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productions across home regions.  
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1. Introduction 
 It is well recognized in economics that trade liberalization causes changes in 
the industry structure of domestic production. According to the classical 
Hecksher-Ohlin model, by allowing international trade into an autarkic economy, a 
country shifts its production to an industry that utilizes relatively more of the country’s 
abundant resources. Numerous theoretical models and empirical studies have examined 
this issue. However, less attention has been paid to the fact that international trade also 
induces a change in the geographical structure of domestic production.  
 For example, production in border states or regions grow more than that of 
inner regions due to advantages in geographical access to foreign markets. The 
maquiladoras in the border states of Mexico may be a special case because of the 
incentives in preferential tariff arrangements. However, the number of maquiladora 
firms in the border states continued to increase even after the completion of the NAFTA 
agreement. Therefore, faced with the expansion of international trade, it is advantageous 
for a new exporter to establish manufacturing plants in regions nearer to foreign markets, 
even without preferential tariff treatments.  

Other important examples can be found in Eastern European countries after 
their accessions to the EU as new member countries. The influential external market for 
Eastern European countries was either non-existent or located on their eastern side 
before the collapse of the former Soviet Union in 1991. A new challenge and 
opportunity emerged on their western borders during the transition period. Utilizing 
annual census-type data of Hungarian firms, Szanyi et al. (2010) examined the industry 
clusters (agglomeration) among 20 comitats (provinces) and found that the automotive 
sector is highly concentrated in two northwestern border comitats, whereas the 
processed food sector forms industry clusters in four eastern border comitats.  

Two economic forces underlie the examples highlighted above. Faced with an 
export opportunity, home firms must decide on how much to produce/export (market 
effect) and where to produce (relocation effect)1. On the one hand, the market effect, 
due to trade liberalization or the rapid expansion of a foreign economy, generates 
positive spillovers to all home regions. On the other hand, the relocation effect imposes 
asymmetric effects on home regions. For the border states in Mexico and the border 
comitats in Hungary, we observed that the foreign economy imposes a positive market 

                                                   
1 Alternative places to produce should include foreign countries, i.e., foreign direct 
investment (FDI). However, we focus only on home regions as possible production sites 
in this paper. Empirical evidence on the determinants of FDI is discussed in Cheng and 
Kwan (2000), for the case of inward FDI in China. 
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effect and a positive relocation effect. We should note, however, that a negative 
relocation effect is observed in non-border states. 

As a negative side effect of the concentration of industries in border states, 
Hanson (1998) documents that manufacturing production in non-border regions of 
Mexico experienced downturns. The share of manufacturing employment in Mexico 
City dropped from 36.8 percent in 1985 to 23 percent in 1998, according to Jordaan 
(2008). This phenomenon can be explained by the movements of maquiladora firms 
from Mexico City to the border states. Thus, trade liberalization enforces asymmetric 
effects on productions of domestic regions and therefore leads to a drastic change in the 
geographical structure of industries within a nation.  
 Although relocation negatively affects certain home regions, the net of market 
effect and relocation effect at the national level must be positive. In contrast, as a new, 
fierce source of competition, the rapid growth of foreign firms places downward 
pressure on the production of firms in all home regions (competition effect). This 
applies to the case of Asian economies facing China as their trade partner in the region. 
The gross domestic product of China dramatically increased from 1,934 billion RMB in 
1990 to 11,390 billion RMB in 20082. During this period, China’s share of global GDP 
increased from 3.55 percent to 11.41 percent. While some developing countries 
benefited from China’s growing demand, other countries faced a loss of export markets 
for Chinese goods (Jenkins, 2008). Focusing on the similarity of export products of 
developing countries to the export products of China, Jenkins (2008), among others, 
finds that the ratio of products potentially under severe competition with China is high, 
even for Latin American countries, notwithstanding Asian countries. 

It is obvious that the structure of regional exports within a country cannot be 
examined until multi-regions are introduced into a theoretical trade model. Specifically, 
we present a two-country trade model in which two home regions are under 
region-specific international trade costs. We simplify the foreign side by only 
considering one region in a foreign country to avoid unnecessary complexity by 
introducing multi-regions in the foreign country. 

In the context of international trade theory, constructing a model with 
multi-regions within a country is not new. In theoretical studies, Krugman and Elizondo 
(1996), Takahashi (2003), Behrens et al. (2006, 2007), and Brülhart et al. (2012) 
provide models with multi-regions in a country. However, the first four studies 
investigate how a reduction in trade barriers affects the domestic agglomeration 

                                                   
2 At the constant current price in the World Economic Outlook database, International 
Monetary Fund, June 2010. 
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(dispersion) of industries3. Brülhart et al. (2012), focuses on the difference in the 
relative adjustment of wages and employments across regions within a country. Little 
attention has been given to the structure of regional exports within a country. In this 
paper, we present a model to examine the effect of foreign economy conditional on the 
asymmetric (across home-regions) trade costs on the structure of regional exports and 
productions. 

In our model, the economy consists of two countries: home, H, and foreign, F. 
H has two regions, 1 and 2, whereas F owns only one region. From the perspective of 
this geographical setting, our model is close to that of Brülhart et al. (2012). The most 
important difference between their study and ours is related to research objectives. The 
aim of Brülhart et al. (2012) is to examine the degree of relative adjustment between 
wages and employments in regions under international trade. This paper focuses on the 
structure of regional exports and productions under asymmetric international 
transportation costs that naturally arise from the observation that one region in the home 
country has an advantage when nearer to the foreign country.  

Under the assumptions that one type of labor (interpreted as either skilled 
workers or entrepreneurs) is mobile across home regions, we show that the structure of 
regional exports and the structure of regional productions are determined at long-run 
equilibrium where a marginal skilled worker/entrepreneur finds the issue of regional 
residency to be irrelevant. That is, it does not matter in which region the 
worker/entrepreneur resides. Heterogeneity in regional exports thus, in part, reflects 
heterogeneity in regional productions.  

We empirically test our theoretical hypothesis using export and production 
datasets from Japanese regions4. The Japan Customs of Ministry of Finance provides 
export data at the Harmonized System (HS) 9-digit level for each seaport/airport. We 
aggregate the export data to 9 regions and 18 industries. The production variable is also 
aggregated to 9 regions and 18 industries. Other control variables (distance between 
Japanese region and Asian countries; employments; wages) are also aggregated (or 
averaged) by regions. 

                                                   
3 The objective of Takahashi (2003) is to show inefficient agglomeration in home 
regions when regions differ in geographical advantage and production efficiency. A 
series of studies by Behrens et al. (2006, 2007) that proposes a model with four regions 
also focuses on the agglomeration of economic activities. 
4 The border-effect studies begin with the seminal work of McCallum (1995), using 
international trade at the city level in the US and Canada, are a precedent to this paper. 
Also, the study of Yilmazkuday (2012), using inter-state trade within the U.S., has a 
close relationship to our study.  
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Using these datasets, we estimate export and production equations as a system 
of simultaneous equations according to the maximum likelihood method, as our 
theoretical model suggests that at equilibrium both the productions and the exports of 
each region are determined simultaneously. Our empirical results show two important 
novelties in the literature. First, the inclusion of the production equation as a 
simultaneous estimation for the export equation is shown to be a more robust estimation 
method for exports. Lacking a production equation biases the effect of production 
downward. Second, a foreign economy located near (at some threshold value) the home 
country induces an asymmetric effect on regional production in the home country. A 
home region nearer to (farther from) a foreign country increases (decreases) her 
production in response to the growth of the foreign country. 
 The structure of the rest of the paper is as follows. Section 2 introduces a 
two-country international trade model with the explicit incorporation of two regions in 
the home country. We then derive regional export functions and the ratio of regional 
exports. Section 3 presents an empirical model, and section 4 empirically examines 
predictions of the two-country theoretical model with applications to Japanese regional 
export data. The empirical results support the effect of foreign economic growth on the 
structure of regional exports and productions in the home country. Section 5 extends a 
two-country empirical model to a panel framework model. Section 6 examines the 
non-linear effect of foreign growth, and the last section concludes the paper. 
 
2. The model 

Our theoretical model is based on the model of Forslid and Ottaviano (2003), 
which is a variant of the so-called ‘footloose entrepreneur’ model proposed by Krugman 
(1991). The simple model proposed in Forslid and Ottaviano (2003) is optimal for 
studying a spatial distribution of firms.  

Our model is standard, and the details are given in Appendix A-1 for the 
consumption side and in Appendix A-2 for the production side. In this section, we focus 
on describing the major features of our model. In our model, there are two countries, H 
and F. H owns two regions, 1 and 2, whereas there is only one region in F. There are 
two types of workers: unskilled workers, A, and skilled workers, S. S can move freely 
between regions but not between countries, while A are assumed to be immobile. The 
numbers of S in H and F are denoted by HL  and FL , respectively. Moreover, the share 
of S living in region 1 in H is represented by ]1,0[∈λ 5. All workers consume both the 

                                                   
5 When the number of people in region r is denoted by rL , L1=λ LH and L2=(1-λ )LH. 
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homogeneous good and varieties of differentiated goods. They spend a fraction of 
α−1  of their income on the homogeneous good and a fraction of α of their income on 

the differentiated goods. The elasticity of substitution between any two types of 
varieties in the differentiated goods is ( )1>σ .  

While the homogeneous good can be shipped without transportation costs, 
shipments of the differentiated goods incur iceberg-type transportation costs between 
regions 6 , 7 . The transportation costs for shipping one unit of any variety of the 
differentiated goods from region r to region s are denoted by )1(>rsτ 8. The most 
important feature in our model is generated by a simple and plausible assumption that 
international transportation costs are region-specific: FF 21 ττ ≠ .9 Specifically, region 1 
is assumed to have the advantage of access to F: FF 21 ττ < .10 The shipping of any 
variety of the goods between regions in H is assumed to incur 12τ . With regard to the 
relative magnitude of transportation costs, it is assumed that FF 2112 τττ <<  and

1212 τττ FF < .11  
As to the production of any of the varieties of the differentiated goods, we 

assume that S is used as fixed costs and A is marginally used as input. Specifically, f 

                                                   
6  The importance and difficulty of measuring trade costs are fully discussed in 
Anderson and van Wincoop (2004). All of the following constitute trade costs: tariffs, 
quotas, transportation, insurance, and time. Because our focus is on the difference 
among regions within a country, most of the constituents in trade costs are common 
among regions. In this paper, we use the term “transportation cost” as a differentiated 
part of the overall trade costs. 
7  If we assume that transportation costs increase monotonically with distance, 
geographical distance can be used as a proxy for transportation costs in the later 
analysis. 
8 When one unit of a variety is sent from region s to region r, srτ/1  units of this 
variety arrive in region r. The reduction of transportation costs is described by a lower

srτ . It is noted that transportation costs are not incurred when 1=ssτ .  
9 While Waugh (2010) argues that the trade frictions between rich and poor countries 
are systematically asymmetric, international transportation costs in this model are 
supposed to be symmetric for any pair of two regions, which means that it is assumed 
that FrrF ττ = .  
10 Figure 1 depicts our assumptions as to the geographical relationship between home 
regions and the foreign country. 
11  We suppose that domestic transportation costs are less than the international 
transportation costs. Furthermore, we impose another restriction to exclude the case in 
which exports from region 2 to country F via region 1 do not occur. The latter 
restriction is unnecessary because there is no mechanism by which region 2 uses region 
1 as an export-platform. By imposing this restriction, however, there will be only direct 
export even if an export-platform mechanism is explicitly introduced.  
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units of S are required to start producing each variety, and β  units of A are used to 
produce one unit of each variety. This assumption suggests that the number of firms in 
the differentiated goods sector is determined by a market-clearing condition for S: 

fLn Hλ=1 , ( ) fLn Hλ−= 12 , and .fLn FF =  The differentiated goods-market 
clearing conditions in each region determine the wage functions of the skilled workers 
in region r, rw , as a function of λ , 1A , 2A , FA , HL , FL , 1rτ , 2rτ and rFτ , 
implicitly.12   

When λ  is given, the regional export functions of the differentiated goods 
produced in two home regions, FE1 and FE2 , can be derived13. With these export 
functions as a variant of the gravity model, we can analyze the effect of other key 
variables on the regional exports14. These regional export functions state that the 
regional exports increase when the income of F grows and the transportation costs 
between each home region and F decrease, as most literatures have shown.  

