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Abstract: This paper addresses whether organizational proximity, as an alternative to geographical proximity, can explain externalities between firms. In order to explore this question, it develops a framework based on the definitions of the term network from the economic geography, and industrial economics disciplines. In particular, business literature talks about production networks as groups of firms which are engaged in a variety of activities besides buying and selling from each other, while economics focuses on a structure of linkages which generates externalities. This paper explores whether Japanese automobile network (in the business sense) exhibit network externalities (in the economic sense). Using regression analysis, we estimate the effects and magnitude of these externalities, and find a positive impact from the presence of firms from the same business network, but no effect from firms outside the network.

1.
Introduction


The case of Japanese automotive transplants is perhaps one of the most interesting location phenomena in the last decades. Ever since Japanese automobile assemblers established plants abroad, literally hundreds of part suppliers have followed them. The best-documented case of this massive migration is the USA, where 300 firms established within one decade of the first Japanese assembly plant (Kenney and Florida, 1993). Other regions, such as the ASEAN countries, China and Korea have also attracted hundreds of automotive plants; these countries currently have over 450 Japanese transplants, most of them established in the last five years. 

In order to understand this huge mobilization of resources in such short periods of time, it is necessary to understand the industrial structure existing in the home country. Very strong ties link buyers and sellers in the Japanese automobile industry, forming groups known as vertical Keiretsus. Within these groups, suppliers are responsible for developing and manufacturing important systems within the automobile. This structure has created great inter-dependence between the different levels of the production chain. In order to produce abroad, an assembler needs to attract key suppliers from Japan. Conversely, investment by the autopart supplier is greatly simplified by the presence of a major customer, which guarantees product demand and information on how to operate in the local market. 

The massive migration of transplants has received wide attention from the international business literature. Previous studies about the location of Japanese plants have concentrated on testing the effect of a variety of factors on location choice. The variables analysed include proximity to Japanese assembly plants, wage, rates, transportation access, and unionization rates. These studies have consistently found that proximity to other Japanese firms is one of the main variables affecting location choice. Head et al (1995, 1999), Banerji and Sambharya (1996), Smith and Florida (1992) find that Japanese tend to go where others Japanese firms are already established, and that location choices are affected by the presence of firms from the same Keiretsu. 

While the research cited above has found that the presence of other Japanese firms does affect location choice, a decision which takes place prior to the operation of the firm, no study has yet identified whether the presence of other Japanese transplants has any positive effect on a firm’s performance. The objective of the present paper is to empirically test whether the presence of other Japanese part firms has a significant effect on the productivity of other Japanese transplants.

The term network provides a convenient framework for rephrasing our research objective. A network is defined as a set of objects tied together by links in a connective structure (Casti, 1997). Given this broad definition, network models have a long tradition in a variety of disciplines,
 and specifically business and economics literatures use the term network to refer to totally different things. For business literature, networks of firms are groups of firms, which constantly interact with each other.  In the case of economic literature, network are defined as structures composed by complementary nodes and links (Economides, 1996). From the economists’ perspective the critical issue are network externalities, where an additional member increases the utility to other members in the network.
 The research question can then be rephrased as finding whether firm networks (in the business sense) exhibit network externalities (in the economic sense), that is, whether an additional member in the network creates an advantage for the existing members. 

The rest of the paper is divided into five sections. Section 2 explains the nature of production networks, and describes the characteristics of the Japanese automobile industry. The third section describes the process of internationalization of these networks and the ways in which transplants interact with each other. Section 4 presents the model to test for externalities, and the data to be analyzed. The fifth section describes the results from the empirical analysis. The final section provides conclusions and implications of the research. 

2. 
Production Networks 

One of the basic strategic decisions of every firm is its degree of vertical integration, that is, determining which processes to perform within the firm, and which to subcontract outside the firms’ boundaries. Following the transaction cost approach pioneered by Williamson (1975), economists address the question of vertical integration by classifying relationships between economic agents as either markets or hierarchies, depending on whether the process is externalized or internalized. Market interactions are coordinated through the price mechanism, while authority relations govern hierarchies. These two types of relationships represent extremes of either arms-length transaction or perfect coordination between agents. 

