all three regressions. However, intermediate goods have the largest elasticity in absolute form, 
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meaning that distance discourages trade in intermediates the most. According to this result, 

transportation costs significantly hamper the fragmentation of production across countries. 

VI. CONCLUSIONS 

 The growing levels of trade in intermediate goods and foreign direct investment are 

two significant characteristics of international trade in the new area of globalization. Although 

they have been analyzed separately in the empirical literature, their interaction has remained 

largely unexplored. Although the theoretical literature suggests both complementary and 

substitution effects, the most of the existing empirical literature has tended to point to a 

complementary relationship between the FDI and international trade, in particular exports. 

Empirically, however, most of these empirical studies do not distinguish between intermediate 

goods and finished goods in the identification of the substitution and complementary effects 

of FDI on trade.  

Using the gravity equations method, this study examines the relationship between 

outward FDI stocks and finished goods exports and intermediate goods exports in the US 

economy over the period from 1989 to 2003. The advantage of using disentangled trade data 

help us to test for a complementary effect separately from substitution effects. The empirical 

results show that the disaggregation of bilateral trade flows into finished and intermediate 

goods provides meaningful information for the analysis of the relationship between the FDI 

and trade. The results confirm the basic proposition that the effects of FDI on final goods 

exports and intermediate goods exports are different. In particular, the regression results 

demonstrate a strong positive relationship between the US intermediate exports and outward 

FDI stocks, as was expected by the theory of vertical FDI. In contrast, the results find a weak 

evidence of substitution effects between the US finished goods exports and outward FDI 

stocks, which is in line with the theory of horizontal FDI.  This study, hence, reinforces the 
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suggestion made by Blonigen (2001) that the most of the existence empirical studies showing 

complementarity relationship between trade and FDI can be due to the aggregation bias.   
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APPENDIX 

 
Table 1: The United Nations Broad Economic Categories Classification Scheme 
 
Commodity Categories End-Use Classes 
1. Food categories   
    11. Primary  
          111. Mainly for industry  Intermediate goods 
          112. Mainly for household consumption Consumption goods 
    12. Processed   
          121. Mainly for industry Intermediate goods 
          122. Mainly for household consumption Consumption goods 
2. Industrial supplies not elsewhere specified  
    21. Primary Intermediate goods 
    22. Processed Intermediate goods 
3. Fuels and lubricants  
    31. Primary Intermediate goods 
    32. Processed  Intermediate goods 
          321. Motor Spirit Intermediate goods and consumption goods 
          322. Other Intermediate goods 
4. Capital goods (except transport equipment), 
and parts and accessories thereof 

 

    41. Capital goods (except transport equipment) Capital goods 
    42. Parts and accessories Intermediate goods 
5. Transport equipment and parts and accessories 
thereof 

 

    51. Passenger motor cars Intermediate goods and consumption goods 
    52. Other  
          521. Industrial Capital goods 
          522. Non-industrial Consumption goods 
    53. Parts and accessories Intermediate goods 
6. Consumer goods not elsewhere specified  
    61. Durable Consumption goods 
    62. Semi-durable Consumption goods 
    63 Non-durable Consumption goods 
7. Goods not elsewhere specified  
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Table 2: Variable Definition and Expected Signs 
 

 
Expected Signs 

 Variable Definition 
Total 

Exports 
Finished 
Exports 

Intermediate 
Exports 

itFDI = The US outward foreign direct investment stocks into its 
trading partners 

+/- - + 

itRER = Real Exchange rate - - - 

itAGDP =  Average GDP between the US and its trading partner + + + 

itAGDPP = Average GDP per capita between the US and its 
trading partner 

+ + + 

itDGDP = Absolute difference of GDP between the US and its 
trading partner 

+/- - +/- 

itDGDPP = Absolute difference of GDP per capita between the 
US and its trading partner 

+/- - + 

itWDIST = The weighted distance between the US’s capital and its 
trading partner’s capital 

- - - 
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Table 3: Panel Unit Root Tests by Levin, Lin, and Chu (2002) 
 

t-star 
(level LLC) 

 Variable 
 
Constant without time trend 
 

 
Constant and trend 

itX  (total goods) -.4.8449*** 
(0.0000) 

-4.6387*** 
(0.0000) 

itX  (final goods) -2.9733*** 
(0.0015) 

-4.6049*** 
(0.0000) 

itX   (intermediate goods)  -4.1161*** 
(0.0000) 