Our main objective is to investigate the effect of each variable on the structure 
of regional exports in H. To achieve this objective, we introduce a ratio of the regional 
export. Using the regional export functions, (A8) and (A9), the export ratio is derived as 
follows:  

 
( ) FFFF TTEE 2121 1 λλ −= .           (1) 

 
This ratio states that the structure of regional exports in H is determined by λ  and by 
international transportation costs. It should be noted that when λ  is exogenously given, 
the regional structure is not affected by any parameters of the model except 
transportation costs.  

However, λ  is endogenously determined because the skilled workers can 
move between the regions in H. At equilibrium, the difference in the utility of the 
skilled workers between regions 1 and 2, )()()( 21 λλλ SS VVV −≡∆ , must be zero. 
Namely, at equilibrium, the following relationship must hold: 

αα λλλλ ))(()())(()( *
2

*
2

*
1

*
1 PwPw =  where *λ  represents the value of λ  at 

equilibrium. From the equilibrium condition and the definitions in the model, it is 
                                                   
12 The differentiated goods market clearing conditions derive the following equations: 

( ) ( ) ( ) ( )[ ]σσσσα −−− ++= 11
222

1
111 FFFrrrr PYTPYTPYTw , (r=1, 2 and F), where rY  

(r=1,2, and F) represents the income of each region.  
13 The regional export functions are explicitly derived in Appendix A-3, and distinctive 
features of the regional export functions are discussed therein. 
14 The theoretical foundation for the traditional gravity model with the effects of trade 
costs and the income of two countries on bilateral trade is given in Anderson (1979). 
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shown that *λ  depends non-linearly on the model parameters. Hence, FF EE 21  is 
indirectly determined by the model parameters through λ .  

Because one of our objectives is to provide an analytical foundation for 
investigating the structure of regional exports, we focus on a stable equilibrium in 
which both regions export the differentiated goods, and we exclude complete 
agglomeration from our equilibrium concept. We formally state our equilibrium concept 
in the following definition.  
 
 
Definition (Long-run Stable Regional Export Equilibrium):15 

*λ  is defined to be at a long-run stable regional export (LSRE) equilibrium if (i) *λ  is 

strictly within the range between 0 and 1 such that (ii) 0)( * =∆ λV , (iii) 0)( *
≤∆

λ
λ

d
Vd .  

 
  For some parameter values, we confirm the existence of a LSRE equilibrium 
by numerical simulation16. With values of λ  satisfying the conditions of the LSRE 
equilibrium, we can obtain the values for FF EE 21  at the LSRE equilibrium. 

The distinction between direct and indirect effects on the regional exports 
becomes significantly important when we construct an empirical model. Our 
contribution to econometric methodology in the empirical trade literature is to estimate 
both the ratio of regional exports and the ratio of regional production, both of which 
will be discussed more thoroughly in a later section. Only variables that directly affect 
the regional exports are included as explanatory variables in the ratio equation of 
regional exports, whereas variables that indirectly affect the regional exports via the 
regional productions are included in the ratio equation of regional productions. We 
estimate these simultaneous equations using full information maximum likelihood 
estimation. 
 
 
3. Estimation Model for Regional Exports and Productions 

In this section, we derive an empirical model for the regional export ratio from 
                                                   
15 The first condition of the definition implies that some skilled workers always remain 
in each home region, assuring that there will be production of the differentiated products 
and exports in each region. The second and third conditions require that the share of the 
skilled workers is endogenously determined and the equilibrium is stable.  
16 These results are available upon request from the authors.  



 10 

theoretical results obtained in the previous section. In the following, we will address the 
important issues of the selection for proxy variables and the problem of endogeneity. 

Using the market-clearing condition, ( fLn Hλ=1 ), 1x  in (A6) in Appendix A-2 and 

FE1  in (A8) in Appendix A-3 can be reformulated in the following equation: 
 

FHFF

FF

F LLTT

YT
w

xn
E

+−+
−=

])1([

1
)1(

21

1
1

11

1 λλ

α
σ
β

.
     (2) 

This equation states that 1E  is a function of the regional production ( 11xn ), 
transportation costs ( FT1 ), the parameter of the expenditure share (α), the parameter of 
consumer preference (σ ), the amount of the unskilled labor needed to produce one unit 
of a variety ( β ), a wage rate in the region in which any variety is produced ( 1w ), the 
expenditure of the foreign economy (YF), and the weighted sum of the number of skilled 
workers in the world ( FHFF LLTT +−+ ])1([ 21 λλ ). 

By taking the logarithm of the regional export equation (2) and rearranging the 
terms in the RHS of (2), we obtain the following equation for an importing country j: 
 

{ }jHjj

jjj

LLTT
YwTxnE

+−+−

+−−++=

])1([ln

lnln)1/(lnlnlnln

21

11111

λλ

σαβ
  (3) 

 
 We generalize an export equation for region i for time t with the following 
notations for the explanatory variables. The first term in (3) is the regional production, 
henceforth denoted as Pro. We use the distance between the region and the importing 
country, Dist, as a proxy for transportation costs, denote regional wage by Wage, and 
denote the income of the importing country by GDPIM. The last term in equation (3) is 
common for all regions and therefore is a region-invariant. We proxy this term by 
importing country dummies. For the following empirical model, cross-section 
dimensions include regions and industries, and industry dummies are also included. The 
three parameters ( σβα and,, ) are also captured by two sets of dummies. As a 
baseline model, we obtain equation (4). 
 

ijktkj

jtitijiktijkt GDPIMWageDistProE
εθθ

αααα

+++

+++= lnlnlnlnln 4321  (4) 
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where Proikt is the k-th industry production in Japanese region i in year t, Distij is the 
distance between the Japanese region i and the importer j, Wageit is the wage in region i 
in year t, GDPIMjt is the gross domestic product of the importing country j in year t, and 

jθ  kθ  are importer dummies and industry dummies, respectively. ijktε  is a 

disturbance term. The expected signs of the coefficients are as follows:

0and ,0,0,0 4321 ><<> αααα . Note that trade cost ( FT1 ) and distance are inversely 

related by definition and by negative sign for wage in equation (3). 
Using (4) for Japanese regions i and i’, we derive the estimated equation for the 

ratio of the regional exports: 
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where ijktε  is a disturbance term. It is noted that region invariant terms are dropped 

from equation (5). However, we will include the GDP of the importing country as a 
control variable to capture the time-series fluctuations of foreign demand.  

The most severe econometric problem of this estimating equation, (5), is 
endogeneity of the production variable. In the previous section, we showed that the 
number of skilled workers in each region (or the regional production) is endogenously 
determined by the model parameters. Estimating the equation without addressing the 
endogeneity of the production variable leads to inconsistencies in the estimates of all the 
variables in (5). Therefore, as a novelty in this study compared to the empirical 
international trade literature, we introduce a regional production equation in addition to 
the regional export equations and estimate a system of equations by full information 
maximum likelihood. From a zero profit condition and the market clearing condition for 
skilled labor, the amount of production in regions 1 and 2 can be rewritten as follows: 

( ) βλσ /1 111 HLwxn −=  and ( ) ( ) βλσ /11 222 HLwxn −−= . We must explicitly address 
that λ  depends on the parameters in the model, and therefore we focus on the 
parameters that are most likely to strongly affect production. Thus, we adopt the 
following equation:  
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where POPit is the population of the region, '
jθ and '

kθ are importer and industry 

dummies, respectively, and ijktν  is a disturbance term. Using (6), the estimated 

equation regarding the ratio of the production functions is as follows: 
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Our model suggests that the distance does not symmetrically influence regional 
production as a region with a geographical advantage attracts more firms from other 
regions when the foreign market grows. Note that the natural log of the distance ratio 
variable takes on a negative value when a region is located closer than the base region 
(in the denominator) to a foreign market and a positive value when it is farther than the 
base region.  
 
4. An Application to Japanese Regional Exports 
 In previous sections, we provided the concrete theoretical international trade 
model that accounts for the effects on the geographical structure of industry production 
within a country, and we have suggested the full information maximum likelihood 
estimation method for the simultaneous equations of the export and production 
functions. What remains is to construct a proper dataset; however, the data requirement 
for this study is much more demanding than the data requirements for standard 
empirical works in international trade. Accordingly, while more finely disaggregated 
export and production data than the data provided at the country level are necessary, few 
countries readily make such data publicly available. Fortunately, Japan provides both 
export and production data that meet the requirements of this study17. 

Production data are available at the prefecture level. For example, Figure 2 

                                                   
17 As a closely related empirical work to our study, Davis and Weinstein (1999) 
investigate regional production in Japan and show the home-market effect at the 
regional level. 
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shows 2005 production data for industrial robot and medical equipment, illustrating that 
the production of this industry is sparsely distributed across Japan. Figure 2 indicates 
that production is relatively dispersed across regions within a country. However, it falls 
short of telling us what the exports from these regions may look like. 

International trade data for each international port are provided by the Japanese 
Customs of the Ministry of Finance. Most prefectures in Japan have multiple 
international ports. By matching production data and export data at both the industry 
level and the geographical level, we can estimate the region-based export and 
production equations provided in the previous section. Most interestingly, we 
investigate how foreign growth affects the regional structure of production and, as a 
consequence, reinforces its effects on regional exports.   
 
4-1. Data 
 Production data at the prefecture level are obtained from the Prefecture 
Products by Economic Activity, Cabinet Office, the government of Japan. These 
production data sets are based on Japan’s SNA (System of National Accounts) industry 
classification. We selected 17 industries – agriculture, forestry, fisheries, mining and 13 
manufacturing industries – from this data set (see Appendix A-5). As annual data at this 
level of disaggregation over domestic regions are only available from 1990, our sample 
period begins in 1990 and ends in 2006. 