Reality, however, is more complex, and presents a variety of intermediate forms of organization between these extremes. Firms frequently establish relationships with other firms which have certain elements of a market transaction (such as the exchange of money), but which also include elements of long-term commitment similar to those existing in hierarchies. Business literature uses the term network to refer to these intermediate relationships which have elements of both hierarchies and markets (Thorelli, 1986). Networks can be used as a form of organization in different business functions such as marketing, financing or purchasing.

Within the different types of business networks, vertical production networks
 are those where the production process is subdivided into several stages, and each stage is performed by a different firm. Firms within well-developed production networks establish close relations with business partners both up-stream and down-stream the manufacturing chain and, in addition to the traditional supplier-buyer action of exchanging components for money, will pursue common projects such as joint ventures, technology projects and cooperative agreements. These projects are complemented by informal exchanges of information, which naturally evolve from repeated transaction between the same buyer and seller. 

A perfect example of vertical production networks is the Japanese Vertical Keiretsus,
 particularly in the automobile sector. These Keiretsus are based on a tiered system of suppliers, where top-tiered suppliers sell elaborate sub-assemblies to the automobile manufacturers.  

Within vertical Keiretsus, Japanese part supply contracts are made for the length of the model, usually three to five years, rather than one-time purchases based exclusively on price. Once a manufacturer had proved a reliable supplier, this would be considered when renovating the contract, so that once a firm sold to a company, it had good possibilities of staying as a supplier. This system differs with the traditional practice of U.S. assemblers where, until last decade, suppliers had to compete on price every year to win a contract. Dyer and Ouchi (1993) found that the probability of rewinning business at model change was 92% in Japan, compared to only 69% in the U.S.



The long-term scope of the relationship allow for the creation of relation-specific assets
 developed exclusively to serve one particular customer (Asanuma, 1989). These relation-specific assets, including site-specific, physical and human capital investment, have been found to be positively correlated with the performance of the firm. (Dyer, 1997)

Increasing trust between assembler and supplier, also permit joint efforts from the early stages of product development. Traditionally, U.S. assemblers designed most components and gave all the specification to part manufacturers who would have to offer quotations, what Asanuma (1985) calls “drawing supplied” parts. Under the Japanese system, a large percentage of the parts are contracted as “designed approved” meaning that the supplier is in charge of the design of the part, which requires only final authorization from the assembler. This decentralized development process allowed for faster model renewal, allowing the firms to introduce new models every three years, compared with the old U.S. standard of 5-6 years. 

Besides the static advantages of the network structure, one of the key characteristics of networks is the continuous improvement effort, which result from gathering suppliers. The buyer meets with suppliers of related parts, and works on improving a particular part or process design. These joint efforts result in the continuous improvement of the production process, and signify considerable cost reductions for the firms. Meetings are also an important way of learning from other satellite plants in the organization. (Sako, 1996)

The long-term relationships, relation-specific assets, joint development and continuous improvement are fairly well known elements of Japanese industry advantage. What is perhaps less well known, is that automobile manufacturers are not equally close to all of its suppliers. Depending on the type of part, the length of the relationship, and the technological capability of the supplier, the assembler will choose to establish a different degree of proximity with a specific supplier. There are at least three clearly distinguishable categories of proximity: core groups, supplier associations and other suppliers

Firms that have the closest relationship with the assemblers compose the Core Group. Core Group suppliers are partly owned (usually over 20%) by the assembly firm, and are referred within the industry as belonging to the assembler’s business group (e.g. Denso is part of the Toyota Group). The equity participation creates a very strong association between the assembler and the part supplier, generating continuous interactions such as: overlapping board members, joint R&D projects, and exchange of personnel. Typically, a large number of top managers in the Core Group companies had previous employment with the assembly firm.
 Core firms can not be understood as being inside the firm, for even firms within the core group sell only a percentage of its production (as small as 15%) to its core assembler, selling the rest to other automobile producers. There is no overlap between each assembler’s core groups.

