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ABSTRACT
This research aims to analyze the geographical distribution of research and development (R&D) collaboration of the US and Japanese multinational enterprises (MNEs) in China by using patent data. Specially, we discuss the linkage of patent data and multinationals’ location choices of investments with R&D activities, further to analyze how multinationals make decisions on location choices of R&D activities in China by using conditional logit estimation. In the model, location choice represents a dependent variable whereas locatoin-specific traits and firm-level characters are disignated as independent variables to measure the extent of impact on location choices. The comparison of location choices of Japanese and the US multinationals prensents another essential of firm-level characters.
Using conditional logit model, we have three main findings in this research. Firstly, the tendencies show that smaller multinationals are more sensitive to location-specific factors in making location choices than larger multinationals, and capital-intensive multinationals are more sensitive to location-specific factors than non-capital-intensive multinationals. Secondly, both Japanese and the US multinationals are significantly in proximity to locations with more R&D resources and higher quality of R&D resources regardless of higher researcher wage, but are away from locations with frequent technological activities where cost of knowledge outward spillovers may be even higher. Thirdly, Japanese multinationals approach more closely to the availability of R&D resources than US multinationals, whereas US multinationals approach closely to the better quality of R&D resources than Japanese multinationals.
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1. INTRODUCTION

China implemented economic reforms and open-door policy in 1978, afterwards China had enjoyed stable economic growth continuously. In the 1990s, after Chinese government adopted a policy of socialist market economy, China has become one of the biggest inward FDI (Foreign Direct Investment) recipients in the world. China’s inward FDI has grown 49.6%, the number of researchers has grown 20%, and the number of registered patents has increased 15 times, compared with the numbers in 2006 and 1996
. Meanwhile, Japan and the United States are the top two economies in the world with most of the multinational enterprises (MNEs) in the globe. Multinationals from both Japan and the United States have invested in China from labor-oriented manufacturing industries, shifting to capital- and knowledge-oriented innovative industries recently (Kumar, 2001).
This research selects 183 Japanese and US multinationals in total from patent data, which have investments in R&D activities or research collaborations in China, further to analyze their location strategies of selecting destination of R&D collaborating activities. Conditional logit model is adopted to analyze multinationals’ location choices in China. The potential factors which may influence location choices are designated as location-specific variables and firm-level variables and are measured the extent of impact on multinationals’ decision-making of locations strategies.
This research aims to identify the extent of impact by the potential location factors which may influence multinationals’ decision-makings. It also figures out firm behaviors on location choices in terms of firm size and capital intensity. Further, the differences of multinationals’ strategies on location choices are analyzed and exploited in comparison of the sample of Japanese and the US multinationals.
2. LINKAGE OF PATENT DATA AND LOCATION CHOICES OF R&D ACTIVITIES
2.1 Knowledge Spillovers And Location Choices of R&D Activities
What would be the determinants for multinationals to select locations for foreign direct investments? As for investments with R&D activities, will the determinants be different? Ekholm and Hakkala, 2007, develop a two-country general-equilibrium model and suggest that firms make separate choices about the location of R&D and production. Some researches also identify that knowledge spillover plays a key factor for location choice of R&D activities. We discuss as follows.

 Jaffe (1986) finds that a significant fraction of the total flow of knowledge spillovers which affect a firm’s productivity originates from other firms. And firms benefit from R&D efforts of other firms that are in close technological proximity. Feldman’s (2000) knowledge production model implies that innovative activities should cluster in the regions where knowledge-generating inputs are the greatest and thus where knowledge spillovers are the most prevalent. 
Chung & Aleacer (2002) suggest that foreign firms in the pharmaceutical industry value the R&D intensity of a state the most, as a level twice that of firms in the semiconductor industry, and four times that of electronics firms. Further, not only firms from technically lagging nations, but also some firms from technically leading nations are attracted to the state with the intensive R&D. Alcacer and Chung (2007) also find that firms favor locations with academic innovative activity, and consider not only gains from inward knowledge spillovers but also the possible cost of outward spillovers. Further, while less technologically advanced firms favor locations with high levels of industrial innovative activities, technologically advanced firms choose only locations with high levels of academic activities, but avoid locations with industrial activities to distance themselves from competitors. 