Export data are taken from the database of the Japanese Customs of the 
Ministry of Finance. The Japanese Customs provides finely disaggregated export data 
for each international port/airport18. The original annual export series are provided at a 
Harmonized System (HS) 9-digit level for each destination country. Our aggregation 
process includes four steps. First, HS 9-digit commodities are aggregated over HS 
2-digit industries.19 Second, we aggregate the port-level exports for each prefecture. 
Next we match the export data with the production data. However, industries are 
defined by two different classification systems. Therefore, by carefully examining 
detailed definitions for each classification system, a correspondence table is created 
between the two systems (see Appendix A-6). As a third step, export data at the HS 
2-digit industry level are aggregated to 17 SNA industries according to the 
                                                   
18 As a study using port level data, Blonigen and Wilson (2008) measure the efficiency 
of US and foreign ports and find that improved port efficiency significantly increases 
trade volumes. The aggregation of ports in this study mitigates possible differences in 
port efficiency among regions. The most efficient Japanese ports, measured by Blonigen 
and Wilson (2008), are relatively dispersed geographically. 
19 Descriptions for these HS 2-digit industries are provided in Appendix A-4. 
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correspondence table. 
At this point, we further aggregate these prefecture exports for two reasons. 

Some prefectures do not report any exports due to a lack of international ports within 
the prefectures. Thus, firms in these prefectures export from ports in other (possibly 
adjacent) prefectures. Similarly, there must exist some firms, especially near prefecture 
borders, that use international ports in adjacent prefectures. To minimize the effect of 
cross-border exports on our estimates, we grouped 47 prefectures into nine regions. In a 
final step, we construct the export series at the SNA industry level for these nine regions 
in Japan. The details of these regions are given in Appendix A-7. For destination 
countries, eight Asian (neighboring) countries were selected to accentuate the effects of 
marginal differences in distance among Japanese regions: China, Hong Kong, Indonesia, 
Korea, Malaysia, the Philippines, Singapore, and Thailand. 
  Regional employment data are taken from the Japanese census. The GDP and 
employment data for nine Asian countries are taken from the World Development 
Indicators of The World Bank. The original GDP series in US dollars are converted to 
Japanese yen values by period-average foreign exchange rates (JPY/USD). All series are 
adjusted and expressed in terms of Japanese yen. Regional wage data are taken from the 
Ministry of Health, Labour, and Welfare. We select male wage in the financial sector to 
best represent the wage of the skilled workers in our model20.  
 The distances between the Japanese regions and other Asian countries are 
measured in two steps. First, the distance to each Asian country is measured from each 
prefecture. When there are more than two local ports in one prefecture, the port with the 
largest value of trade is chosen for the measurement. The distance between each Asian 
country and each Japanese region is then defined as the shortest distance between the 
country and the prefectures in the region.  
 Note that for all variables, to match geographical aggregation with export data, 
prefecture data are also aggregated (or averaged) to nine regions. The number of 
observations in the final step is 17,81321. 
                                                   
20 Other industries in this wage database are the construction, manufacturing, retail and 
service sectors. 
21 The total number of observations is 20,808 based on 17 years, 9 regions, 8 importers, 
and 17 industries. Because of log specifications for exports, 4,219 observations with a 
zero value of exports are removed from the sample. Approximately one-third (1,731) of 
these zero value exports belong to the ninth region, which consists only of Okinawa 
prefecture. Okinawa prefecture is not a large economic region within Japan; however, 
Okinawa is chosen as one region because it is located far from the other regions. Note 
also that, by industry, mining has 795 zero value exports. Zero trade flows in this study 
are less severe than bilateral aggregated trade flows, as examined in Helpman, Melitz 
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4-2. Statistical Summary 
 Table 1 presents a statistical summary of the variables. These variables include 
exports and productions of the Japanese regions at the industry level, the GDP of the 
importing countries and the Japanese regions, the populations of the importing countries 
and the Japanese regions, the regional wages, and the relevant distances. Japanese 
exports and productions at the national level are also shown for the purpose of 
comparison, although they are not used in any estimation models. The first four rows 
represent exports and productions disaggregated among 17 industries for both regional 
and national levels. The difference between the mean (13 billion JPY) and the 
maximum (1,062 billion JPY) is almost 100-fold for regional exports. This is also 
reflected in that it is positively skewed (8.75) and demonstrates heavy fat tails with 
kurtosis of (110.34). In terms of regional production, distribution is less skewed and 
reflects smaller kurtosis.  
 The next four rows in Table 1 represent the size of the economies. Comparing 
gross domestic products of the importing countries and the Japanese regions, these two 
groups of economies are actually similar in size. However, there is a large discrepancy 
in terms of population because China’s 1.3 billion population significantly exceeds that 
of Japan. Differences in distance is approximately ten-fold between the shortest and the 
longest, mostly reflecting the locations of the importing countries. For a given 
importing country, the differences in distance among the Japanese regions are shown in 
Table 3. 
 Table 2 shows correlation coefficients among these variables. Even from 
simple correlations, we confirm that regional exports are positively associated with 
regional productions, the GDP of importing countries, regional population, and regional 
wages. whereas they are negatively correlated with distance between the Japanese 
regions and the importing countries. 
 Table 3 shows the statistical summary for the Japanese regions. First, the 
difference in regional exports is sizable as it is approximately 50 billion Japanese yen 
for Kanto and only one billion Japanese yen for Hokkaido, Tohoku, Shikoku and 
Okinawa. It is noteworthy that regional production is relatively more evenly dispersed 
than regional exports. This implies that the differences observed in regional production 
are drastically more amplified in regional exports. 
 Tables 4 and 5 present the shares of Japanese production by 9 regions and 17 
industries. Table 4 represents the industry share of production for each region. First, the 
                                                                                                                                                     
and Rubinstein (2008). 
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largest share falls on the service sector with a range between 33.4% (Chubu) and 77.5% 
(Okinawa). This sector is omitted from the following analysis because our focus in this 
paper is on manufacturing exporters22. Second, the regions also differ in industry 
specialization patterns. The electrical equipment industry and the other manufacturing 
industry have the largest shares in many regions. With respect to the electrical 
equipment industry, the share is the largest for Tohoku (12.6%) and the second largest 
for Kanto (8.4%), Chubu (9.2%), Kinki (8.7%) and Kyushu (7.0%). For other 
manufacturing industry, the share is the largest for Kanto (8.8%) and Kinki (9.5%), and 
the second largest for Chugoku (8.1%) and Shikoku (8.3%). Transportation equipment 
is the largest industry for Chubu (13.7%) and Chugoku (8.3%). Most of the automobile 
production by Toyota is concentrated in the Aichi prefecture of the Chubu region. The 
food industry is also prominent in some regions as it is the largest industry in Hokkaido 
(8.9%), Shikoku (8.6%), and Kyushu (8.3%).  
 Table 5 represents the regional distribution of production for each industry, and 
the majority of production occurs in three regions, namely, Kanto, Chubu, and Kinki. It 
is noted that these regions are the largest economic regions, in terms of area, population, 
and economic size (see Table 3). However, Hokkaido, Tohoku, and Kyushu, being 
relatively smaller economic regions, appear as the largest production regions in the 
industries of agriculture, forestry, fisheries, and mining. Regarding petroleum, the 
Chugoku region is the third largest production region. Accordingly, it can be concluded 
that production distribution across regions differs widely among industries. 
 Tables 6 and 7 show the decompositions of Japanese exports by 9 regions and 
17 industries. Table 6 represents the share of exports of the industries for each regional 
export. For the purpose of comparison, the largest three industries for each region in 
terms of production are depicted with shading. Two features in Table 6 are noted. First, 
the export share of the other manufacturing industry is very low, ranging between 0.2 
and 2.9 for all regions, even though the production share of the other manufacturing 
industry is over 20 in three regions. This wide discrepancy reflects that this category 
covers all other industries besides the designated 16 industries. The other manufacturing 
industry category covers a wide range of small and negligible industries in which small 
manufactures solely focus on the domestic market. Second, for some industries, export 
shares significantly exceed production shares. For example, the chemical industry 
accounts for most of the exports for Okinawa, i.e., 87.5%, whereas this industry 

                                                   
22 This is not to say that service sector trade is not an important issue, but differences in 
international trade costs arising from geographical location is not applicable for the 
service sector; in addition, the customs database does not cover service sector trade. 
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accounts for only 0.2% of the production share in Okinawa. As an another example, 
Hokkaido region’s largest three export industries (primary metal, pulp & paper, and 
machinery) do not coincide with the largest three production industries (foods, 
agriculture, and other manufacturing). From these observations, we see that production 
patterns and export patterns of the regions do not necessarily align with each other. 
Some industries produce only for a domestic market, while other industries produce for 
foreign markets - and possibly for the domestic market as well.  
 Table 7 represents the regional distribution of Japanese exports for each of the 
17 industries. Again, for the purpose of comparison, the largest three regions for each 
industry in terms of production are shaded in the table. Table 7 also shows, from a 
different perspective, that production and exports do not necessarily follow the same 
patterns. The following industries are in regions that the largest share of exports but do 
not have the largest share of regional production: agriculture in the Kinki region, 
forestry in the Kanto and Okinawa regions, fisheries in the Kanto region, and primary 
metal in the Chugoku region. 
 From these preliminary investigations of regional production and exports, the 
following two observations essential to this study are made clear. First, variations across 
regional production are amplified in variations across regional exports (Table 1 and 
Table3). Second, some regions export too much relative to their production size 
(Table7). This discrepancy can be explained if a production plant for exports is 
established in regions that have only small production capacities for the domestic 
market. 
 
4-3. Equalized Unskilled Worker Wage 
 It is important to understand how the theoretical model works with regard to 
skilled wages. In the region closer to a foreign country, prices of foreign products are 
cheaper due to international trade costs. Therefore, all other things being equal, the 
skilled workers/entrepreneurs agglomerate in that region. This leads to a further decline 
of the price index in that region because more products produced in that region do not 
incur inter-regional trade costs. At equilibrium, real wages of the skilled workers are 
equalized across the regions so that no single skilled worker/entrepreneur has the 
incentive to move to the other region. As a result, the nominal wages of the skilled 
workers/entrepreneurs must be lower in that region.  
 One of the restrictive assumptions in the model is that nominal wages of the 
unskilled workers are equalized. In the standard approach, the homogeneous good is 
taken to be numeraire, the input to this good is the unskilled workers, the amount of 



 18 

labor requirement to produce this good is one, and a zero trade cost is assumed for this 
good. This leads to the equalization of the wage of the unskilled workers across regions. 
For example, if the zero trade costs of the homogenous good assumed in the model is 
relaxed, the wage of the unskilled workers no longer needs to be the same across 
regions. Consequently, the relative wage of the skilled workers to the unskilled workers 
must be adjusted. 
 To implement the above argument in the empirical model, we use the wage of a 
female in the manufacturing sector as a proxy for the unskilled workers. It is noted that 
a large proportion of the female workers in the manufacturing plants in Japan are 
part-time workers. The wage level of the female workers in the manufacturing sector in 
comparison to the wage for male workers in the financial sector is substantially lower. 
We use the relative wage of the male working in the financial sector to the female 
working in the manufacturing sector in the previous regression models. 
 As a preliminary exercise, we estimate the export equations by using both wage 
variables, namely, the skilled wage ratio and the relative skilled/unskilled wage ratio. 
Irrespective of specification forms, the estimated coefficients of the relative 
skilled/unskilled wage ratio are negative and consistent with the theoretical predictions, 
whereas those of the skilled wage ratio are positive. With this dramatic change in the 
sign, we note the importance of relative wage considerations that may be overlooked in 
the theoretical model by imposing the assumption that the wages of the unskilled 
workers is equalized in all regions/countries. Note that the magnitude and statistical 
significance of the other coefficients have not significantly changed, irrespective of 
which wage variable is used. 
  