A second degree of proximity is defined by each firm’s supplier associations (Kyorukukai). Each automobile assemblers has one or several associations of part suppliers with approximately 100 to 150 members. These associations hold monthly meetings where the assembler informs about key strategic actions such as model changes, expansion plans, inventory policies and quality improvement programs. With the exception of Honda supplier’s association, the turnover in associations is quite low, being around 1% for both Toyota and Nissan (Asanuma and Kikutani, 1992). This means that once a firm is part of the Kyorukukai the relationship is quite stable. Assembly firms sometimes have equity participation in firms within their associations, though they tend to be smaller than their share in Core firms (frequently below 2%). Unlike Core Groups, different supplier associations do have an overlap, and large suppliers which are not part of any core group, usually belong to three or four associations.

Finally, assembly firms buy a variety of components from suppliers not in their Kyorukukai. These other suppliers usually account for around 10% of total automotive components, and typically are small firms who sell “drawing supplied parts”. In these cases, relationships tend to be shorter term. Despite the larger distance, specially when compared with Core and Association firms, assemblers still engage in a variety of interactions such as productivity improvement and cost-reduction Kaizens programs with these firms. 

Figure 1 shows graphically how these different categories of suppliers could be placed in the traditional market-hierarchy concept. The graph shows that, just as market and hierarchy is more than just a simple dichotomy, being within a firm’s network can mean a variety of degrees of proximity to the firm.




This network has been extensively cited as a primary reason for the strategic advantage of Japanese automobile firms (MITI, 1987, Dyer and Ouchi, 1993). Shimokawa (1985) suggests that the largest cost difference between the U.S. and Japanese automobile manufacturers during the 1980s, were those resulting from a reduced number of suppliers. McMillan (1990) suggests that about a quarter of Japanese cost advantage come from its supplier structure. While the U.S. manufacturer would subcontract only 52% of the total cost in a vehicle, the Japanese would subcontract 75%. Despite this larger percentage of subcontracted value, the number of suppliers directly selling to the assembler would be much smaller. While the average U.S. assembler would deal with over 500 suppliers, the Japanese would have only 150 first tier suppliers. The purely technical aspects of the production system, such as JIT and total quality management, rely on particular organizational arrangements.

3. Internationalization of the Automobile Networks

The cost competitiveness and efficiency of Japanese automobile manufacturers gave them an advantage over other world manufacturers. This, together with a high export propensity in the country, led to a huge increase in exports during the 1970s and 1980s. This huge increase started creating trade friction between the two countries, which resulted in voluntary export restrains by 1982. 

In response to the trade friction and the sharp appreciation of the Yen in the 1970s and 1980s, Japanese assemblers started establishing plants abroad, with a major overseas expansion starting in the mid-eighties.
  In order to avoid these trade frictions, the firms decided to establish manufacturing subsidiaries in the U.S. 

Given the high dependency of the assembler on its suppliers for a large percentage of the manufacturing components present in Japan, as car manufacturers established assembly firms, part suppliers followed. Hundreds of firms have established abroad from all the major automobile assembly companies. In order to explain why these agglomerations take place, authors usually resort to two different types of explanation: the first is achieving just-in-time, and the second are informational benefits. Proximity to the buyer makes it much easier to operate in a Just-in-time fashion by making it possible to have more frequent deliveries, which would be harder to make from a distant location. Table 1 shows the size of Nissan and Toyota’s supplier networks in 12 countries.

INSERT Table 1

The fact that firms belonging to the Japanese network had already established abroad, facilitated the process of adaptation to the local environment, i.e. the new firm will profit from the knowledge that has accumulated within the network. As new suppliers arrive, they become part of a complex set of relations with their parent company and with the other plants already established abroad. It is natural that if the network organization results in important benefits in the domestic market, the firms will attempt to reproduce this structure and organization abroad. This accumulated local knowledge will make it easier for the next incoming firms.

Information flows within the new location do not happen accidentally. fact the spillovers between suppliers are not accidentally produced, but are in fact the product of organizational design. The following are some mechanisms by which the network effects might be created:

Kaizen meetings: Even though establishment time is perhaps where the advantages of belonging to a network are most clear, interactions continue after establishment. Firms within the network continue to meet frequently, to discuss quality problems, and try productivity improvement programs. In the U.S., as in most other countries, Japanese establish periodic meetings where firms will present their most significant quality improvement efforts (Kaizen) to all other firms in the regions. Firms will greatly benefit from this joint learning effort. Perhaps the clearest way in which firms try to enhance externalities In order to increase the firm innovations, Japanese automobile assemblers organise collective Kaizen meetings where each one of its suppliers presents the best Kaizen developed in a month. 

