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Abstract 

 

This paper examines how Japanese manufacturing multinational enterprises (MNEs) adjust to 
exchange rate changes. Using the micro-data of Japanese manufacturing MNEs from 1994 to 
2010, we find that exports tend to respond to exchange rate changes, in particular when wholly 
or majority-owned affiliates are dominant among their foreign affiliates and when intra-firm 
trade ratios are higher. Moreover, the responsiveness to exchange rate changes is higher for 
intra-firm exports than for total exports. The results suggest that Japanese manufacturing MNEs 
with greater foreign operations under their own corporate control would more fully absorb 
shocks of exchange rate movements by adjusting intra-firm transactions.  We do not find such 
tendencies for imports, however. Our results also show that, among all manufacturing sectors, 
the exporting/importing responsiveness is lower in the electric machinery sectors and higher in 
the transport equipment sectors due to different types of international division of labor. 
Furthermore, our results show that the size of the firm does not matter in terms of the 
responsiveness for total exports, although it does for intra-firm exports only. 
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1. Introduction 

The recent growth of globalizing corporate activities through various transaction 

channels has developed international networks of production and distribution within/among 

firms as an important phenomenon.  International production networks in East Asia, for 

instance, involve not only dense relationships between headquarters of multinational 

enterprises (MNEs) and their foreign affiliates as well as among their foreign affiliates, that is, 

intra-firm transactions, but also a myriad of arm’s length transactions with other MNEs and 

with indigenous firms.1  For MNEs, issues on exchange rates can be among the most 

important risks.2  As the emergence of such international production/distribution networks 

has been accompanied by increasingly active transactions of intermediate goods that cross 

national borders several times during the production, the relationship between exchange rate 

and trade flows/trade balances is not simple and is getting more complicated.  Moreover, the 

cost of exchange rate movements may be more pronounced.  In other words, it becomes more 

important to empirically analyze how MNEs adjust their trade in response to exchange rate 

movements. 

A large volume of prior studies has examined the relationship between the volatility 

of exchange rates and trade; while many studies found that volatility of exchange decreases 

volume of trade between countries, evidence of this relationship is not conclusive.3  Moreover, 

recent studies, particularly since the mid-2000s, tend to be more interested in the relationship 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1 See, Kimura & Ando (2005), for example, for the two-dimensional fragmentation model, 
which is an extended conceptual framework of Jones and Kierzkowski (1990).  Ando and 
Kimura (2005) demonstrate three features of international production/distribution networks, 
specifically in machinery industries in East Asia: their significance in each economy, their 
geographical extensiveness involving many countries at different income levels in the region, 
and their sophisticated intra-firm and arm’s length transactions.  For the fragmentation theory, 
see for example Jones and Kierkowzki (1990) and Arndt and Kierzkowski (2001). 
2 Kogut & Kulatilaka (1994), for example, provide the model using the “real options” concept, 
suggesting that firms’ operations in multiple countries contribute to risk hedging against 
exchange rate fluctuations.  They argue that, put simply, the more countries firms operate in, 
the more flexibly they can switch their operations across countries in response to exchange 
rate movements. 
3 Auboin and Ruta (2011) provide an excellent survey on the relationship between exchange 
rate and trade, distinguishing the early literature until the 2000s from the later literature since 
them, particularly since the mid 2000s.  They discussed that despite progress in estimation 
techniques and datasets, the outcome of the empirical literature on the volatility of exchange 
rate and trade remains as inconclusive.  In the context of production networks in East Asia, 
Hayakawa and Kimura (2009) conduct a gravity equation exercise and find that parts and 
components transactions in production networks are sensitive to exchange rate fluctuations. 
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between the levels of exchange rates and trade, but most of the literature investigated the 

impact of exchange rate changes on aggregate (sectoral) exports/imports as cross-country 

studies or country studies.4  Not many studies have analyzed the relationship between 

exchange rates and trade at the firm level.  In particular, there have been very few studies to 

investigate individual firms’ export/import responses to exchange rate movements by 

incorporating heterogeneity of firms’ characteristics; among few, Berman et al. (2012) 