4-4. Estimation Results for Two-Country Model  
 Using these Japanese data as constructed by the regions and industries, we 
estimate regression models (in section 3) by closely following the theoretical setups (in 
section 2). 
 
4-4-1. Single Export Equation Estimation  
 First, we only estimate the export functions, following the export ratio function, 
(5). This is a preliminary analysis that is to be compared with the fully specified model 
in the following to evaluate the impact of not considering the production capacity 
variable in the export function. 
 To be consistent with our two-country model, we estimate the export ratio 
function, (5), separately for each individual importing country, i.e., namely Korea, 
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China, Hong Kong, Thailand, Singapore, Malaysia, Philippines, and Indonesia. We 
include regional wages and the GDP of the importing country as control variables 
despite the fact that the ratio specification of the export equation does not include these 
variables. Note that time dummies are not included because inclusion causes a 
singularity problem with the GDP of the importing country.  
 Table 8 shows the estimation results for each of the importing countries. The 
fits of the regressions are modestly high in terms of adjusted R2. The low values of 
Durbin-Watson statistics indicate that autocorrelations in disturbance are highly 
suspected. We address the issue of autocorrelation in subsection 4-4-3 by modifying the 
estimation model to a dynamic framework. We summarize the main findings in the 
following four points. 

First, the difference in regional production is magnified in regional exports. 
The coefficients of ln Ratio_Pro are positive and statistically significant at the one 
percent level for all importing countries. The magnitude of the coefficients is above 1 
(except for Korea) and varies between 1.106 (China) and 1.305 (Thailand and 
Malaysia).  
 Second, the effect of distance, i.e., the proxy for international transportation 
cost, has a negative effect on regional exports. This negative impact of distance on trade 
is consistent with numerous empirical studies using a gravity-type model (for full 
discussion on distance and trade costs, see Anderson and van Wincoop (2004)). The 
coefficients of ln Ratio_DIST are negative and statistically significant at the one percent 
level for all importing countries. In terms of magnitude (in absolute term), the importing 
countries are possibly grouped in two. The first group consists of Korea (-2.593), China 
(-3.134), and Hong Kong (-2.579). The second group consists of Thailand (-4.835), 
Singapore (-6.606), Malaysia (-5.051), and Indonesia (-4.770). Interestingly, the first 
group corresponds to countries relatively nearer to Japan. Combined with the fact that 
the distance ratio among Japanese regions varies less for countries in the second group 
(countries relatively farther from Japan), the effect of the difference in absolute distance 
rather than relative distance may be similar in magnitude. We note that the Philippines is 
an exception, as the distance effect shows a smaller magnitude although it is located 
relatively far from Japan. 
 Third, consistent with the results of the theoretical model in which the relative 
wages of the skilled workers compared to the unskilled workers have a negative effect 
on regional exports, the empirical evidence shows that a region with higher wages is 
likely to export less. The coefficients of ln Ratio_Wage are negative and statistically 
significant at the one percent level for all importing countries. We obtain inconsistent 
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results if we assume the restrictive assumption of factor price equalization for the 
unskilled workers in the theoretical model and use only the skilled wage variable. 
 Fourth, with regard to the GDP of the importing countries, it is noted that this is 
the only variable not included in the ratio. We include it as a control variable because it 
is an essential variable if export regression is level (i.e., not in the ratio). The expected 
sign of the GDP of each of the importing countries is ambiguous and crucially depends 
on the choice of a base region. With the Kanto region as the base region in Table 8, 
positive coefficients indicate that non-Kanto regions increase their exports relative to 
the Kanto region when foreign countries grow. We note that statistical significance of 
the GDPIM on regional exports vanishes when we consider a dynamic specification in 
the following sections 
 
4-4-2. Simultaneous Equation Model of Export and Production 
 Addressing the theoretical model that production capacity (the number of firms 
or the number of skilled workers in section 2) is endogenously determined, we estimate 
both exports and productions as a simultaneous equation model. The results are shown 
in Table 9.  
 The top panel shows the estimated results of the regional export equations. 
Surprisingly, most of the estimated coefficients are similar to the single export equation 
estimates in both magnitude and statistical significance. The only significant difference 
appears in the estimated coefficient of the production variable. This supports our use of 
the simultaneous equation modeling to overcome the problem of endogeneity for the 
production variable. The single equation estimates undervalue the impact of production 
(i.e., proportional to the number of firms and the number skilled workers in our model), 
on average, by 30 percent. Point estimates of production effects on regional exports 
increased 22.6% (Korea), 16.6% (China), 38.6% (Hong Kong), 32.3% (Thailand), 
43.6% (Singapore), 31.5% (Malaysia), 34.2% (Philippines), and 34.8% (Indonesia) in 
the simultaneous equations. 
 The bottom panel of Table 9 shows the estimated results of the production 
equation. The fits of the regression models are high, i.e., all are equal to or above 0.74. 
First, the effect of distance on regional production becomes bipolar among the 
importing countries. Note that distance in this context, by regressing for a single 
importing country, reflects only marginal differences among Japanese regions in terms 
of the relative geographical position with respect to the selected importing country. In 
other words, the difference in geographical position of the importing countries is not yet 
reflected upon the estimated coefficients of the distance variable. Notwithstanding the 
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fact that the distance variable reflects only marginal differences in regional distance, the 
estimated signs are negative and statistically significant at the one percent level for 
Korea and China, whereas they are positive and statistically significant at the one 
percent level for Hong Kong, Thailand, Singapore, and the Philippines. These mixed 
results for the sign of the distance coefficients in the production equations suggest a 
possible non-linearity relationship between the distance effect and the importing 
countries. This issue is further addressed in section 6-2. 
 
4-4-3. Dynamic Specification 
 Durbin-Watson statistics in the previous estimations (Table 9) indicate the 
presence of autocorrelation in the error term. Thus, we introduce the lagged term of the 
endogenous variable as an explanatory variable. Table 10 shows the estimated results 
for the dynamic simultaneous equations model. The lagged endogenous variables are all 
statistically significant at the one percent level. The point estimates are higher in 
production equations than in export equations. As a result of introducing the lagged 
endogenous variable as an explanatory variable, the Durbin-Watson statistics 
demonstrate significant improvements in both export and production equations.  
 On the export side, regional productions and distance variables continue to 
demonstrate the expected signs and are statistically significant at the one percent level 
(except for distance in Thailand). It is, therefore, confirmed that qualitative implications 
remain robust regardless of the dynamic specifications, although the control variables 
become statistically less significant in the dynamic model. 
 With respect to the production equation, the qualitative effect of regional 
population remains positive and statistically significant whereas wage effects on 
production remain insignificant. Thus, a few remarks on the changes in the estimated 
results are necessary. First, the mixed effects of distance (found in a static model of 
Table 9) disappear as distance coefficients for all importing countries are no longer 
statistically significant. Second, the size effects of the importing countries all become 
negative, which is consistent with the competition effect of foreign growth on 
production in the home country. 
 
5. Panel Data Estimation in a Multi-Country Framework  
 In the previous section, an estimation model is carefully designed to match the 
‘two home-regions and one foreign country’ model of the theoretical section. Other 
foreign countries are suppressed in the theoretical section for the purpose of a simple 
presentation. It is apparent that the existence of international trade between a foreign 
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country and home regions should affect the international trade between another foreign 
country and home regions. In this section, we extend an empirical model to include 
multi-foreign countries. In an extended model, we follow Anderson and van Wincoop 
(2003) and others for the treatment of a multilateral resistance term. 
 
5-1. Specification Issues in the Gravity Model 
Anderson and van Wincoop (2003) explicitly introduce the theoretically appropriate 
average trade barriers as a ‘multilateral resistance’ term. A full general equilibrium 
model leads to a multilateral resistance term in addition to the standard gravity equation; 
i.e., trade value is negatively related with trade costs and positively related with the size 
of economies. The multilateral resistance term for trade between countries i and j 
consists of the weighted sum of trade costs, including all pair-wise countries neither i 
nor j. Anderson and van Wincoop (2003) derive the exact formula for the multilateral 
resistance term; however, the calculation of these multilateral resistance terms requires 
custom programming to perform the constrained minimization (Feenstra, 2002). Rather 
than calculating the unobserved price indexes, Feenstra (2002) suggests using source 
and destination region fixed effects. Bair and Bergstrand (2009) suggest an alternative 
approach that uses fixed-effects estimates to calculate multilateral resistance terms23. 
We further note that Anderson and van Wincoop (2003) acknowledge an advantage of 
the simpler calculation of a fixed effects model; however, they note that “fixed-effects 
estimation is less efficient…(and) is not necessarily more robust to specification error” 
(Anderson and van Wincoop, 2003, p. 180.) 
 For the following panel estimation, dimensions of which consist of Japanese 
regions, importing countries, and time, we include fixed effects of Japanese regions, 
importing countries, time and industries by following the strategy of Feenstra (2002). 
 
5-2. Estimation Results 
 The results of the full information maximum likelihood estimation for the panel 
framework is presented in column (i) of Table 11. Regarding the four variables of 
interest in the export equation, all estimates are confirmatory to the expected signs 
(except for wages) and are statistically significant. First, regional industry production 
has more than a one-to-one correspondence with regional industry exports. The 
estimated coefficient is 1.402 and is greater than unity with statistical significance at the 

                                                   
23 Recent discussions on econometric modeling of international trade involves 
estimating the elasticity of the substitution of CES models (Bergstrand, Egger, and 
Larch, 2013) and non-CES models (Novy, 2013). 
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one percent level. Second, the distance between the importing country and the Japanese 
region represses regional exports. The elasticity of distance on exports is -2.906. This 
trade cost elasticity is comparably much larger than those estimates from studies using 
the Canada-US province/states dataset. The estimated trade cost elasticity is -0.79 in 
Anderson and van Wincoop (2003) and -1.25 in Feenstra (2002). However, these studies 
estimate the border effect and trade cost elasticity separately, whereas trade cost 
elasticity in this study picks up both effects. The combined effect of border and distance 
is then -2.44 in Anderson and van Wincoop (2003) and -2.80 in Feenstra (2002). Third, 
higher relative wages of the skilled compared to the unskilled workers in a region put 
downward pressure on regional exports of 5.589 percent when the relative wages of the 
skilled increase by 1 percent. This negative wage effect is consistent with the theoretical 
prediction. Fourth, a ten percent growth in income of the trade partner induces an 
approximate four percent growth in exports for each Japanese region. The estimated 
coefficient for income of the importing country is 0.347 and significant at the one 
percent level.   
 With respect to the production equation, general results from the single 
destination country model remain unchanged. Regional population is positive and 
statistically significant at the one percent level. The distance effect is negative and 
statistically significant. The economic size of the importing countries and wages are not 
statistically significant. As in the single destination country model, the Durbin Watson 
statistics are very low for both the export and production equations. 
 To address the possible autocorrelation in the disturbance terms, we again 
introduce the lagged dependent variable as an explanatory variable, similar to the 
estimation models in 4-4-3. The estimated results of the dynamic models are shown in 
columns (ii) through (iv). Specification (ii) excludes region and time effects, and 
specification (iii) excludes regional fixed effects. The problem of autocorrelation 
disappears from both equations with regards to the Durbin-Watson statistics. For the 
export equation, qualitative results remain robust for the variables of interest. For the 
production equation, except for the regional population variable, we obtain mixed 
results. The distance and the relative wage ratios become statistically insignificant. The 
statistical significance of the importing countries depends on the inclusion of time 
dummy variables. Specification (iv) includes all fixed effects for industry, Japanese 
region, importing country, and time for the reason discussed in section 5-1. Nonetheless, 
for the export equation, qualitative results remain robust for the variables of interest. 
The exception is the relative wage ratio as the estimated coefficient is no longer 
statistically significant. 
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 As a robustness check, we confirm whether these effects may be influenced by 
the choice in the base region (a region in the denominator). The estimated results are 
shown in Appendix-A8 when Hokkaido is chosen as a base region. Qualitative results 
remain the same. 
 