Supplier associations: One of the aspects of the Japanese system, which has been reproduced abroad, is the existence of supplier associations. Toyota, for example, established soon after its arrival to Kentucky the Bluegrass Automotive Manufacturing Association in order to enhance co-operation between the automobile suppliers (Florida and Kenney, 1993)

Joint projects: Suppliers in Japan engage in a number of joint formal and informal development programs to improve products and process for particular parts or systems of parts. The newcomer will greatly benefit from the knowledge already accumulated by the earlier entrants. 

Abundant informal contacts: The problem with information externalities between firms is that transactions are almost impossible to measure. This story of the early-entrant is completely different from that of a late-comer, which could get support from firms already established in that location. Empirical evidence would indicate this is clearly the case. After interviewing firms, they clearly pointed out to the fact that firms already established in the foreign country become useful sources of information.  A typical latecomer spends sometime everyday with managers from the previously established firms. These provide ideas on how to manage the local conditions, including labor incentives, desirable worker characteristics and dealing with the local government. It is clear that this take into account two stories from firms that decided to establish abroad. In a case study involving Japanese investment in a developing country, firms talk completely differently about their establishment time. The early comers talk about the difficulty of establishing abroad. For these firms, finding information about the local markets involved hiring local consultants, professional services, and personnel who could act as interpreters between higher managers and assembly workers. 

This process of learning was reflected in a huge turn-over rate: one of the firms which first established in the regions describes a turn-over rate in excess of  400% in the first year of operation; by the third year, turn-over had gone almost to zero, not having to hire any workers during 24 months of operation. 


In this way, Japanese firms recreate their system not only in terms of inventory management and other specific product management strategies, but also in terms of its organizational strategies for relating to suppliers.

4.
A Model with Networks Externalities

The evidence presented above suggests that Japanese firms established abroad would experience benefits from other Japanese firms located in the same country. This collaboration allows firms to adapt faster to their environment and be more productive. 

In order to test whether the presence of other firms does create positive externalities, we can measure the impact of the presence of other firms to each firm’s productivity. We would expect that if each firm were searching for better management solutions independently from other firms and firms exchange information, the size of the network would have a positive impact on each individual firm’s productivity. 

 A set of economic agents is said to present network externalities if the increase in the number of member in the network benefits all other member. Depending on the type of network this can be consumption or production externalities (Economides, 1996). In the usual formulation of network industries, the benefits accumulate to consumers in the form of increased utility in the presence of more consumers. That is, U(N) < U (N+1), where U(N) is the utility function of a representative member of a network of size N. For our producing firms, we can create a mirror case and assume that c(.), the unit cost of production is a function of the number of firms present in the network. A firm network will experience network externalities if:



c(N) > c (N+1)

These cost reductions would be the result of joint learning and improvement efforts described above. Lets assume that the cost reduction from each additional firm, or else from the cumulative experience from all the firms, has a constant elasticity parameter for each additional firm established, and assume a Cobb-Douglas production function:

Y= A KLE(N)eu
Where Y, K and L are respectively sales, capital and labor. The variable E refers to an externality measure, which results from the firm being part of the local production network, and u is a stochastic error term. We can assume that the externality comes naturally from the firms being together, in which case the externality is going to be a function of the number of firms present in the network, E(N)=N. The resulting formula would be: 

(1)
Y= A KLNeu
To avoid problems of zero output in the production function, each firm is part of its own network, so that when only one firm operates in a country, N=1. 

It seems intuitively clear that if  is larger than 0, this function presents positive network externalities when N increases. In order to formalize this intuition, we can derive the minimal cost function for producing any quantity Q. For a given point in time, we assume that N is fixed and independent of each individual firm already established in the country.  Given that N is a variable independent of the firms decisions, we can by finding the cost-minimizing K and L. Assuming that the network is small so as not to affect the prices of the regional economy, the factor prices pk and pl are given. In such a case, the resulting total cost function is:

(2)

As expected, the cost function is a decreasing function of N when  is larger than 0. In fact, if production exhibits constant returns to scale with respect to capital and labor  ( = 1), the change in cost will be proportional to N. Thus, testing for network externalities is reduced to testing whether  is positive and significantly different from 0.