Sorenson et al. (2006) illustrate that researchers frequently cite knowledge spillovers as a prominent reason that firms within an industry cluster together (Krugman, 1991) and congregate near universities (Alcacer and Chung, 2007; Zucker et al., 1997). They also find that dense social networks, which tend to localize geographically, give firms and individuals close to the source of knowledge an important advantage in reproducing and building upon the knowledge. Park and Lee (2006) suggest that technological catching-up countries tend to achieve high levels in the technological sectors with shorter cycle time, easier access to knowledge, and higher appropriability
, whereas the advanced countries show that exactly opposite performance. There are negative effects in this topic too. Singh (2008) argues that distributed R&D is negatively associated with average value of innovations, and argues that potential gains from access to diverse ideas and expertise from different locations are averagely offset by difficulty of achieving knowledge integration across multiple locations. However, knowledge spillovers occur from technologically advanced countries to developing countries, and also flows closely to the R&D resources are assured and the fact that firms execute FDI with consideration of location choices is unable to be denied. A good example, Shimizutani and Todo (2008) illustrate the factors which affect Japanese Multinationals on location choices, such as overseas subsidiary’s size and years of operation, the market size of the host country, geographical proximity, and the wage level of local engineers.
2.2 Patent Data Used As Identifier
While technology transfer and knowledge spillover were considered difficult to be quantitatively measured, patent data are now commonly used for measurement. Jaffe et al. (1993) use patent citations to study knowledge flows. Based on differences between geographic matching rates, they show that inventors are more likely to cite others, who are geographically closer, and prove the relationship between physical proximity and knowledge spillovers. They also find that only little evidence of differences in localization between the citations of university and corporate patents. The largest difference is that corporate patents are more often self-cited, and self-citeds are more often localized. Regarding location strategies of multinationals, Chung and Alcacer (2002) illustrate the relationship of knowledge seeking and location choices of FDI by using patent data. Alcacer and Chung (2007) use patent data to illustrate firms’ preferences on location strategies. Singh (2007) further explains the existence of asymmetry knowledge spillovers between multinationals and host country firms by patent data. The above precious researches show that no matter how knowledge flows, patents have been studied that knowledge spillovers are embedded with patents. Thus, we believe that patent data are significant as evidence for location choices of R&D investments which incorporate patenting activities.
3 DETERMINANTS OF LOCATION CHOICES FOR MULTINATIONALS

3.1 Location-Specific Factors on Location Choices
What would be the determinants for location choices of multinationals’ investment in R&D activiites? Previous researches idicate location-specific factors, such as policies, labor cost, market size etc., would effect multinationals’ location choices. We classify the potential factors and discuss as the following summary.
(1) Institutional policy
Institutional policy plays an important role in attracting foreign direct investments, especially in the transition economies. Researches show that factors of institutional environment and policy are kind of influences on location choices for multinational investments (Ma & Delios, 2007; Henisz, 2000; Billiongton, 1999). Further, Hoskisson et al. (2000) suggest that emerging economies use economic liberalization to attract foreign investments as their primary engine of growth. Meyer and Nguyen (2005), also show the similar case in Vietnam. In the 1990s, 53 technology parks were opened with provision of province-level incentives, e.g. tax holidays, in the coastal side of China, such as parks in Beijing (ZhongGuanCun), Shanghai and Guangdong areas (Hu, 2007). These parks attracted most of inward FDI in R&D and manufacturing industries. 
(2) Market size
When multinationals invest in foreign countries, the market size of the host country or region is one of the important factors that multinational won’t ignore (Basile et al., 2008; Kang & Lee, 2007; Shimizutani & Todo, 2008 ). Kang & Lee (2007) suggest that market size and government policies approximated by economic zones, quality of labor, and transport infrastructure palys a positive role in deciding location. Basile et al. (2008) in their research about multinationals’ investments in EU find that European multinationals are attracted towards large sub-region markets in EU. 
(3) Labor cost
When multinationals invest toward transitional economies, cheaper labor cost is the critical factor which affect location choices. Basile et al. (2008), Dunning (1998), Flores & Aguilera (2007), Kang & Lee (2007), and Shimizutani & Todo (2008) etc. suggest the influence of labor cost or labor wage on location choices of multinationals’ FDI.
(4) Input resources
Availability of researchers shall be the resources input for investment in R&D activities. Garcia-Quevedo & Mas-Verdu (2008) suggest that the availability to firms of knowledge intensive services in their surroundings positively affects their ability to innovate and contribute to the regional development. Spatial proximity between the user and the supplier of the knowledge intensive services also seems to be a relevant factor. In session 2, we have discussed multinationals approaches sources of knowledge spillovers which is with relatively abundant researchers as input resources.
(5) Network support