provides an interesting theoretical and empirical study on heterogeneous reaction of exporters 

to real exchange rate movements, using French firm-level data with destination-specific 

export values and volumes.  They analyzed how heterogeneous firms react differently to 

exchange rate movements in terms of prices, quantities, entry and exit and found that high-

performance firms react to a depreciation by increasing significantly more their markup and 

by increasing less their export volume.5  Amiti, et. al (2012) is another firm-level study on 

exchange rates and exports/imports, focusing on pass-through issues in line with incomplete 

pass-through of exchange rate shocks into international prices), using Belgian firm-product–

level data.  However, neither of these analyses take into account possible heterogeneity of 

adjustment costs for intra-firm and arm’s length transactions by MNEs. 6 

Our study attempts to provide evidences on how international production networks 

influence individual firms’ exporting/importing responsiveness to exchange rate movements.   

More specifically, this study examines export/import changes in response to exchange rate 

movements, using the micro-data of Japanese manufacturing MNEs from 1994 to 2010, 

incorporating heterogeneous controllability of intra-firm and arm’s length trade by MNEs.  

Japanese manufacturing MNEs are one of important and active players in developing 

international production/distribution networks.  In addition, our analysis is novel in the 

literature, in that it employs the micro-level longitudinal dataset for a 15-year window.  This 

empirical setting enables us to trace changes over time in firm-level exports/imports, and to 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
4 As one of very recent interesting cross-country studies, Eichengreen and Gupta (2012) 
provide a cross-country analysis to investigate the relationship between the real exchange rate 
(changes in exchange rate) and export growth, with a particular interest in services sectors. 
5 See Li. et. al (2012) for the case of Chinese firms. 
6 Kiyota, et al., (2008) focus on the volatility of exchange rates and find that high exchange 
rate volatility facilitates firms to shift from inter-firm to intra-firm transactions.  Moreover, 
several recent country studies address the effects of exchange rate appreciation on trade in the 
context of global supply chains, though they are not the firm-level analyses. 
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examine how a firm’s characteristics influences those changes.  Moreover, the context of 

Japan is ideal as it experienced significant exchange rate fluctuations during this time 

window (Figure 1).  After investigating whether Japanese manufacturing MNEs increase 

(decrease) their exports/imports for a depreciation (appreciation) of Japanese Yen as a 

baseline analysis, the paper investigates firms’ characteristics that would influence their 

responsiveness to exchange rate movements, focusing on the controllability of intra-firm and 

arm’s length transactions by MNEs in international production/distribution networks. 

 

== Figure 1 == 

 

The rest of this paper is organized as follows: the next section provides the data 

description of micro-data employed in this study and briefly summarizes patterns and 

characteristics of Japanese firms’ foreign direct investment (FDI) activities.  Section 3 

explains the model specification and estimation methods, and Section 4 presents the results.  

Section 5 concludes the paper.  

 

 

2. Japanese manufacturing FDI at the firm level: overview 

2.1 Data description 

Our analysis employs The Basic Survey of Business Structure and Activity, i.e., the 

firm-level statistics compiled by the Ministry of Economy, Trade, and Industry (METI), 

Government of Japan (the former name was the Ministry of International Trade and Industry 

(MITI)).  METI first conducted the survey in 1991, and has conducted it annually since 1994.  

This database provides detailed information on (parent) firms located in Japan as well as on 

their foreign affiliates with no less than 20 percent Japanese ownership. 

The samples in the survey cover firms with more than 50 workers, capital of more 

than 30 million yen, and establishments in mining, manufacturing, wholesale/retail trade, and 

restaurants.  As for trade activities, which are our particular interest, the database includes not 

only numerical information of total exports/imports for each firm but also intra-firm 

exports/imports.  Intra-firm exports/imports are available only for each firm’s transaction 

with all over world: the data by country/region are not available.  The database also includes 

the information of ownership structure of each foreign affiliate in three groups: wholly-

owned, majority-owned, and 20-50 percent-owned.  The database can identify the location of 
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foreign affiliates based on the regional basis, i.e. foreign countries as a whole, Asia, North 

America, and Europe. 