6. Non-Linear Effect of Foreign Growth on Production 
 In this section, we relax some of the assumptions for the specification of the 
estimation model. Due to the non-linearity of the production equation, which arises 
from balancing the welfare of the skilled workers across regions by the interregional 
migration of skilled workers, a non-linear specification of an estimation model for 
production may be more appropriate. 
 The non-linearity between production and other control variables that arises in 
our model is often observed in other spatial economy models. We suspected this 
non-linearity relationship when we obtained mixed signs for the distance coefficients 
for the single importing country regressions in section 4-4-2. To capture this 
non-linearity, we introduce an interaction term between distance and foreign income 
variables. Table 12 shows the estimated results for this modified production equation, 
and estimation results are presented for various sets of fixed effects: (v) neither region 
nor time fixed effects in exports and no time fixed effect in production; (vi) no regional 
fixed effects in exports with time dummies in production; and (vii) all fixed effects in 
exports and no time dummies in production. 
 The estimated coefficients of the export equations are only minimally affected. 
Regarding the production equation, estimated coefficients of population and wage 
variables are unaffected. On the other hand, estimation results support non-linear effects 
as the estimated coefficient of the interaction term between the distance indicator 
variable and importer’s economy size is negative and statistically significant. For linear 
effect parts, both variables are statistically significant except for the GDPIM in columns 
(vi) and (vii). Furthermore, distance is positive and the size of the importing country is 
negative. Thus, the combined effect of the economic size of the importing country for 
(v) is -0.005-0.013(ln Ratio_DIST). As we use the logarithmic form, the value of ln 
Ratio_DIST becomes negative (positive) for a region with respect to the base region 
(Kanto) being nearer to (farther from) each importing country. This implies that an 
increase in economic size of the importing country may induce positive effects on one 
region and negative effects on another, especially for the importing country near Japan 
(because a marginal difference in distance among regions is accentuated for nearby 
countries). For example, from Table 3, ln Ratio_DIST between Kyushu and Korea (with 



 25 

respect to the base region) is calculated to be -0.774, which is large enough (in absolute 
terms) to make the combined effect of Korean GDP on Kyushu production positive.   
 Therefore, the result indicates that the growth of a foreign market induces 
greater production in regions nearer to foreign countries and but reduces production in 
regions far from the foreign market. This is consistent with our theoretical model that 
incorporates a production shift across regions and with empirical studies by Hanson 
(1998), Jordaan (2008), and Szanyi et al. (2010). In addition, the population variable, 
representing the unskilled workers in the model, is positive and statistically significant 
at the one percent level. 
 
7. Discussions and conclusions 
 We investigate how international trade affects the geographical structure of 
production as well as exports within one country. As a theoretical contribution, we 
introduce a two-country trade model with the explicit incorporation of two regions and 
with asymmetric international trade costs in the home country. The theoretical results 
suggest that the geographical structure of regional exports is simultaneously determined 
with the relocation of production across regions within the home country. Regarding 
international trade, the regional structure of production is non-linearly related with 
international transportation costs, importer’s GDP, regional wages, and regional 
employees.  
 With geographically disaggregated Japanese trade data, we apply full 
information maximum likelihood estimation for the simultaneous equations of regional 
exports and regional production for 17 industries in 9 Japanese regions and 8 Asian 
countries. Our empirical results find supporting evidence that a foreign economy located 
near the home country induces the relocation of regional production in the home country. 
A region nearer to (farther from) the foreign market increases (decreases) in response to 
the growth of neighboring economies. 
 Another contribution with regard to the empirical study is finding of the need 
to evaluate the production effect on exports via relocations of production across regions 
due to international trade. A comparison between the result of the single equation 
estimation and that of the simultaneous equation estimation shows that there is a 
downward bias in production coefficients in the export equations of the single equation 
model.  
 There remain two caveats for interpreting the results of this study. The first 
caveat is that empirical results show that the signs of the coefficients of the importer’s 
GDP on regional exports are not robust. More importantly, our empirical framework 
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uses the ratio specification. For a common coefficient of importers’ GDP across regions, 
however, the variable should be dropped. Furthermore, the growth of foreign countries 
has some offsetting effects, as shown in the theoretical model. On the one hand, a 
growth of foreign countries provides larger export markets for home exporters, while on 
the other hand, the growth of foreign countries creates downward pressure on domestic 
production due to the emergence of competing foreign firms. These effects do not 
necessarily work in the same direction. Finally, manufacturing firms in developed 
countries shift production to emerging economies as a foreign direct investment, a 
factor that is not incorporated in our theoretical model.  
 The second caveat is that regional production should not necessarily be too 
sensitive to international trades. Regional production is for both domestic and foreign 
consumption. When domestic consumption is relatively large, production should not be 
significantly influenced by foreign countries. In addition, in our empirical study, we 
focus on the effects of Asian countries. If exports to other foreign countries is relatively 
large, a strong relationship between regional production and regional exports cannot be 
discovered. Against all odds, however, in this study, regional exports are affected by 
regional production.  
 There are several trade models that consider regions within a country in 
addition to Krugman and Elizondo (1996) and Behrens et al. (2006, 2007). These focus 
on agglomerations within one country. Rossi-Hansberg (2005) considers a continuum 
segmented line model for which countries are intervals. This approach is flexible 
enough to allow for various types of regional production patterns within a county. Marjit 
and Beladi (2009) also consider a Ricardian model with a continuum region within a 
country. However, as international (or intra-national) trade in these models is only 
necessitated by specialization in one of two products, its direct application to empirical 
research is limited. Our model is also capable of making predictions regarding regional 
production, regional export ratios, and export tendencies with industry characteristics, 
among other issues that may be open to further investigation.  

To summarize, this study considers that both internal and external factors 
should affect the decisions regarding both exports and production. Regional exports or, 
alternatively, regional production for foreign markets are driven by external factors 
whereas regional production for home markets are driven by internal factors. At the 
same time, production for foreign markets should depend on production for home 
markets, for example, by economy of scale. Consequently, both regional exports and 
regional production for both foreign and home markets should depend on both external 
and internal factors. These complex mutual causality relationships can be treated only 
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by simultaneous consideration of both regional exports and regional production. 
 



 28 

Appendix  
A-1. Indirect utility function and price index 

Consumers obtain utility from the consumption of two kinds of goods - a 
homogeneous good and differentiated goods. The individual utility function is assumed 
to be a Cobb-Douglas type:  

αα MGU −= 1             (A1) 
where G is the consumption for the homogeneous good, M refers to a sub-utility 
function with regard to the consumption of the differentiated goods, and α  is the share 
of expenditure devoted to the differentiated goods. The sub-utility function is assumed 
to be of the CES type: 
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where N is the number of varieties in the world, m(v) is the consumption of the variety 
labeled by v in M, and )1(>σ  is the elasticity of substitution among the varieties.  

Solving the utility maximization problem leads to an indirect utility function 
for a consumer who is type h(=A, S) and lives in region r, h

rV , as follows: 
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where h
rw  denotes the wage rate of a correspondent worker and rP  is a price index 
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where ( )vpsr  is the price of the variety indexed by v, produced in region s, and 
consumed in region r.  

As the sipping of the differentiated goods incurs an ice-berg type of 
transportation costs, the consumer prices of varieties can differ from the producer prices 
of the correspondent varieties. Thus ssrsr pp τ=  where sp  is the producer price of 
the varieties produced in region s.  
 
A-2. Supply side 
 There are two sectors in the economy - a homogenous good (G) sector and a 
differentiated goods (M) sector. The G sector produces the homogeneous good under 
perfect competition using A as an only input and with constant returns to scale 
technology. We choose the homogeneous good as a numeraire. Moreover, the unit input 
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requirement is assumed to be one, and the shipping of the homogeneous good is 
assumed to be costless. The setting and our normalization as to the G sector cause the 
wage of the unskilled labor to be equal to one in all regions in equilibrium. Namely, 

1=A
rw  holds for all regions. Hereafter, the wage rate of the skilled workers living in 

region r is denoted by rw . This is because we do not have to use a notation for the 
wage rate of the unskilled workers.  
 M sector consists of monopolistically competitive firms that can produce a 
continuum of varieties of the horizontally differentiated goods and then differentiate 
without cost. Each firm incurs f units of S as a fixed cost, and β  units of A as its 
marginal labor requirement. The assumption that in M sector each firm differentiates 
without costs leads to the conclusion that each firm produces only one variety and that 
the number of firms becomes equal to the number of the varieties in the world. 
According to this technology, any price of the differentiated goods does not depend on 
the location of the firm. Therefore, we denote the price of any differentiated goods by 
p : )1/( −≡= σσβpps . From the price of the differentiated goods, we determine the 

price index for each region: 

( ) σ−++= 1
1

2211 FrFrrr TnTnTnpP ,         (A5) 

where )1,0[1 ∈≡ −στ srsrT 24. From a zero profit condition, we find the amount of output 

for each firm is 
βσ rr fwx )1( −= ,           (A6) 

where rx  is the amount of output of the firm in region r.25 
 
A-3. Export functions 
 The regional exports of the differentiated goods produced in the home regions 
are denoted by FE1  and FE2  when λ  is given. With the assumed utility function, 
the export functions of region r are written as 

( ) FFrFrrF aYPpTnE σ−= 1 ,          (A7) 
where FY  is the income of F. Because the income of each region is the sum of the 
wage of all workers residing in the corresponding region, rrrr LwAY +=  (r=1,2, and 
F) holds. From the definitions in the model, the regional export functions can be 
rewritten as follows: 

                                                   
24 The value of 0 for Tsr would produce infinite transportation costs, such that when this 
variable takes one, it means that there are no transportation costs. 
25 It is noted that the size of the firm increases with the wage of the skilled workers. 
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It is also interesting that due to the model’s CES structure when all 
transportation costs disappear, FE1  simply becomes the share of Region 1’s skilled 
labor as a percentage of the world’s skilled labor multiplied by the share of 
manufacturing products and the foreign income. This is found when FE1  is rewritten 
as ( )[ ] FFHHF YLLLE αλ +=1  if 121 == FF TT . 
 Without resorting to a numerical analysis of comparative statistics of )( *λrFE , 
some distinctive features stand out in the structure of these export functions. First, only 
a subset of parameters appears explicitly in FE1 . Some parameters regarding home 
regional characteristics do not directly affect the regional export, although all 
parameters in the model indirectly affect the regional export throughλ . Because λ  is 
proportionate to the number of firms and then to production in each region, we call the 
effect of the parameters in the model on λ  the indirect effect on production. It is 
important to note that all of these indirect effects on production are asymmetric between 
the two home regions26. 