Activities, such as collaboration and alliance are the form of network support. When multinationals make proximity to form collaboration or alliance from network, clustering would be the phenomonen of networking activities. Examples as Head et al. (1995) and Buckley et al. (2007) illustrate clustering or agglomeration plays another role as influence on multinationals’ location choices from their empirical examinations.
3.2 Firm-level Factors on Location Choices
Location traits are the important external factors which affect multinationals on location choices. However, multinational strategic behaviors may also be influenced by its internal firm characters, such as firm size and firm nationality. We denote them as firm-level factors on location choices. 
Small buisness or small and medium-sized business are studied recently in comparison with large business, further extended to their business strategies on location choices. Compared with large firms, small-sized firms are more flexible in responding to the challenges of external chages. Pinho and Carlos (2007) suggest that small and medium enterprises are rather flexible in nature and tend to perform activities with low-cost structures, thereby minimising the relevance of the perceived risk associated with the host country. Serrasqueiro & Nunes (2008) illustrate that small and medium-sized portuguese companies are relatively successful in coping with possible scenarios of aggressive competition. Based on the nature of flexibilty, it may be inffered that small business may be more efficient operationally, benefited from the flexibility of the firm nature. For example, Diaz & Sanchex (2008) suggest that small and medium-sized firms tend to be less inefficient than the large frims are.
However, Serrasqueiro & Nunes (2008) assert that larger firms may benefit from scale effect,  diversification and greater ability to cope with market changes. Thus obtaining external support, such as cooperation and alliance, becomes essential for small-sized business. Street & Cameron (2007) advised small business to develop relationships with external organizations that have potential to assist business development, survival, and growth, such as organizational partnerships, networks, and alliances. Simonen & McCann (2008) also suggest that small firms are generally more innovative than large firms; R&D cooperation is an essential feature of innocation.
4. METHODOLOGY AND DATA
4.1 Method

Regarding the methodology of this research, we use conditional logit model (CLM) (McFadden, 1974) to analyze location choices of investment with R&D activities made by Japanese and the US multinationals. CLM is commonly used for location choices in manufacturing industries, such as by Chung & Alcacer (2007). We model processes of multinational’s location choice, in which Japanese and the US multinationals choose a location from the designated 31 regions (province level) in China for analysis of R&D collaboration.
Alcacer & Chung (2002 and 2007) quantify knowledge spillovers by checking FDI flows made to start-ups in various industries (identified from Standard Industrial Code), and mapping them to economic areas (EA) in the United States. The technological activity of each EA is measured by the number of registered patents in the specific EA. In adoption of this concept, our survey collected patent data from the website of the United States Patent and Trademark Office (USPTO) in the conditions that selected patents are registered with at least one Chinese inventor with assignee country to Japan and the US, respectively, to track Japanese and the US firms which make investments in R&D activities or research collaboration from Japan/USA to China. 
In the conditional logit model
, the probability that Japanese/US multinational i chooses location j in China to perform research collaborations can be expressed by
P(Yij = 1) = P(Vij > Vik for all k
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Vij represent the value of firm i choosing location j. X is the independent variable of location characteristics. Yij is the dependent variable equal to one if firm i chooses location j, and zero otherwise. The number of m represents the 31 regions in China in our research. Since the conditional logit model focuses on locations’ traits instead of firms’ traits (Alcacer et al., 2007) as mentioned in the sample right above the equations, we create 12 models with 21 groupings in selecting sample data in terms of firm-level factors, such as number of employees, capital of firm and capital per employee, to execute conditional logit regression in order to obtain results of influence on location choices from firm-level factors. The classifications of 12 models can be seen from the analytical results in Table 7 to 10.
4.2 Data
For location choices analysis by using CLM, we draw data from three main sources and classify collected data into three categories. The first category is the main group of patent data that identify Japanese and the US multinationals which have R&D collaboration between the host country and the home country, namely, between Japan/USA and China. The elements of data in this category include patent number, issuance date (year), inventor country, inventor province or city, assignee country, assignee name (firm name). The second category contains firm-level data of targeted multinationals, including capital of firm, number of employees and the dummy data, capital per employee. The third category is the location-specific data by region (province level), covering number of patents issued by State of Intellectual Property Office(SIPO) of the PRC, number of firms with FDI, number of researches, average annual wage of researchers and total volume of transactions in technological markets.
In the first category of dataset, the target patent data were retrieved from USPTO. We downloaded patent dataset from the website
. The data in this category were selected in the conditions that “inventor country” equals “China”, and “assignee country” equals “Japan/USA”. The target period of patents data is from 1975 to 2007. There are 638 patents downloaded (unrecognized data are excluded). We further retrieved the first patent
 of a company from these collected data. Eventually, the effective target data cover 183 Japanese and US multinationals in total after the refinement of the dataset
. 
In the second category of firm-level data, we took firm profiles from publication information in the stock markets
 for firms which are listed in the Japanese or US stock markets. The number of employees and capital of firm were drawn from the database to identify the scale of firms divided into large firms and small firms. For unlisted firms, number of employees and capital of firm are obtained from the corresponding company website. We then calculate capital per employee of firms to identify whether the firm is capital-intensive or not.
As for the third category concerning location-specific (province-level) data, we took the data in the period of 1987-2006 from China Statistical Yearbook
 1988-2007, which were published by National Bureau of Statistics of China (NBSC). The location-specific data are grouped into 31 subsets, in accordance with 27 provinces, 4 metropolitans (Beijing, Chongqing, Shanghai and Tianjin). Taiwan and two special administration areas (Hong Kong and Macau) are not in the scope for this research. According to the discussion in Session 3.1, the five location-specific factors are taken from number of patents issued by SIPO, number of firms with FDI, number of researchers, average annual wage of researchers and total volume of transactions in technological market, respectively.
Then, we brought the collected dataset to CLM for analyzing multinationals’ location choices. The CLM includes one dependent variable and 5 independent variables. The summary of variables is listed in Table 1. For the dependent variable, we assume that the location of Chinese inventor’s address is the location destination of research collaboration made by multinationals in China, i.e. the location of a Chinese inventor is designated as the dependent variable (choice), which indicates that a multinational selects this location as its overseas collaboration destination in China. This dependent variable is a binary variable. The selected region is denoted as “1”, and the other 30 regions are denoted as “0”. In this model, we designated 5 independent variables based on the discussion in session 3.1, which may mostly affect multinationals’ location choices in China, as follows:

1) Institutional policy (p_fdifirm): The factor is counted by the number of firms with FDI for overall governmental incentives and support. It shows the number of multinationals’ subsidies or affiliates in China. As government provided incentives may largely have impact on the location choices, we assume the geographical distribution of the data as the clustering result of Multinationals’ subsidiaries or affiliates in China, so this data stands for the influence of governmental incentives on foreign Multinationals’ location choices. 

2) Market size (p_techmarket): The factor is counted by the volume of transactions in technological market locally. It presents the intensity of business activities of location as a market size.

3) Labor cost of R&D activities (p_wage): The factor is counted by the average annual wage of researchers in each location. It stands for the input cost of R&D activities.
4) Input resources of R&D activities (p_researchers): The factor is drawn from number of researchers in each location to present the input resources for R&D activities, so it is assumed to be the intensity of research resources in the corresponding location.
5) Network support (p_patent): The factor is counted by SIPO patents, which is the number of patents registered in SIPO locally. As firms with R&D activities may pursue network support concerning technological activities, patent stock is used to present the intensity of technological activities of a location, further to represent network support.
5 ANALYTICAL RESULTS
5.1 Descriptive Analytical Results

China’s economy has been growing rapidly after the open door policy. Firstly, Figure 1 displays the grwoing trend in terms of the selected location factors after 1980s to 2006. This growing trend plays as an powerful engine attracting foreign multinationals’ investments in China. With the collected data under the desinated model, we list the statistical summary of the data in terms of the location-specific factors including all alternative locations in Table 2, and the statistical summry of only selected locations in Table 3. In the mean columns of the two tables, it displays the selected locations seems to have much higher volume than all the alternative locations. Besides, when we look into the correlations of the location factors, both Table 4 with reginal yearly average and Table 5 with all alternative locations have positive correlationship among location factors. However, When the examined sample is limited only to selected locations in Table 6, the correlation of p_patent & p_fdifirm, p_fdifirm & p_researcher, and p_researcher & p_wage displays negative relationship. We cannnot clearly find the trend from the stastical summary and relationship comparison here. But Table 6 would imply something diffrent in the location choices. Thus we further implement conditional logit estimation to analyze the possible trends of location selecting behaviors of the multinationals in the following session.
5.2 Location Choices by Conditional Logit Estimation