Specifically, firms will have closer cooperation with other firms in the same core business group, in fact reproducing the patterns of interaction present in the home country. The variables are derived from country and firm specific characteristics. In the case of Group, Association, and other each countries will have two values, corresponding to the two groups that will be analyzed. By contrast, the Internationalization variable will be a firm dependent variable. In order to estimate the parameters of the equation, we take the log on both sides and obtain the linear equation:

(3)

log Y= logA + log K log L (i log Ei+ u

We want to test for the three levels of network externalities, coming from the aggregation levels presented in Section 3 (Core, Group, Others). 


We expect externalities between firms to be positive and significant between firms within the same Core Group, and to decrease with increasing organization al proximity. As mentioned in the previous section, the relationship in the home country will to a large extent determine the relationship abroad. In order to determine the size of the network in each one of the countries, we will consider the structure of the network in Japan as the benchmark case, and will use the three proximity categories defined in Section 2. The first is Coreij, the number of core group firms within Core Group i which operate at least one plant in country j. The second is Groupij, the number of members of assembler i’s supplier association which have a plant in country j. Finally Totalj is the total number of Japanese automotive firms operating a plant in country j, which will proxy the potential market suppliers for the firms. 

(4)

log Y= logA + log K log L 1 log(Coreij) + 2 log(Groupij-Coreij)+ 3 log(Totalj-Groupij) + u
In order to find the marginal effect of each one of these groups the final model would be:

5.
Empirical

There is no single source of information that provides data on all network variables required by Equation 4.  In order to define Core Groups, we use the information from the Keiretsu Ken.
 Group figures come from the Jidosha Buhin Kogyo (1998) which includes member lists for all the automotive supplier associations. Finally, Total data comes from the Automotive Yearbook (1998), which provides a complete list of Japanese automotive part producing plants for every country. Given that only Toyota and Nissan have a Keiretsu as defined in the Keiretsu Ken, we will use these two networks for the empirical analysis. Data was further limited to include those countries where both core groups have had manufacturing plants for the interested period. This resulted in 12 countries: Canada, China, Korea, Indonesia, Malaysia, Mexico, Philippines, Spain, Taiwan, Thailand, United Kingdom and United States.

The use of cross-sectional data to estimate a production function can create great problems given the idiosyncratic differences in managing firms, plus the differences in productivity which might be present in the different countries. In order to avoid this problem, we will use the first difference equation as a way of eliminating country and firm fixed effects. Given that the effect of the arrival of new firms is most likely not immediate, the study will be done within periods of three years, using data for 1992, 1995, and 1998.

Data on Capital, Labor and Sales were obtained from the Toyo Keisai Data Bank book of foreign affiliates of Japanese companies (1992, 1995, 1998 editions). For all of these countries, only manufacturing firms were included; research and development centers, financing, control subsidiaries are not counted as additional establishments. From a possible total of 742 manufacturing plants present in those countries, 114 reported data on sales, capital, and total number of workers for the three time periods. The results which include company dummy variables show that this year difference has no significant effect in the final result.

Table 2 shows the correlation matrix for the main variables in the model, and shows large correlation existing between the externality variables, already taken in the net form  (Log Group, Log Association, Log Others). This basically tells us that the proportion of Group, Association and Other firms within each country is similar. Even though it might seem desirable to test for the marginal impact of each type of associations, by including all the variables together in one specification, the high correlation between the variables would create a problem of multicollinearity.

INSERT Table 2

6.
Results of the Regression Analysis

Coefficients for the model specified in the log formula of the production function were estimated, using ordinary least squares regression procedure, with robust deviations in Stata. Table 3 presents the results from this regression. The first three columns are similar specification considering three different types of networks within a country, considering whether they are part of the group, the association and other Japanese firms. The fourth column presents the relationship between degree of internationalization and the firm’s productivity.  The last three columns combine each of the definition of regional networks with the internalization variable. The goodness of fit and over-all significance of the model is quite high. In all the cases, the model explains between 0.511 and 0.551 of the total variation. The similarity of results is not surprising, given the high correlation between the Group, Association and Other variables.