Second, the direct effects are unambiguous for some important variables. The 
direct effect of foreign income, YF, is positive on both regions’ exports. Therefore, YF is 
positive in both regional export functions. The income growth of the foreign country 
promotes the regional exports of all regions in H. The production effects described by 
the coefficients of λ  for Region 1 and 1 λ−  for Region 2 are positive for both 
regional exports, and the production in each region is positively correlated with each 
region’s exports. The direct effect of transportation costs is found to be negative, which 
is consistent with the literatures. A decrease in T1F, indicating an increase in 
transportation costs, lowers the regional export. 

Third, while an increase in A in the home regions should increase the regional 
                                                   
26 Home domestic transportation cost ( 12T ), and the number of unskilled workers in 
each home region (A1 and A2) do not appear explicitly in the regional export. These 
parameters affect the regional export only via the indirect effects on the regional 
production. Moreover, the expected signs of the indirect effects of the parameters that 
do not appear in the regional export functions are opposite between the two home 
regions. This is because the signs of the coefficients of λ  are opposite between the 
regional exports.  
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production, it does not appear directly in the regional export functions. Therefore, the 
numbers of A in both home regions only indirectly affect the regional export via the 
regional production.  

Fourth, technological improvement by the foreign country, such as a decline in 
fixed cost, f, reduces the price index of the foreign country through the increase in the 
number of firms in F. This, in turn, decreases the value of the regional export in both 
home regions, an effect that can be considered a competition effect. 
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A-4. Descriptions of Chapters (Two-digit HS classification codes) 
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A-5. Classification of Industries by SNA 
(1) Agriculture, (2) Forestry, (3) Fisheries, (4) Mining, (5) Foods, (6) Textile, (7) Pulp & 
Paper, (8) Chemical, (9) Petroleum, (10) Stone clay, (11) Primary metal, (12) Fabricated 
metal, (13) Machinery, (14) Electrical equipment, (15) Transportation equipment, (16) 
Instruments, (17) Other manufacturing, (18) Service. 
Note: For estimation of export and production equations, the service industry is 
excluded.  
 
A-6. Correspondence Table for HS2 industries and SNA industries 
HS2 SNA HS2 SNA HS2 SNA HS2 SNA HS2 SNA 
1 1 21 5 41 17 61 17 81 12 
2 1 22 5 42 17 62 17 82 12 
3 3 23 5 43 17 63 17 83 12 
4 1 24 5 44 17 64 17 84 13 
5 1 25 10 45 17 65 17 85 14 
6 2 26 10 46 7 66 17 86 15 
7 1 27 8 47 7 67 17 87 15 
8 1 28 8 48 7 68 10 88 15 
9 1 29 8 49 18 69 10 89 15 
10 1 30 8 50 6 70 10 90 16 
11 5 31 8 51 6 71 4 91 16 
12 5 32 8 52 6 72 11 92 17 
13 5 33 8 53 6 73 12 93 17 
14 5 34 8 54 6 74 12 94 17 
15 5 35 8 55 6 75 12 95 17 
16 5 36 8 56 6 76 12 96 17 
17 5 37 8 57 6   97 18 
18 5 38 8 58 6 78 12   
19 5 39 9 59 6 79 12   
20 5 40 17 60 6 80 12   
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A-7. Classification of Regions 
(1) Hokkaido (Hokkaido); (2) Tohoku (Aomori, Iwate, Miyagi, Akita, Yamagata, 
Fukushima); (3) Kanto (Ibaragi, Tochigi, Gunma, Saitama, Chiba, Tokyo, Kanagawa); 
(4) Chubu (Niigata, Toyama, Ishikawa, Fukui, Yamanashi, Nagano, Gifu, Shizuoka, 
Aichi); (5) Kinki (Mie, Shiga, Kyoto, Osaka, Hyogo, Nara, Wakayama); (6) Chugoku 
(Tottori, Shimane, Okayama, Hiroshima, Yamaguchi); (7) Shikoku (Tokushima, Kagawa, 
Ehime, Kochi); (8) Kyushu (Fukuoka, Saga, Nagasaki, Kumamoto, Oita, Miyazaki, 
Kagoshima); (9) Okinawa (Okinawa). 
Note: Region names are in italics and member prefectures are in parentheses. 
 
A-8. Robustness check (alternate base region) 

 
Note: The region in the denominator of ratio variables is Region1(Hokkaido) 
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Brülhart M, , Carrére, A., Trionfetti, F., 2012, How wages and employment adjust to 
trade liberalization: Quasi-experimental evidence from Austria, Journal of 
International Economics, 86(1), 68-81. 

Canadian Trade Commissioner Service, 2010, Handbook to Upstate New York, Western 
Pennsylvania and West Virginia. 

Cheng, Leonard K. and Yum K. Kwan, 2000, What are the determinants of the location 
of foreign direct investment? The Chinese experience, Journal of International 
Economics, 51, 379-400. 

Davis, Donald R. and David E. Weinstein, 1999, Economic geography and regional 
production structure: An empirical investigation, European Economic Review, 
43, 379-407. 



 37 

Feenstra, Robert C., 2002, Border effects and the gravity equation: Consistent methods 
for estimation, Scottish Journal of Political Economy, 49(5), 491-506 

Forslid, Rikard and Ottaviano, Gianmarco I. P., 2003, An analytically solvable 
core-periphery model, Journal of Economic Geography, 3(3), 229-240. 

Hanson, Gordon, 1998, Regional adjustment to trade liberalization, Regional Science 
and Urban Economics, 28, 419-444. 

Helpman, Elhanan, Melitz, Marc, and Rubinstein, Yona, 2008, Estimating trade flows: 
Trading partners and trading volumes, Quarterly Journal of Economics, 123(2), 
441-487. 

Jenkins, Rhys, 2008, Measuring the competitive threat from China for other Southern 
Exporters, The World Economy, 31(10), 1351-1366. 

Jordaan, Jacob, 2008, Intra- and Inter-industry externalities from foreign direct 
investment in the Mexican manufacturing sector: New evidence from Mexican 
regions, World Development, 36(12), 2838-2854.  

Krugman, Paul, 1991, Increasing returns and economic geography, Journal of Political 
Economy, 99(3), 483-499. 

Krugman, Paul and Raul Livas Elizondo, 1996, Trade policy and the third world 
metropolis, Journal of Development Economics, 49, 137-150. 

Marjit, Sugata and Hamid Beladi, 2009, International and intra-national trade: A 
continuum approach, The Japanese Economic Review, 60(3), 320-332. 

McCallum, John, 1995, National borders matter: Canada-U.S. regional trade patterns, 
American Economic Review, Vol.85, No.3, 615-623. 

Novy, Dennis, 2013, International trade without CES: Estimating translog gravity, 
Journal of International Economics, 89(2), 271-282. 

Rossi-Hansberg, Esteban, 2005, A spatial theory of trade, American Economic Review, 
95(5), 1464-1491. 

Szanyi, Miklós, Ichiro Iwasaki, Péter Csizmadia, Miklós Illéssy, and Csaba Makó, 2010, 
Emergence and development of industry clusters in Hungary: Searching for a 
‘critical mass’ of business via cluster mapping, IER Discussion Paper Series 
No. A539, Hitotsubashi University. 

Takahashi, Takaaki, 2003, International trade and inefficiency in the location of 
production, Journal of the Japanese and International Economies, 17, 134-152. 

Waugh, Michael E., 2010, International trade and income differences, American 
Economic Review, 100(5), 2093-2124. 

Yilmazkuday, Hakan, 2012, Understanding interstate trade patterns, Journal of 
International Economics, 86, 158-166. 



 38 

Figure 1. The geography of the two home regions and one foreign region model 

 
Note: Regions 1 and 2 represent the home country, and region F is a foreign country. 
International trade costs are represented by the length of the arrows between the two 
regions.  

 
 

Figure 2. Regional production in 2005:  
Industrial robot [JSIC2698] and medical equipment [JSIC3131] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Note: The value of production for each industry in the prefectures are represented by the 
relative height of the bar. The figures are calculated by authors using the Census of 
Manufacturing. 
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Table 1. Statistical Summary for Panel Dataset 

 
Note: The number of observations is 20,808. Exports, productions, and GDPs are in billions of Japanese yen. The service sector is 
excluded from exports and production. Populations are in millions. Regional wages are monthly wage payments in thousands of 
Japanese yen. Distance is measured in kilometers between the nearest port in the region and the importing country. 
  

Unit Mean Standard
Deviations

Minimum Maximum Skewness Kurtosis

by industry
Regional Exports (Billion JPY) 13 47 0.00 1,062 8.75 110.34

Japanese Exports (Billion JPY) 118 221 0.00 2,755 4.30 27.56

Regional Production (Billion JPY) 785 126 0.05 9,270 2.78 9.05

Japanese Production (Billion JPY) 6,669 6,195 380 20,591 0.66 -0.83

Importer's GDP (Billion JPY) 34,110 47,991 5,330 309,000 3.17 11.35

Importers Population (Million) 206 394 3 1,311 2.18 2.95

Regional GDP (Billion JPY) 55,386 52,684 2,864 190,992 1.32 0.77

Regional Population (Million) 14 12 1 42 1.08 0.25

Distance (Kilometers) 3,369.0 1,632.2 529.8 6,340.8 -0.06 -1.30

Regional Wage (Thousand JPY/month) 406.7 27.6 323.2 459.7 -0.54 0.16
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Table 2. Correlation Matrix for Panel Dataset 

 
Note: See the notes for Table 1. 
  

Reg Exp JPN Exp Reg Pro JPN Pro Im GDP Im Pop Reg GDP Reg Pop Dist Reg Wage

Regional Exports 1.00

Japanese Exports 0.53 1.00

Regional Production 0.48 0.21 1.00

Japanese Production 0.22 0.41 0.51 1.00

Importer's GDP 0.17 0.33 -0.01 -0.01 1.00

Importers Population 0.09 0.17 0.00 0.00 0.78 1.00

Regional GDP 0.35 0.00 0.56 0.00 0.01 0.00 1.00

Regional Population 0.35 0.00 0.56 0.00 0.00 0.00 0.99 1.00

Distance -0.08 -0.19 0.05 0.00 -0.46 -0.32 0.09 0.09 1.00

Regional Wage 0.20 0.08 0.18 -0.03 0.15 0.02 0.41 0.38 0.03 1.00
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Table 3. Statistical Summary by Japanese Regions 

 

Note: The number of observations for each region is 2,312. Figures are shown as means over sample years and industries. The service 
sector is excluded from production. Populations are averages over the sample years. Regional wages are monthly wage payments in 
thousands of Japanese yen for male employees in the financial sector. Distance is measured in kilometers between the nearest port in the 
region and the importing country. 