In our research, we design firm-level variables including large-small firms (in terms of number of employees and capital of firm), and capital-intensive firms (in terms of capital per employee), and location-specific variables including number of patents issued by SIPO, number of firms with FDI, number of researches, average annual wage of researchers and total volume of transactions in technological market, to identify the influence of these variables in multinationals’ location choices in China, and further to compare the behaviors of the US and Japanese multinationals.
To analyze multinationals’ location choices by conditional logit model, we make groupings of sample data divided by firm size (Large-Small firms in terms of number of employee and capital of firm) and capital-intensity (capital-intensive and others in terms of capital per employee).  The criteria of grouping follows medians of firm-level factors
 (See list of medians in Appendixes A). We take the change of odds ratio of location-specific factors when a unit change in location-specific factor to compare the extents of influence on location choices in terms of firm size, firm nationality, and capital intensity. The estimations of odds ratio of factor change are caculated in 12 models with 21 groupings shown in Appendixes B. In order to better identify the trends of firms’ behaviors, the calculated odds ratios in Appendixes B are converted into relatively big or small in each paired comparison. The converted results are displayed in Table 7 to 10.
In Table 7, Model 1 “ALL” including all sample identifies the significance of all the 5 location-specific factors. The variable p_patent has negative impact on location choices while the other four are positively influencing location choices. The negative impact from p_patent relects a similar result as Alcacer & Chung’s (2007) dissertation that leading firms avoid industrial activities to avoid cost of knowledge outward spillovers. In fact, the infringement of intelletual properties in developing country may be more serious than the situation in advanced countries. Thus, even though technological activities of patents in a region were frequent and should have attracted more multinationals, the cost of knowledge outward spillovers, however, would be even higher than the advanateges of proximity to gain benefits. Accordingly foreign multinationals holding higher advanced knowledge or technologies may keep away from these locations.
Following Table 7, interestingly, while the sample is divided into Model 2 “Japan” and Model 3 “US”, p_researcher has bigger influence on Japanese multinationals than on the US multinationals (1.5 times), but in the contrast, p_wage has bigger influence on the US multinationals than Japanese multinationals (1.5 times). This result supports Flores & Aguilera’s (2007) assertation that US multinational corporations are more likely to choose foreign locations with high wages, controlling for the other economic factors. In fact, we also find that the correlation coefficients of p_researchers and p_wage in Table 6 displays negative correlationship of both factors. It further means that Japanese multinationals and US multinationals have very diffirent strategies on location choices while facing the intensity of R&D resources and cost of R&D resources. Namely, the US multinationals may pursue a high-value/high-cost market strategy (Galbraith et al., 2008; Porter, 1985) to approach locations with higher researcher wage, which provide more highly skilled- and qualified-researchers.
In Table 8 and 9, the sample is divided by firm size into Large-Small groups in terms of number of employees and capital of firm. The odds ratios of location factors in small firms are generally bigger than those in larger firms. The trend shows that small firms are sensitiive and influenced by location-specific factors greaterly than large firms. This also reflects that large firms have higher capability for independent operations (research activities), so that large firms are able to resist externalities much better than small firms. In the contrast, small firms need to look for more external supports and close to resources to enter China market for overcoming market challenges. 
In Table 10, the sample is divided into capital-intensive and others by capital per employee (the median of the sample data). Except the result of US firms on p_wage, this table mostly shows the trend that Capital-intensive firms are influenced by location-specific factors largerly than non-capital-intensive firms. In fact, capital-intensive firms invest largely in building production processing more efficiently and effectively, so they look for more network support and incentives from the surrounding environment (Shaw et al., 2005)
.
5.3 Findings

According to the analytical results and discussion in Session 5.1 and 5.2, we summarize the following findings for this research.
(1) Multinationals approach to locations with research resources for R&D collaboration, where more researchers, scientists and technologists are available. Multinationals also approach to locations with higher quality of researchers, although wage cost would be higher.
(2) Multinationals locate R&D collaboration away from locations with frequent technological activities. Multinationals may consider cost of knowledge outward spillovers, thus strategically locate away from risky locations. Besides, multinationals may avoid these locations due to claimed pirate activities in infringement of intellectual properties in China.
(3) Large firms are more capable to resist external challenges than small firms, as large firms may have greater capabilities to oprate activities independently than small firms in the risky environment, such as the emerging economy, China. In the contrast, small firms may need to pursue external supports, collaborations and incentives from the surrounding environment in order to overcome challenges in the host market which has relatively more changes and higher risks. 