Moreover, the sum of the coefficients for Log K and Log L are close to one, supporting this particular specification. All of the specifications show statistical significance with the exception of Group Japanese firms. The results would indicate that firms located within one country experience very specific production benefits. The coefficients for Association firms are slightly higher than those for Group firms. However, none of these differences is statistically significant. By contrast, the presence of other Japanese firms with which the firm has no close relationship in the home country, seems to represent no additional benefit for the firm. 

The last column presents a model exclusively considering internalization externalities, and shows a similar coefficient to those that appear when considering the presence of other firms. Similarly, the degree of internationalization of the firm, again seems to provide a slightly higher coefficient than the presence of the group or association firms.

INSERT Table 3

In order to check whether this variation was largely due to country and/or firm specific variables, a model was run which included dummies. Table 4 presents the results for this regression. Regressions were run for Log Group, Log Association and Log Others. All of the three models present very similar results, so only the ones for Log Group are presented in the table. The most important observation from these results is that the coefficients, both for the production and externality factors are not significantly different from the case without the dummy variables. This would suggest that the coefficients are robust to different specifications.

INSERT Table 4

As we can observe the regression results presented in Table 3 are quite robust, both for the traditional production factors, and the externality factors. For the case of the country dummies, the group coefficient increases slightly in comparison with the base case, but none of the parameters estimated show a statistically significant difference from the base case. We can notice, that none of the country dummies is significant, with the exception of a negative coefficient for China, and a positive coefficient for Korea. These dummy variables seem to confirm that the difference in Group size is important regardless of other possible differences between the countries. Regarding the negative coefficient in the case of China it might be that the network has not yet accumulated sufficient experience, and that the interactions are not yet being effective because of the lack of experience from all the firms. 

Also to control for differences in the firms strategies and technologies. The results show that only two of the firm dummies show a significant coefficient, while in all other cases, the coefficients were not significant. For the case of Log Intl, which would be a linear combination of the total set of 17 firm variables, the coefficient is similar to all other specifications. However, the standard error increases, and the variable looses its significance. This would suggest that the firms with more observations are tightly clustered around the regression line, while firms with less plants are more dispersed. The residuals were evenly distributed, and the error term presents a normal distribution.  

7.
Conclusions

The term network can mean a variety of things for different disciplines, and even economics and business have different definitions of what constitutes a network. Japanese automobile manufacturers have internationalized not only by establishing manufacturing plants, but also by transplanting many of its suppliers abroad to replicate elements of their production system at home. This research presents evidence that Japanese international firm networks, indeed are networks not only in the business sense of a relatively close set of firms, but also in the economics sense, in that the presence of one additional firms has a positive impact in the performance of the other firms. Japanese networks are reproduced abroad, not only for locational advantages (JIT), but also to engage in joint learning activities. 


To say that Japanese firms benefit from the presence of other Japanese firms seems to be a very broad statement. The empirical evidence suggests that it is firms that also have close relationships in Japan, and not the presence of all firms, what really creates a benefit for the incoming firm. Firms abroad have developed management mechanisms and close contact amongst them. In this way, they behave not as a set of independent firms, but as a production network.


The network perspective provides a complementary approach to agglomeration benefits. While agglomeration benefits develop from the geographic proximity between agents, network externalities as described above would arise from the strength of the relationships and the intentional design of a variety of institutions and organizations. 
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Table 1. Main Manufacturing and Assembly Plantsa
	
	Automobile Assembly Plantsb
	Core Group Suppliersc
	Supplier Associationd
	Other Japanese 