 

2.2 Characteristics of Japanese manufacturing FDI and their intra-firm/arm’s length 
transactions 

This subsection provides an overall picture of Japanese FDI with an emphasis on 

manufacturing industries.  Table 1 presents the number of 1) all sized firms and 2) small and 

medium enterprises (SMEs) with affiliates in East Asia/North America/Europe and the 

number of affiliates in these regions by industry of parent firms and by industry of affiliates.7  

In 2010, 65 percent of the Japanese MNEs that have at least one affiliate abroad are 

manufacturing MNEs, and their affiliates abroad consist of about 70 percent of the total 

Japanese affiliates abroad.  In addition, 90 percent of the Japanese manufacturing MNEs have 

at least one affiliate in East Asia, and 68 percent of the total Japanese manufacturing affiliates 

are located in East Asia. 

 

== Table 1 == 

 

A parent firm often conducts multiple types of foreign operations simultaneously.  

Japanese manufacturing (parent) firms have 71 percent of their total affiliates in East Asia in 

the manufacturing sector.  This means that Japanese manufacturing (parent) firms also have 

non-manufacturing affiliates in East Asia (29 percent of total affiliates of manufacturing 

firms), particularly in the wholesales sector (18 percent) to establish distribution networks by 

internalizing wholesale trade activities.  The ratio of manufacturing parent – manufacturing 

affiliate is higher for SMEs; 81 percent of their affiliates in East Asia are manufacturing.  

Such investment patterns by SMEs reflect a typical strategy for firms involved in 

manufacturing activities aimed at supplying intermediate goods for other firms and/or for 

their own affiliates and forming a critical mass of industrial clusters in the manufacturing 

sector.   

In North America and Europe, in contrast, the share of manufacturing affiliates of 

manufacturing parent firms is low.  Also, the share of their non-manufacturing affiliates is as 

high as 54 percent for the case of North America and 57 percent for Europe.  These figures 

indicate that Japanese manufacturing investment in North America or Europe aims at selling 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
7 SMEs are defined as firms with less than 300 regular workers. 
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their products, or producing goods to be sold there, rather than at being involved in dense 

vertical production chains, as is observed in East Asia. 

Table 2 shows the number of manufacturing MNEs by size of parent firms and by 

the number of foreign affiliates in 2010.  Apparently, larger firms are likely to have the 

greater number of foreign affiliates.  Tables 3 and 4 presents export/import ratios (to total 

sales/purchases), intra-firm trade ratios, and ratios of wholly or majority-owned affiliates to 

total foreign affiliates for manufacturing MNEs that have exports/imports.  These variables 

tend to increase over the sample period as Table 3 clearly shows.  In particular, import ratios 

sharply increase from around 10 percent in the middle of the 1990s to 20 percent in 2010.  

These data suggest a substantial expansion of globalizing activities by Japanese 

manufacturing during that period.  They also suggest that Japanese firms’ imports to total 

purchases have rapidly increased with the development of international production networks.  

These ratios vary across sectors; in particular, ratios in machinery sectors tend to be larger 

(Table 4).  Even among machinery sectors, however, export and import ratios are high in 

electric machinery sectors with lower intra-firm export ratios, while trade ratios are lower in 

transport equipment sectors than other machinery sectors but intra-firm trade ratios are high 

for both exports and imports.89 

 

== Table 2 == 

 

== Table 3 == 

 

== Table 4 == 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
8  Ando and Kimura (2010) verify for Japanese manufacturing firms that intra-firm 
transactions tend to be in long distance while arm’s length transactions are prone to be in 
short distance in general.  Because this paper deals with exports and imports of Japanese 
parents, transactions are basically in middle to long distance. 
9 Local transactions (both sales an purchases) by Japanese affiliates abroad also show 
different patterns between electric machinery sector and transport equipment sector (Table 
A.1 in the Appendix).   Both sectors demonstrate active transactions with indigenous firms, 
but firms with other nationalities are much more active for electric machinery sector than 
other machinery sectors including transport equipment sector, particularly in Asia.  It 
suggests the production "networks" with sophisticated combination of arm's length and intra-
firm transactions, including arm’s length transactions not only with Japanese firms but also 
with non-Japanese firms, particularly in Asia. 