Annual Regional
Exports per

industry

Annual Regional
Production per

industry

Regional
Population

(Billion JPY) (Billion JPY) Mean Korea Indonesia (Millions)

Region1 Hokkaido 0.5 165.1 409.8 4,131.4 1,261.1 6,340.8 5.7

Region2 Tohoku 1.1 438.7 383.1 3,875.7 1,127.7 5,955.3 9.8

Region3 Kanto 51.3 2,220.2 433.9 3,727.6 1,149.0 5,705.5 40.1

Region4 Chubu 16.4 1,700.0 406.0 3,467.2 834.6 5,485.5 21.5

Region5 Kinki 32.3 1,339.9 426.5 3,356.6 780.0 5,382.8 22.6

Region6 Chugoku 7.5 474.2 391.5 3,064.2 537.1 5,127.1 7.7

Region7 Shikoku 1.1 197.8 416.1 3,180.7 659.6 5,214.9 4.2

Region8 Kyushu 7.7 511.4 394.8 2,900.8 529.8 4,883.9 13.4

Region9 Okinawa 0.2 15.3 398.9 2,616.8 1,261.7 4,245.2 1.3

Distance   (Kilometers)Regional Wage
(Thousand
JPY/month)
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Table 4. Industry specialization of production by region 

 
Note: The largest three industries (excluding service sector) for each region are shaded. 
  

Region1
Hokkaido

Region2
Tohoku

Region3
Kanto

Region4
Chubu

Region5
Kinki

Region6
Chugoku

Region7
Shikoku

Region8
Kyushu

Region9
Okinawa

JPN

Agriculture 7.8 6.9 1.3 2.4 1.1 2.2 5.0 5.8 5.0 2.6
Forestry 1.0 0.7 0.1 0.3 0.2 0.5 0.9 0.5 0.0 0.3
Fisheries 2.7 1.3 0.1 0.3 0.3 0.7 2.0 1.5 1.2 0.5
Mining 0.8 0.7 0.2 0.5 0.3 0.5 0.6 0.9 1.1 0.4
Foods 8.9 8.6 5.1 6.1 6.6 6.0 8.6 8.3 5.4 6.3
Textile 0.1 0.3 0.2 1.5 1.3 0.6 0.8 0.3 0.1 0.7
Pulp&Paper 2.7 1.4 0.8 1.6 1.2 1.0 5.0 0.6 0.2 1.2
Chemical 0.5 2.4 5.0 3.6 4.9 7.3 4.7 2.6 0.2 4.3
Petroleum 1.5 0.7 1.5 0.5 1.5 3.5 2.0 0.5 2.0 1.3
Stone clay 2.0 2.0 1.2 2.3 2.1 2.1 2.0 2.5 1.8 1.9
Primary metal 1.4 2.2 2.9 2.9 3.7 7.5 1.7 3.2 0.4 3.2
Fabricated metal 2.1 2.5 3.1 4.6 4.7 2.5 3.0 2.5 1.3 3.5
Machinery 1.1 3.1 4.7 7.1 7.3 5.2 4.7 3.0 0.2 5.3
Electrical equipment 1.8 12.6 8.4 9.2 8.7 5.9 5.4 7.0 0.1 8.3
Transportation equipment 1.0 2.0 4.3 13.7 3.9 8.3 1.9 3.5 0.0 5.9
Instruments 0.1 1.0 1.0 1.1 0.6 0.3 0.1 0.5 0.0 0.8
Other manufacturing 5.5 7.6 8.8 9.1 9.5 8.1 8.3 6.4 3.4 8.5
Service 59.1 43.9 51.3 33.4 42.2 37.6 43.1 50.4 77.5 44.9
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
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Table 5. Regional specialization of production by industry 

 

Note: The largest three regions are shaded. 
  

Region1
Hokkaido

Region2
Tohoku

Region3
Kanto

Region4
Chubu

Region5
Kinki

Region6
Chugoku

Region7
Shikoku

Region8
Kyushu

Region9
Okinawa

JPN

Agriculture 9.4 16.4 18.3 18.6 7.9 5.1 5.3 18.0 1.0 100.0
Forestry 11.7 16.0 7.8 18.3 10.9 10.0 9.1 16.1 0.1 100.0
Fisheries 16.0 15.4 5.8 10.7 10.6 8.0 10.2 22.0 1.2 100.0
Mining 6.4 10.1 16.9 22.7 12.4 8.2 4.3 17.5 1.4 100.0
Foods 4.4 8.3 28.9 19.1 18.8 5.6 3.7 10.6 0.5 100.0
Textile 0.3 2.7 10.1 42.8 32.8 4.9 2.9 3.4 0.0 100.0
Pulp&Paper 6.8 6.8 23.7 25.1 17.7 4.7 10.9 4.2 0.1 100.0
Chemical 0.4 3.4 41.2 16.7 20.6 10.0 3.0 4.8 0.0 100.0
Petroleum 3.7 3.5 40.8 7.2 20.6 16.2 4.2 3.0 0.8 100.0
Stone clay 3.4 6.6 23.9 24.7 20.2 6.8 3.0 11.0 0.5 100.0
Primary metal 1.4 4.2 31.8 18.0 21.1 14.0 1.5 8.1 0.1 100.0
Fabricated metal 1.9 4.3 31.4 26.0 24.0 4.2 2.3 5.7 0.2 100.0
Machinery 0.7 3.6 31.5 26.7 24.8 5.8 2.4 4.5 0.0 100.0
Electrical equipment 0.7 9.3 36.0 22.1 19.0 4.2 1.8 6.8 0.0 100.0
Transportation equipment 0.5 2.0 25.9 45.8 11.9 8.3 0.9 4.7 0.0 100.0
Instruments 0.3 7.9 43.7 26.4 14.1 2.6 0.4 4.8 0.0 100.0
Other manufacturing 2.0 5.4 36.6 21.2 20.1 5.6 2.7 6.0 0.2 100.0
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Table 6. Industry Specialization of exports by region 

 
Note: Shades are copied from Table 4 where shades are used for the largest three (in terms of production) industries in the region. Total 
exports do not necessarily add up to 100 percent because HS49 (books and newspapers) and HS97 (Arts) are not classified into any of 
the 17 industries.   

 
  

Region1
Hokkaido

Region2
Tohoku

Region3
Kanto

Region4
Chubu

Region5
Kinki

Region6
Chugoku

Region7
Shikoku

Region8
Kyushu

Region9
Okinawa

JPN

Agriculture 0.2 0.1 0.0 0.1 0.1 0.0 0.1 0.1 0.0 0.1
Forestry 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.0
Fisheries 8.7 2.9 0.1 0.1 0.1 0.5 0.8 0.3 0.2 0.2
Mining 0.0 0.5 1.1 0.1 0.5 0.0 0.0 0.4 0.0 0.7
Foods 2.6 0.5 0.5 0.4 0.7 0.2 0.1 0.5 0.7 0.5
Textile 0.1 0.5 0.6 2.3 8.9 2.3 4.4 0.8 0.0 3.3
Pulp&Paper 17.3 2.8 0.7 0.8 1.1 0.9 2.7 0.8 1.0 0.9
Chemical 14.4 4.0 7.6 4.8 7.2 18.8 28.4 11.4 87.5 8.3
Petroleum 0.5 2.2 4.3 3.1 4.9 3.9 8.6 2.4 0.1 4.1
Stone clay 1.6 1.3 1.4 2.7 1.6 1.4 2.6 1.8 0.5 1.7
Primary metal 20.6 12.8 4.3 4.3 5.2 27.3 1.7 11.4 1.2 6.6
Fabricated metal 3.8 4.0 4.4 5.5 4.8 4.1 8.3 4.6 0.2 4.7
Machinery 14.7 13.5 21.3 27.3 23.3 17.8 12.3 14.3 4.6 21.8
Electrical equipment 10.6 47.3 36.1 20.8 30.7 5.2 6.2 36.2 1.9 30.2
Transportation equipment 2.4 1.2 6.0 18.9 3.8 10.2 22.5 10.8 1.5 7.9
Instruments 0.2 5.5 9.2 6.2 4.2 4.9 0.5 2.6 0.0 6.5
Other manufacturing 2.3 0.9 2.2 2.6 2.9 2.4 0.8 1.8 0.2 2.4
Total 100.0 100.0 99.9 99.9 99.8 99.9 100.0 100.0 100.0 99.9
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Table 7. Regional specialization of exports by industry 

 
Note: Shades are copied from Table 5 where shades are used for the largest three (in terms of production) regions in the industry.  
  

Region1
Hokkaido

Region2
Tohoku

Region3
Kanto

Region4
Chubu

Region5
Kinki

Region6
Chugoku

Region7
Shikoku

Region8
Kyushu

Region9
Okinawa

JPN

Agriculture 1.3 1.7 25.7 19.0 33.9 5.1 2.2 11.0 0.1 100.0
Forestry 0.9 0.8 27.7 17.0 9.9 3.6 2.4 12.4 25.4 100.0
Fisheries 15.6 12.6 27.8 8.8 8.5 14.6 3.4 8.5 0.1 100.0
Mining 0.0 0.7 73.6 2.6 19.4 0.2 0.0 3.5 0.0 100.0
Foods 1.8 0.9 41.2 9.6 37.1 2.9 0.2 6.1 0.2 100.0
Textile 0.0 0.1 8.6 9.6 74.5 4.4 1.2 1.5 0.0 100.0
Pulp&Paper 6.9 2.7 33.9 11.4 30.8 6.3 2.7 5.2 0.1 100.0
Chemical 0.7 0.4 39.4 8.0 23.7 14.3 3.2 8.9 1.5 100.0
Peteroleum 0.0 0.5 45.0 10.4 32.3 6.0 1.9 3.9 0.0 100.0
Stone clay 0.4 0.7 35.5 22.5 27.0 5.3 1.4 7.1 0.0 100.0
Primary metal 1.2 1.8 28.5 9.1 21.4 26.4 0.2 11.3 0.0 100.0
Fabricated metal 0.3 0.8 40.9 16.2 28.2 5.6 1.6 6.3 0.0 100.0
Machinery 0.3 0.6 42.5 17.3 29.2 5.2 0.5 4.3 0.0 100.0
Electrical equipment 0.1 1.5 51.9 9.5 27.8 1.1 0.2 7.8 0.0 100.0
Transportation equipment 0.1 0.1 33.4 33.3 13.2 8.2 2.7 8.9 0.0 100.0
Instruments 0.0 0.8 61.1 13.1 17.5 4.8 0.1 2.6 0.0 100.0
Other manufacturing 0.4 0.3 39.4 15.1 33.3 6.3 0.3 4.9 0.0 100.0



 47 

Table 8. Regional export by importing countries, single equation estimation 

 

Note: All variables except dummy variables and GDPIM are the ratio of each region to the Kanto region. Figures in parentheses are 
standard errors. ***, **, and * represent statistical significance at one, five, and ten percent levels, respectively. 
  