	
	Nissan
	Toyota
	Nissan
	Toyota
	Nissan 
	Toyota
	Both
	Firmse

	Canada
	0
	1
	0
	2
	1
	4
	4
	3

	Mexico
	1
	0
	6
	3
	7
	4
	5
	5

	U.S.
	1
	3
	29
	27
	32
	25
	32
	46

	China
	0
	0f
	10
	13
	12
	13
	13
	20

	Indonesia
	0
	1
	7
	6
	9
	14
	17
	14

	Korea
	0
	0
	6
	3
	7
	5
	12
	11

	Malaysia
	0
	0
	7
	4
	8
	4
	7
	13

	Philippines
	1
	1
	1
	5
	4
	5
	3
	10

	Taiwan
	0
	1
	5
	16
	14
	11
	20
	15

	Thailand
	1
	1
	13
	10
	13
	17
	22
	27

	Spain
	1
	0
	2
	3
	3
	3
	3
	1

	U.K.
	1
	1
	10
	6
	9
	3
	10
	6


Data sources: Toyo Keizai Databank and Automotive Yearbook, 1998. Notes: a=includes only establishments which main activity is production or assembly and with more than 500 employees, b= includes manufacturing and assembly establishment only, c=core firms are as defined in Toyo Keizai Kigyo Keiretsu Soran, d= each list includes members belonging to both associations, e= other Japanese firms include this which are in neither of the two supplier associations, f= Toyota recently established a motor plant in China. 

Table 2.  Correlation Matrix of Regression Variables

	          
	logQ   
	 logK   
	 logL   
	 logG  
	  logA  
	logoth 
	logintl 

	    logQ  
	1.0000 
	
	
	
	
	 
	

	    logK  
	0.5102
	 1.0000
	
	
	
	
	

	    logL  
	0.6527 
	 0.3880 
	 1.0000
	
	
	
	

	    logG  
	0.3248  
	0.3192  
	0.1726 
	 1.0000 
	
	
	

	    logA  
	0.3153  
	0.2522  
	0.1697  
	0.8495 
	 1.0000
	
	

	  logoth 
	 0.1308 
	 0.1139 
	 0.0272 
	 0.7013 
	 0.7941
	  1.0000
	

	 logintl
	 0.1572 
	-0.0477 
	 0.0683 
	-0.1690 
	-0.1072 
	-0.1400 
	 1.0000


Table 3.   Regression Results for Production Function 

	
	
	
	
	
	
	
	

	Variable
	
	
	
	OLS Results
	
	
	

	Intercept
	7.959a
	7.606 a
	7.841 a
	7.287 a
	6.995 a
	6.675 a
	6.929 a

	
	(0.987)
	(1.003)
	(1.017)
	(1.060)


	(1.039)
	(1.059)
	(1.079)

	Log K
	0.239 a
	0.248 a
	0.271 a
	0.291 a
	0.244 a
	0.257 a
	0.281 a

	
	(0.070)
	(0.068)
	(0.068)
	(0.067)


	(0.068)
	(0.067)
	0.067)

	Log L
	0.844 a
	0.836 a
	0.860 a
	0.835 a
	0.814 a
	0.809 a
	0.836 a

	
	(0.116)
	(0.116)
	(0.118)
	(0.117)


	(0.114)
	(0.114)
	0.116)

	Log Group
	0.335 b
	-
	-
	-
	0.400 b
	-
	-

	
	(0.156)
	
	
	
	(0.154)


	
	

	Log Associations
	-
	0.382 b
	-
	-
	-
	0.422 b
	-

	
	
	(0.165)


	
	
	
	(0.163)


	

	Log Others
	-
	-
	0.128 
	-
	-
	-
	0.159

	
	
	
	(0.105)


	
	
	
	(0.104)

	Log International
	-
	-
	-
	0.398 b
	0.483 b
	0.451 b
	0.438 b

	
	
	
	
	(0.196)


	(0.194)
	(0.192)
	(0.196)

	F
	39.319
	39.795
	37.198
	38.978
	32.482
	32.493
	30.181

	R2
	0.524
	0.527
	0.511
	0.522
	0.551
	0.551
	0.532


Standard Errors in parenthesis. a= significant to the 1% level, b=significant to the 5% level, c= significant to the 10% level

Table 4. Regression results for Production Function, 

   Including Country and Firm Dummies

	Country Dummies
	
	Firm Dummies

	Variable
	OLS Results
	
	Variable
	OLS Results

	Intercept
	8.856a
	8.259 a
	
	Intercept
	7.201 a
	6.561 a

	
	(1.164)


	(1.178)
	