	   7	  

 

 

3. Empirical method and data 

This section quantitatively analyzes the exporting/importing responsiveness of 

Japanese manufacturing MNEs to exchange rate changes.  Our baseline concern is whether 

exports and imports at the firm level respond to exchange rate changes in the direction 

predicted by the intuition based on macroeconomic theory.  Further, more importantly, the 

analysis investigates which types of firms more strongly respond to the changes, depending 

on the firms’ characteristics reflecting their degree of corporate control over their foreign 

operations. 

The equations for our annual panel data analyses in the period 1994-2009 are as 

follows: 

 

€ 

d lnTradet,i = β0 + β1 lnRERt + β2d lnRERt + β3 lnTradet ,i  

€ 

+β4 lnSIZEt ,i + β5 lnKLratiot,i + β6R& Dratiot ,i + β7Fcapital +ε  (I), 

 

€ 

d lnTradet,i = β0 + β1 lnRERt + β2d lnRERt + β3d lnRERt ⋅ D+ β4 lnTradet ,i 

€ 

+β5 lnSIZEt ,i + β6 lnKLratiot,i + β7R& Dratiot ,i + β8Fcapital +ε   (II), 

 

where 

€ 

Tradet ,i  expresses trade activities of firm 

€ 

i  in year 

€ 

t , and 

€ 

d lnTradet,i  is the percent 

change.  This study employs the following four types of variables for trade activities (Trade): 

i) exports (

€ 

EXt ,i), ii) imports (

€ 

IMt ,i), iii) intra-firm exports (

€ 

int raEXt,i ), or iv) intra-firm 

imports (

€ 

int raIMt ,i).  Thus, dependent variable is a percent change in one of these trade 

activities from the year 

€ 

t  to the year 

€ 

t +1, and the same variable in year 

€ 

t  is included on the 

right-hand side in order to control the level of trade at the beginning. 

€ 

d lnRERt  is a percent change in Japanese real effective exchange rates from the year 

€ 

t  to the year 

€ 

t +1; a positive figure means an appreciation of Japanese yen and a negative 

figure its depreciation during the year.10  Since several key pieces of information such as the 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
10 In general, export and import orders are placed several months in advance.  In other words, 
it would be better to consider some time lag for the adjustment of trade to exchange rate 
changes.  In our dataset, around half of the firms report their activities including trade from 
April to March, around 10 percent those from January to December, and the rest those from 



	   8	  

number of foreign affiliates, exports/imports, and intra-firm exports/imports cannot be 

identified by the counterpart country, as explained in section 2, this analysis employs exports 

(intra-firm exports) to, or imports (intra-firm exports) from, the world for each firm.  Thus, 

Japanese real effective exchange rates are employed.  A percent change in exchange rates is 

included as an independent variable to investigate how firms adjust their exports/imports in 

response to the exchange rate change.  Note that the level of Japanese real effective exchange 

rates (

€ 

lnRERt ) is also included in order to control the level of currency value at the beginning.  

The macro economic theory in general predicts that a firm reduces exports when the Japanese 

Yen is appreciated.  Thus, if a firm reduces exports more significantly when the Japanese 

Yen is appreciated more, the coefficient for 

€ 

d lnRERt  is expected to be negative. On the other 

hand, the coefficient on the import side would be positive in general. 

Equation (II), in addition to a variable for exchange rate changes, involves interaction 

terms of exchange rate changes with binary variables representing firms’ characteristics (

€ 

Dt,i ).  

This equation investigates whether responsiveness of exports/imports differ among firms, 

depending on the degree of corporate control over their foreign operations within the firm.  