Export Equation Korea China Hong Kong Thailand Singapore Malaysia Philippines Indonesia

ln Ratio_PRO 0.854*** 1.106*** 1.195*** 1.254*** 1.152*** 1.305*** 1.203*** 1.188***
(0.022) (0.021) (0.036) (0.043) (0.037) (0.034) (0.034) (0.043)

ln Ratio_DIST -2.593*** -3.134*** -2.579*** -4.835*** -6.606*** -5.051*** -2.528*** -4.770***
(0.124) (0.332) (0.242) (0.398) (0.436) (0.416) (0.230) (0.535)

ln Ratio_Wage -5.835*** -5.963*** -9.017*** -7.968*** -7.032*** -5.596*** -6.243*** -7.694***
(0.454) (0.538) (0.719) (0.715) (0.711) (0.654) (0.726) (0.777)

ln GDPIM 0.524*** 0.449*** 0.474 0.165 0.286 -0.092 -0.967*** 0.002
(0.125) (0.064) (0.204) (0.263) (0.146) (0.137) (0.206) (0.156)

D_industry yes yes yes yes yes yes yes yes

R2 0.69 0.66 0.61 0.61 0.59 0.64 0.60 0.58

DW 0.42 0.40 0.34 0.34 0.35 0.43 0.39 0.47

NOB 2046 2003 1952 1757 1810 1722 1656 1623

Log likelihood -3,684 -3,792 -4,044 -3,545 -3,639 -3,349 -3,298 -3,249
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Table 9. Regional export by importing countries, simultaneous equation estimation 

 
       Note: See the notes in Table 8. 

Korea China Hong Kong Thailand Singapore Malaysia Philippines Indonesia
Export Equation

ln Ratio_PRO 1.047*** 1.290*** 1.656*** 1.659*** 1.654*** 1.716*** 1.615*** 1.601***
(0.031) (0.030) (0.060) (0.064) (0.061) (0.057) (0.056) (0.073)

ln Ratio_DIST -2.339*** -2.814*** -4.148*** -6.376*** -8.985*** -6.328*** -3.847*** -5.565***
(0.137) (0.368) (0.351) (0.506) (0.613) (0.499) (0.304) (0.596)

ln Ratio_Wage -4.531*** -4.585*** -4.873*** -4.261*** -2.441*** -1.737** -2.188*** -3.820***
(0.502) (0.593) (0.904) (0.858) (0.882) (0.756) (0.886) (0.930)

ln GDPIM 0.575*** 0.491*** 0.671*** 0.324 0.374*** -0.050 -0.853*** 0.078
(0.128) (0.068) (0.219) (0.271) (0.157) (0.147) (0.219) (0.160)

D_industry yes yes yes yes yes yes yes yes

R2 0.69 0.66 0.59 0.60 0.58 0.64 0.59 0.57
DW 0.40 0.38 0.29 0.30 0.29 0.38 0.35 0.43

Production Equation
ln Ratio_DIST -0.748*** -1.237*** 0.455*** 0.521*** 1.002*** 0.468** 0.923*** 0.358

(0.077) (0.185) (0.128) (0.221) (0.239) (0.231) (0.128) (0.224)
ln GDPIM 0.155*** 0.100*** 0.198** 0.268*** 0.195*** 0.261*** 0.358*** 0.057

(0.066) (0.034) (0.092) (0.113) (0.066) (0.069) (0.096) (0.059)
ln Ratio_POP 1.518*** 1.681*** 1.644*** 1.614*** 1.552*** 1.651*** 1.622*** 1.362***

(0.027) (0.025) (0.038) (0.038) (0.037) (0.038) (0.043) (0.036)
ln Ratio_Wage 0.148 0.324 0.062 -0.360 -0.596* -0.611* -0.942*** -1.961***

(0.280) (0.285) (0.357) (0.368) (0.361) (0.349) (0.389) (0.330)
D_industry yes yes yes yes yes yes yes yes

R2 0.78 0.79 0.79 0.76 0.77 0.75 0.78 0.74
DW 0.03 0.03 0.03 0.03 0.03 0.03 0.04 0.05

NOB 2,046 2,003 1,952 1,757 1,810 1,722 1,656 1,623
Log likelihood -6,126 -6,197 -6,376 -5,616 -5,705 -5,348 -5,210 -4,995
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Table 10. By importing counties, simultaneous equations, and dynamic model 

 
    Note: See the notes in Table 8. 

Korea China Hong Kong Thailand Singapore Malaysia Philippines Indonesia
Export Equation

ln Ratio_E(t-1) 0.771*** 0.761*** 0.815*** 0.806*** 0.830*** 0.761*** 0.783*** 0.746***
(0.012) (0.010) (0.011) (0.011) (0.013) (0.014) (0.014) (0.014)

ln Ratio_PRO 0.197*** 0.268*** 0.257*** 0.219*** 0.161*** 0.309*** 0.312*** 0.287***
(0.018) (0.017) (0.021) (0.025) (0.026) (0.031) (0.027) (0.034)

ln Ratio_DIST -0.500*** -0.540*** -0.392*** -0.329 -0.913*** -1.140*** -0.504*** -0.989***
(0.085) (0.173) (0.118) (0.215) (0.248) (0.283) (0.146) (0.372)

ln Ratio_Wage -1.222*** -0.859*** -0.969** -1.286*** -1.391*** -0.739 -0.515 -1.736***
(0.348) (0.336) (0.416) (0.423) (0.431) (0.466) (0.443) (0.510)

ln GDPIM 0.093 0.017 -0.110 -0.162 -0.137 -0.111 -0.308** -0.138
(0.089) (0.039) (0.123) (0.162) (0.099) (0.101) (0.133) (0.099)

D_industry yes yes yes yes yes yes yes yes

R2 0.89 0.89 0.90 0.90 0.89 0.87 0.87 0.84
DW 2.29 1.90 1.87 2.03 2.06 2.15 2.12 1.99

Production Equation
ln Ratio_Pro(t-1) 0.986*** 0.979*** 0.980*** 0.985*** 0.981*** 0.982*** 0.983*** 0.985***

(0.003) (0.003) (0.003) (0.003) (0.004) (0.003) (0.004) (0.004)
ln Ratio_DIST -0.009 -0.026 0.011 0.012 0.015 -0.006 0.014 0.039

(0.011) (0.031) (0.020) (0.036) (0.040) (0.037) (0.022) (0.049)
ln GDPIM -0.031*** -0.010 -0.023 -0.069*** -0.031** -0.040*** -0.044** -0.026**

(0.012) (0.007) (0.022) (0.020) (0.014) (0.014) (0.020) (0.013)
ln Ratio_POP 0.014* 0.028*** 0.029*** 0.019** 0.023*** 0.020** 0.019** 0.020**

(0.008) (0.008) (0.008) (0.009) (0.009) (0.009) (0.010) (0.010)
ln Ratio_Wage -0.019 -0.014 0.029 -0.017 -0.015 -0.036 -0.040 0.004

(0.047) (0.052) (0.062) (0.066) (0.064) (0.062) (0.066) (0.074)
D_industry yes yes yes yes yes yes yes yes

R2 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99
DW 2.20 2.20 2.27 2.19 2.23 2.18 2.26 2.11

NOB 1,874 1,813 1,738 1,570 1,625 1,551 1,447 1,445
Log likelihood -1,139 -1,268 -1,275 -1,030 -1,138 -1,164 -1,019 -1,224
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Table 11. Panel data estimation 

 
Note: Export equation and production function are simultaneously estimated by full 
information maximum likelihood estimation. All variables except dummy variables and 
GDPIM are the ratio of each region to the Kanto region. Figures in parentheses are 
standard errors. ***, **, and * represent statistical significance at one, five, and ten 
percent levels, respectively. 

(i) (ii) (iii) (iv)
Export Equation

ln Ratio_E(t-1) 0.809*** 0.810*** 0.787***
(0.004) (0.004) (0.004)

ln Ratio_PRO 1.402*** 0.217*** 0.216*** 0.185***
(0.015) (0.007) (0.007) (0.013)

ln Ratio_DIST -2.906*** -0.369*** -0.370*** -0.190***
(0.084) (0.046) (0.046) (0.070)

ln Ratio_Wage -5.589*** -1.013*** -1.000*** 0.349
(0.274) (0.134) (0.142) (0.224)

ln GDPIM 0.347*** -0.061** 0.027 0.029
(0.093) (0.028) (0.050) (0.050)

D_industry yes yes yes yes

D_Region no no no yes

D_importer yes yes yes yes

D_time yes no yes yes

R2 0.58 0.88 0.88 0.88
DW 0.32 2.06 2.06 2.04

Production Equation
ln Ratio_Pro(t-1) 0.983*** 0.984*** 0.984***

(0.001) (0.001) (0.001)
ln Ratio_DIST -0.107*** -0.006 -0.001 -0.001

(0.033) (0.006) (0.006) (0.006)
ln GDPIM -0.004 -0.003*** 0.000 0.000

(0.008) (0.036) (0.001) (0.001)
ln Ratio_POP 1.648*** 0.024*** 0.022*** 0.021***

(0.010) (0.036) (0.003) (0.003)
ln Ratio_Wage -0.089 0.011 0.003 0.002

(0.119) (0.018) (0.020) (0.020)
D_industry yes yes yes yes

D_time yes no yes no

R2 0.76 0.99 0.99 0.99
DW 0.03 2.20 2.21 2.21

NOB 14,569 13,063 13,063 13,063
Log likelihood -46,868 -9,522 -9,384 -9,302
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Table 12. Non-linear effects of foreign growth on production 

 
     Note: See notes in Table 11. 

(v) (vi) (vii)
Export Equation

ln Ratio_E(t-1) 0.809*** 0.810*** 0.787***
(0.004) (0.004) (0.004)

ln Ratio_PRO 0.217*** 0.216*** 0.185***
(0.007) (0.007) (0.013)

ln Ratio_DIST -0.369*** -0.370*** -0.190***
(0.046) (0.046) (0.070)

ln Ratio_Wage -1.013*** -0.999*** 0.349
(0.134) (0.142) (0.224)

ln GDPIM -0.061** 0.027 0.029
(0.028) (0.050) (0.050)

D_industry yes yes yes

D_region no no yes

D_importer yes yes yes

D_time no yes yes

R2 0.88 0.88 0.88
DW 2.06 2.06 2.04

Production Equation
ln Ratio_Pro(t-1) 0.982*** 0.984*** 0.984***

(0.001) (0.001) (0.001)
ln Ratio_DIST 0.398** 0.379* 0.385**

(0.205) (0.204) (0.204)
ln GDPIM -0.005*** -0.002 -0.002

(0.050) (0.002) (0.002)
(ln Ratio_DIST) × -0.013** -0.012* -0.012*
  (ln GDPIM) (0.049) (0.007) (0.007)

ln Ratio_POP 0.024*** 0.021*** 0.021***
(0.003) (0.003) (0.003)

ln Ratio_Wage 0.006 -0.002 -0.003
(0.019) (0.020) (0.020)

D_industry yes yes yes

D_time no yes no

R2 0.99 0.99 0.99
DW 2.20 2.21 2.21

NOB 13,063 13,063 13,063
Log likelihood -9,521 -9,382 -9,301