-3.1722*** 
(0.0008) 

itFDI  -10.9202*** 
(0.0000) 

-7.2408*** 
(0.0000) 

itRER  -7.5374*** 
(0.0000) 

-5.9617*** 
(0.0000) 

itAGDP  -7.0134*** 
(0.0000) 

-5.7681*** 
(0.0000) 

itAGDPP  -0.0097 
(0.5039) 

-10.4822*** 
(0.0000) 

itDGDP  -1.5557* 
(0.0599) 

-4.6194*** 
(0.0000) 

itDGDPP  -7.9201*** 
(0.0000) 

-6.8769*** 
(0.0000) 

itWDIST  -2.6761*** 
(0.0037) 

-4.6911*** 
(0.0000) 

Note: The null hypothesis is that the series is non-stationary, or contains a unit root. ***,**, and * indicate the 
rejection of the null hypothesis of non-stationarity at significance levels of 1%, 5%, and 10%, respectively. 
Variables are in logarithmic transformation. The p-values are reported in parenthesis.  
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Table 4: Effects of Outward FDI on the US Exports Using Fixed Effects Model, 1989-2003 
 

 
Dependent Variables 

 

 
 

Independent Variables 

Total Goods Exports Final Goods Exports Intermediate Goods 
Exports 

Constant 0.8545 
(0.24) 

-11.8347*** 
(-2.73) 

2.3716 
(0.68) 

itFDI  0.0502* 
(1.90) 

-0.0250 
(-0.78) 

0.0952*** 
(3.66) 

itRER  -0.5575*** 
(-5.62) 

-1.1393*** 
(-9.45) 

-0.4820*** 
(-4.95) 

itAGDP  0.4241* 
(1.76) 

0.6855** 
(2.34) 

0.4659* 
(1.97) 

itAGDPP  1.4701*** 
(3.64) 

1.8676*** 
(3.80) 

1.2775*** 
(3.21) 

itDGDP  -0.1772 
(-0.99) 

-0.0594 
(-0.27) 

-0.2755 
(-1.56) 

itDGDPP  0.0270 
(0.82) 

-0.0973** 
(-2.44) 

0.0705** 
(2.18) 

itWDIST  -0.1479** 
(-2.29) 

-0.1684** 
(-2.14) 

-0.2293*** 
(-3.60) 

2R  within 0.4999 0.5012 0.5692 
F 48.97*** 49.23*** 64.75*** 
Chow test 140.77*** 108.37*** 164.31*** 
No.of groups 25 25 25 
No. of observations 375 375 375 
Note: ***, **, and * denote statistical significance at the 1%, 5%, and 10% levels, respectively. t-values are 
reported in parentheses. The coefficients for country and time dummies are not reported here in order to save 
space. 
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Table 5: Effects of Outward FDI on the US Exports Using Random Effects Model, 1989-2003 
 

 
Dependent Variables 

 

 
 

Independent Variables 
Total Goods Exports Final Goods Exports Intermediate Goods 

Exports 

Constant -2.2711 
(-0.82) 

-8.2353** 
(-2.46) 

-3.4685 
(-1.23) 

itFDI  0.1365*** 
(4.92) 

0.1187*** 
(3.43) 

0.1713*** 
(6.23) 

itRER  -0.1195*** 
(-2.87) 

-0.1769*** 
(-3.70) 

-0.1134*** 
(-2.60) 

itAGDP  0.8149*** 
(3.39) 

1.1871*** 
(3.96) 

0.8786*** 
(3.68) 

itAGDPP  1.0496*** 
(2.71) 

1.1597** 
(2.44) 

0.8696** 
(2.25) 

itDGDP  -0.4456** 
(-2.40) 

-0.6673*** 
(-2.88) 

-0.4647** 
(-2.52) 

itDGDPP  0.0584 
(1.64) 

-0.0526 
(-1.18) 

0.1001*** 
(2.84) 

itWDIST  0.0630 
(1.15) 

0.0784 
(1.17) 

0.0026 
(0.05) 

2R  within 0.4569 0.3980 0.5348 
Wald Test 300.61*** 237.60*** 388.69*** 

LM Test 1054.05**** 884.95*** 1149.64*** 

Hausman Test 72.78*** 112.58*** 184.11*** 

No.of groups 25 25 25 

No. of observations 375 375 375 

Note: ***, **, and * denote statistical significance at the 1%, 5%, and 10% levels, respectively. t-values are 
reported in parentheses.  

 

 

 

 

 

 

 

 