First, this study examines the size of the parent firm (SIZE).  The firm size might capture the 

degree of the firms’ capability to conduct extensive foreign operations.  In general, large 

firms tend to hold a greater number of foreign affiliates than do SMEs, which holds for 

Japanese manufacturing MNEs.  Kogut & Kulatilaka (1994) suggest that the greater number 

of foreign affiliates enable firms to switch operations across country, and thus to more 

effectively mitigate the risk of exchange rate volatility.  Furthermore, large firms often have 

richer financial resources than SMEs, which might help their flexible operation effectiveness. 

Second, this study examines the ratio of wholly or majority-owned affiliates in each 

parent firm’s total foreign affiliates (MOFA). The higher ownership structure confers more 

fully control rights on investing firms (e.g., voting rights on the board).  A firm can enjo 

stronger operation controls over its foreign affiliate when it is a wholly owned-affiliate or 

majority-owned joint venture.  When firms need trade adjustments to exchange rate 

movements, therefore, the higher degree of controllability, reflected in the ratio of wholly or 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

different months.  Therefore, we basically use an average of monthly exchange rate from 
January to December as an annual exchange rate.  For the robustness check, we also use an 
average of monthly exchange rate from October to September.  See, for instance, Auboin and 
Ruta (2011) for discussion and literature review on the trade balance and the J-curve debate.  
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majority-owned affiliates, would help them to more easily adjust intra-firm transactions 

and/or to switch their operations across countries. 

Finally, intra-firm trade ratio (intra-firm exports share in total exports and intra-firm 

imports share in total imports) (INTRA) for each parent firm is included.  In many cases, 

transactions within a firm are more controllable than are arm’s length transactions.  The 

classical notion by Coase (1937), for example, suggests that arm’s length transactions often 

entail greater costs of contracting or transacting.  If transactions are internalized within firms, 

they can reduce such costs, and thus more smoothly adjust their operations, responding to 

environment movements.  Moreover, in the framework of two-dimensional fragmentation, 

Kimura & Ando (2005) propose that service link costs on the axis of disintegration (or 

controllability) are larger for arm’s length transactions than for intra-firm transactions.  This 

is because firms partially lose controllability, which incurs larger transaction costs.  

Consequently, firms with higher ratios of intra-firm trade would more likely enjoy smooth 

transaction-adjustments under exchange rate movements. 

Considering that the relationship between trade adjustments and the size/ratios may 

not be simply linear, and that a correlation between some interaction terms, particularly the 

one with MOFA, and exchange rate changes is high, we create binary variables used for 

interaction terms as follows: as for the size of firms (SIZE), the benchmark is SMEs with 

fewer than 300 regular workers (SIZE0).  Large firms are classified into three groups: firms 

with 300 to 499 regular workers (SIZE1), those with 500 to 999 workers (SIZE2), and those 

with 1000 or more workers (SIZE3).  Three dummy variables for SIZE1, SIZE2, and SIZE3 

are constructed for the groups of large firms.  As for ratios of wholly or majority-owned 

foreign affiliates (MOFA)/ intra-firm trade ratios (INTRA), firms are categorized into five 

groups: firms with ratio less than 0.2 (MOFA0/INTRA0), firms with ratio from 0.2 to less 

than 04 (MOFA1/INTRA1), those with ratio from 0.4 to less than 0.6 (MOFA2/INTRA2), 

those with ratio from 0.6 to less than 0.8 (MOFA3/INTRA3), and those with ratio equal to 

0.8 or more (MOFA4/INTRA4).  Four dummy variables for MOFA1/INTRA1, 

MOFA2/INTRA2, MOFA3/INTRA3, and MOFA4/INTRA4 are constructed against the 

benchmark group of MOFA0/INTRA0.  As we expect the size/ratios to strengthen parents 

firms’ controllability of their operation in foreign affiliates, all interaction terms are expected 

to have the negative signs (as the lowest degree group of each size/ratio is the benchmark 

group (=0)).  Furthermore, it is expected that, among interactions, groups with larger 
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size/ratio will have larger and negative coefficients, if the relationship between trade 

responsiveness and the size/ratios is close to linear. 