	
	(1.036)
	(1.271)

	Log K
	0.176 b
	0.174 b
	
	Log K
	0.281 a
	0.295 a

	
	(0.072)


	(0.071)
	
	
	(0.076)
	(0.078)

	Log L
	0.794 a
	0.768 a
	
	Log L
	0.809 a
	0.788 a

	
	(0.112)


	(0.111)
	
	
	(0.128)
	(0.130)

	Log Group
	0.506 a
	0.538 a
	
	Log Group
	0.352 b
	0.356 b

	
	(0.173)


	(0.171)
	
	
	(0.162)
	(0.162)

	Log Intl
	-
	0.404 b
	
	Log Intl
	-
	0.400

	
	
	(0.191)


	
	
	
	(0.459)

	China
	-1.458 a
	-1.416 a
	
	Firm 1 
	0.474
	0.206

	
	(0.497)
	(0.489)


	
	
	(0.503)
	(0.590)

	Korea
	1.399 b
	1.235 b
	
	Firm 2
	-0.194
	-0.462

	
	(0.567)
	(0.563)


	
	
	(0.514)
	(0.600)

	Malaysia
	-0.018
	-0.185
	
	Firm 3
	1.057 b
	0.725

	
	(0.452)
	(0.451)


	
	
	(0.458)
	(0.596)

	Mexico
	-0.158
	-0.084
	
	Firm 4
	-0.172
	-0.474

	
	(0.556)
	(0.548)


	
	
	(0.520)
	(0.625)

	Taiwan
	-0.269
	-0.288
	
	Firm 5
	0.308
	-0.011

	
	(0.309)
	(0.304)


	
	
	(0.471)
	(0.597)

	Thailand
	-0.670
	-0.775
	
	Firm 6
	0.384
	0.031

	
	(0.443)
	(0.438)


	
	
	(0.485)
	(0.633)

	UK
	0.365
	0.271
	
	Firm 7
	0.280
	0.171

	
	(0.418)
	(0.414)


	
	
	(0.568)
	(0.582)

	
	-
	-
	
	Firm 8
	0.902 b
	0.320

	
	
	
	
	
	(0.367)
	(0.762)

	
	-
	-
	
	Firm 9
	-0.043
	-0.507

	
	
	
	
	
	(0.475)
	(0.714)

	F
	15.386
	14.884
	
	F
	11.236
	10.405

	R2
	0.606
	0.623
	
	R2
	0.579
	0.582


Core
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Other





Market





Hierarchy








� These include mathematics, sociology, anthropology, business, economics, project management, transportation science,  physics and computer sciences. Each one of these disciplines defines links according to its own subject, and uses the term network to refer to completely different structure.


� The classical example of economic networks are telecommunication networks and industries with compatible components such as hardware and software.


� Recent literature has distinguished between two types of production networks: horizontal and vertical. Horizontal production networks refers to a group of firms involved in similar stages of a production chain and which constantly reconfigure their buyer-seller relationships between them. This relationship has been typified in the flexible specialization paradigm presented by Piore and Sable (1983). On the other hand, in vertical production networks, one large firm outsources important operations of its manufacturing production process to other firms. While horizontal networks are most often associated with the Italian industrial districts,


� Vertical Keiretsu are used to distinguish from Horizontal Keiretsus which refer to diversified business groups centered on a bank


� Even though the differences between the U.S and Japan were very clear ten years ago, the U.S. have developed closer relationships with less suppliers, so that the Japanese system has increasingly become the standard for managing suppliers in the automotive industry around the world.


� Relationship specific assets are particularly important in the auto industry. While a large number of the parts in the electronics industry are the result of the assembly of standard electronic components, most automobile parts are specific for one model of car. This creates the need to customize products to a large extent, and continuously improve models.


� This would appear to be an apparent contradiction with the traditional life-long employment practices in Japan. However this is not a contradiction if one considers firms within the group as an extension of the assembly firm. 


� The earliest automobile manufacturing plants were set-up in the 1960s by Nissan. These plants countries with import-substitution programs, decided to establish manufacturing facilities in Mexico and Thailand. However, this were only isolated events


� A publication giving detailed information on both Horizontal and Vertical Keiretsus