Other independent variables are included as control variables for each parent firm and 

for the year 

€ 

t : the size of the firm in terms of its number of regular workers (natural log) 

(

€ 

SIZEt,i), capital-labor ratio in terms of tangible assets per regular workers (natural log) 

(

€ 

KLratiot ,i), in-house research and development (R&D) expenditures ratio (in total sales) 

(

€ 

R& Dt,iratio), and foreign capital ratio (

€ 

Fcapitalt ,i ); these are all for domestic (parent) 

firms.11  Capital-labor ratio and R&D activities are proxy variables of firm-specific assets.  

Foreign capital ratio is included to control the different behavior of firms with foreign capital 

if any. 

Our panel dataset comprises the data from 1994 to 2009, using the data from 1994 to 

2010, which are the latest and most comprehensively available years for us.  The dataset is 

unbalanced because some manufacturing parent firms entered and exited from the 

export/import market during the peropd.  All the data regarding Japanese manufacturing 

MNEs’ activities are obtained from The Basic Survey of Business Structure and Activity.  

Japanese real effective exchange rates are from the Bank of Japan (2013). 

All regression analyses employ the fixed effect estimation.1213  In addition, our 

analysis employs not only the full sample with all manufacturing parent firms but the sub-

sample with parent firms in electric machinery/transport equipment sectors only.  In general, 

the production in electric machinery sectors is more fragmented with active cross-border 

transactions involving many countries, and some firms even apply the dollar settlement.  On 

the other hand, the production in transport equipment sectors would involve a fewer countries, 

and the large portion of production tends to be conducted in the countries to sell their 

products.  In that sense, exchange rate change may affect trade more significantly for 

transport equipment sectors and less significantly for electric machinery sectors. 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

11	  See Table A.2 for summary statistics.	  
12 To decide which model should be chosen, F test, Hausman test, and Breusch and Pagan test 
are examined.  According to the results of these tests, the paper show the results based on the 
fixed effect estimation. 
13 Equation (I) (and (II)) can be rewritten as the following equation: 

€ 

lnTradet+1,i = β0 + β1 lnRERt + β2d lnRERt + β3 lnTradet ,i + β4 lnSIZEt,i + β5 lnKLratiot ,i + β6R& Dratiot,i + β7Fcapital +ε .  
As the robustness check, the fixed effect model and system GMM are applied to this equation.  
However, the major findings discussed in section 4 do not change. 
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4. Empirical results 
This section presents results of the analysis examining whether Japanese 

manufacturing MNE adjust exports /imports respond to changes in exchange rates and which 

types of firms makes adjustments more strongly.  Table 5 reports results for exports, focusing 

on Japanese manufacturing MNEs with positive exports in both year 

€ 

t  and year 

€ 

t +1.  

Several interesting insights emerge from the results for exchanges rate changes and their 

interaction terms.  First of all, changes in exchange rates are negatively associated with 

changes in exports with statistical significance.14  It suggests that Japanese manufacturing 

MNEs tend to decrease (increase) their exports in response to the appreciation (depreciation) 

of Japanese Yen over foreign currencies, and a decline in exports is greater as the 

appreciation of Japanese yen is larger, even after controlling the initial level of currency 

value.  These results are consistent with the general prediction of macroeconomic theory 

 

== Table 5 == 

 

More interestingly, the degree of export responsiveness to exchange rate changes 

depends on some firm-level characteristics.  Equations (2) - (4) show the results of estimation 

including interaction terms of exchange rate changes with three firm-level characteristics, that 

is, the size of firm (SIZE) in equation (2), the ratio of wholly-owned and majority-owned 

affiliates in total foreign affiliates (MOFA) in equation (3), and intra-firm trade ratio 

(INTRA) in equation (4).  On the other hand, equations (5) - (7) show the results of 

estimation including interaction terms of exchange rate changes with binary variables of these 

three firm-level characteristics.  As for SIZE, all the interaction terms with exchange rate 

changes in equation (2) and (5) are insignificant.  It suggests that the size of firm at home 

does not matter in terms of the degree of export adjustments to exchange rate changes. 

Regarding the controllability of foreign operations in terms of MOFA, the interaction 

term in equation (3) and interaction terms for the group of MOFA4 (firms with ratios of 0.8 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
14 The coefficients for exchange rates and their interaction terms are mostly larger in absolute 
terms in these results with annual average of exchange rates from January to December than 
the results with annual average of exchange rates from October to September (See Tables A.3 
and A.4 for the results with the latter exchange rates).  It implies that annual average of 
exchanges rates from January is more appropriate in investing the trade responsiveness to 
exchange rate changes. 
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or more) and MOFA3 (0.6 to less than 0.8) in equation (6) have negative coefficients with 

statistical significance.  It indicates that firms with high shares of wholly or majority-owned 

affiliates in total foreign affiliates are more likely to adjust their exports.  As for another 

variable representing controllability of foreign operations, INTRA, the interaction term in 

equation (4) and interaction terms for two groups in equation (7), INTRA1 and INTRA4 have 

negative and significant coefficients.  In particular, the absolute term of coefficient is much 

larger for the group of INTRA4 (firms with ratios from 0.8 or more).  This implies that firms 

with higher ratios of intra-firm trade are likely to adjust their exports to a larger extent when 

the exchange rate changes.  These results regarding the controllability of foreign operations 

suggest that Japanese manufacturing MNEs with greater foreign operations under their own 

corporate control, would more fully absorb shocks of exchange rate changes by adjusting 

intra-firm transactions.15 

As for control variables, the coefficients for the size of firm at home, capita-labor 

ratio, and foreign capital ratio are positive and statistically significant in all equations, while 

the coefficient for R&D_ratio is positive but statistically insignificant.  These findings 

indicate that Japanese manufacturing MNEs with a larger employment size at home, more 

capital intensive manufacturing MNEs, and manufacturing MNEs with more foreign capital 

are likely to have lager growth rates of exports.16	 

Table 6, in turn, demonstrates the results for intra-firm exports, focusing on Japanese 

manufacturing MNEs with positive intra-firm exports in both year 

€ 

t  and year 

€ 

t +1.  The 

results are mostly similar to those for exports.  However, two major distinctions emerge 

between exports and intra-firm exports.  First, the coefficients for the level of exchange rates 

and changes in exchange rates are negative with statistical significance, and their absolute 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
15 While the large size and controllability of foreign operations in general help the firms’ 
exporting adjustments to exchange rate movements, this relationship is not always linear.  
There might be various reasons; for instance, some firms might be less likely to respond to 
exchange rate changes for some strategic reasons even if they could do so.  Also, firms may 
not need to respond to exchange rate changes sensitively when they have competitiveness and 
thus can pass-through exchange rate changes to export/import prices.  Furthermore, dollar-
based operations of some firms may induce lower responsiveness in the their own groups; 
dollar depreciation (on the other side of yen appreciation) encourages expanding operations 
for a whole group of the firm, resulting in an increase in exports of parts and components 
from Japan to their affiliates abroad. 
16 Since the correlation between exports and the size of firm in the same year is higher, 
equations without the size of firm are also conducted for the robustness check.  Our major 
results for exchange rate changes do not change. 
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values are larger for intra-firm exports than those for total exports.  It suggests that intra-

exports tend to more strongly respond to the exchange rate changes than total exports do.  

Second, the interaction terms of the size of firm became statistically significant with positive 

values, while those for total exports are insignificant, indicating that the size of firm matters 

in terms of the responsiveness for intra-firm trade, but it does not for total exports. 

 

== Table 6 == 

 

The results for imports and intra-firm imports are displayed in Tables 7 and 8, 

respectively. Surprisingly, the coefficient for changes in exchange rates is negative and 

statistically significant.  Moreover, interaction terms with changes in exchange rates are 

statistically insignificant in all equations unlike the case of exports, except interaction term of 

the size of firm for the analysis of intra-firm imports with a positive and statistically 

significant coefficient.  In general, the exchange rate appreciation facilitates firms’ imports, 

and thus a positive sign is expected.  One potential explanation for this counter-expecting 

result is that most Japanese manufacturing firms in our sample import raw materials and parts 

and components.  It may sound reasonable that, under the Yen’s appreciation, firms reduce 

their imports (raw materials) because they need to reduce exports that they utilized imported 

raw materials and parts and components to produce.  Another reason would be the recession 

of Japanese economy, which results in the reduction of imports, regardless of exchange rate 

movements. 

 

== Table 7 == 

 

== Table 8 == 

 

Tables 9 and 10 present the results for firms in electric machinery sectors only and 

firms in transport equipment sectors only to compare them with those for firms in all 

manufacturing sectors.  Interestingly, the absolute value of coefficients for exchange rate 

changes and their interaction terms are larger for firms in transport equipment sectors and 

smaller for firms in electric machinery sectors than firms in all manufacturing sectors.  As 

discussed above, in general, the production in electric machinery sectors is more fragmented 

with active cross-border transactions involving many countries several times, and dollar-
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based operations largely occupy foreign operations of Japanese MNEs.  On the other hand, 

the production in transport equipment sectors would involve a fewer countries, and the large 

portion of production tends to be conducted in the countries to sell their products.  In that 

sense, trade may be adjusted to exchange rate changes more significantly in transport 

equipment sectors than the average and less significantly (or trade tends to be less sensitive to 

exchange rate) in electric machinery sectors. 

 

== Table 9== 

 

== Table 10 == 

 

5. Conclusion 
This paper attempted to shed new light on trade adjustments to changes in exchange 

rate by Japanese manufacturing MNEs, particularly focusing on firms’ characteristics such as 

the size of firm and its controllability over foreign operations.  The emergence of 

international production/distribution networks in recent decades has been accompanied by 

increasingly active transactions of intermediate goods that cross national borders several 

times during the production.  Therefore, the relationship between exchange rate and trade 

flows is not so simple any more. 

Using the micro-data of Japanese manufacturing MNEs from 1994 to 2010, we found 

that exports tend to respond to exchange rate changes, in particular when wholly or majority-

owned affiliates are dominant in their foreign affiliates and when their intra-firm trade ratio is 

higher.  Moreover, the responsiveness to exchange rate changes is higher for intra-firm 

exports than total exports.  The results suggest that Japanese manufacturing MNEs with 

greater foreign operations under their own corporate control would more fully absorb shocks 

of exchange rate movements by adjusting intra-firm transactions.  We do not find such 

tendencies for imports, however.  Our results also show the exporting/importing 

responsiveness is lower in electric machinery sectors and higher in transport equipment 

sectors than in all manufacturing sectors, suggesting different types of international division 

of labor.  Furthermore, our results show that the size of firm does not matter in terms of the 

responsiveness for total exports, though it does for intra-firm trade. 

We can draw profound policy implication from our investigation.  First, firm size 

does not really matter for the ability of responding to changes in exchange rates.  We 
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sometimes presume that small and medium enterprises (SMEs) are weak and perhaps fragile 

against exchange rate fluctuation.  However, what matters in practice is not the size of firms 

but the extent of globalizing corporate activities.  The more globalized corporate activities, 

the more capable of mitigating shocks from exchange rate movements.  The government may 

need to watch possible effects of exchange rate fluctuation not on firms with full exposure to 

globalization but on those that do not globalize their activities extensively yet.  Policies to 

increase in the exposure to globalization or expand facilities to hedge risks of exchange rate 

fluctuation could enhance resiliency against exchange rate changes.  Second, once 

international production networks have developed, in a sense, arm's length transactions are 

more stable than intra-firm transactions when exchange rates fluctuate.  Evolution of the 2nd 

unbundling from simplistic intra-firm cross-border production sharing to production 

"networks" with sophisticated combination of arm's length and intra-firm transactions may 

nurture a sort of shock absorber or built-in stabilizer when exchange rates fluctuate.  Third, at 

the firm level, adjustments on the export side are not symmetric to those on the import side 

among Japanese manufacturing MNEs; rather, the former dominates the latter in responding 

to exchange rate changes.  This mechanism may to some extent mitigate the impact of 

exchange rate fluctuations on trade balance. 
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