(4) Capital-intensive firms generally incorporate greater asset investment in equipping and enhancing production processing lines in order to increase production efficinecy and effitiveness. They may seek for upstream suppliers and downstream buyers to form vertical alliance in the production network. Therefore, capital-intensive firms are more sensitive to location-specific factors in order to pursue external partnerships and network alliances.
(5) Japanese multinationals emphasize more on researcher resources than US multinationals, while US multinationals emphasize more on quality of researcher resources than Japanese multinationals regardless of higher cost of obtaining R&D resources. In addition to availability and cost of R&D resources, US multinationals also present the sensitivity in proximity to market size, but avoid of approaching frequent technological activities which may cause cost of knowledge outward spillovers in the transitional economy, China.
5.4 Implications to Multinationals and Policymakers

Given findings from analysis of location choices by conditional logit estimation, we hope that these results will provide insights to both decision-makers of multinational enterprises and policymakers of Chinese public sectors. The empirical data in this research imply the tendencies of firms’ location behaviors in terms of firm size, nationality and capital intensity. This research also illustrates the different extents of influence by location-specific characters. The difference of location behaviors between Japanese multinationals and the US multinationals are indentified as well. Thus, we sum up the following implications according to the research findings.
Firstly for multinationals, as small multinationals are influenced more by location factors than large multinationals, small multinationals shall seek for more support from either local collaboration or external alliance to strengthen company capability in order to enter a higher risky developing market. It is important to consider availability of research resources to avoid high wage cost in obtaining local researchers. However, multinationals should estimate the profits produced by the high-quality and superior researchers in China, even though the wage may be higher than that of other regions in China, it remains cheaper than the cost in both Japan and the US. In addition, capital-intensive multinationals, which incorporate more investment in equipments and R&D activities to improve production processing efficiently and effectively, may need to select locations with beneficial network and external resources for industrial vertical collaboration. Thus industrial clustering and institutional incentives are also one of the factors needed for consideration as important business strategies, so that capital-intensive multinationals cannot ignore when entering China market.

For Chinese policymakers, to provide a sound environment and attractive incentives to foreign multinationals in order to further promote benefits to Chinese society shall be significant. As the US and Japanese large multinationals are not influenced so much rather than small multinationals in terms of location-specific factors, such as local technological activities, input of R&D resources, and cost of R&D resources, the importance for policymakers shall be how to attract large multinationals to invest and to engage research collaboration in China. Large multinationals will be more capable to support themselves for R&D activities than small multinationals (Alcacer and Chung, 2007; Serrasqueiro & Nunes, 2008), so location choices for large multinationals are not as critical as those for small multinationals. China should rather maintain its current advantages in competitiveness and create attractiveness to solicit large multinationals to China, instead attracted to other countries. In the meanwhile, for small multinationals, policymakers are suggested to provide environmental incentives specially oriented for multinationals in consideration of the tendency of demands on availability of researchers, and skilled and qualified researchers in addition to creation of country-level attractiveness for large multinationals. However, policymakers should note that both Japanese and the US multinationals may avoid locations with frequent technological activities where intellectual property may be infringed with a higher rate to induce higher cost of knowledge outward spillovers in multinationals. Thus the suggestion is that governments should establish a sound infrastructure to protect intellectual properties, such as patent system.
6  CONCLUSION
Multinationals make overseas R&D activities in China not only to reduce labor cost, but also to transform to utilize capital- and technology-intensive resources (Li et al., 2000). R&D collaboration creates research results, and benefits the parent multinational. The outcomes of research collaboration are those registered patents. By way of using patent data, we explored the linkage of patent data and multinationals’ location choices on overseas R&D activities to further figure out the multinationals’ behaviors of location choices in terms of firm-level factors and location-specific factors. 
We summarize the findings of this research as follows. Firstly, the tendencies show that smaller multinationals are influenced by location factors more than larger multinationals, and capital-intensive multinationals are influenced by location factors more than non-capital-intensive multinationals. Secondly, both Japanese and the US multinationals are significantly in proximity to locations with more input of researcher resources and higher quality of researcher resources regardless of higher researcher cost, but are away from locations with frequent technological activities where cost of knowledge outward spillovers may be even higher. Thirdly, Japanese multinationals approach closely to the availability of R&D resources more than US multinationals, whereas US multinationals approach closely to the better quality of R&D resources more than Japanese multinationals. 

However, we acknowledge possible limitations in our research relating to the essential of patent data. The sample is limited in multinationals which apply for patent registration. However, small and medium-sized firms may not incorporate patenting activities when firms are unable to benefit from the expenditures of patenting maintenance. The sample doesn’t represent the whole population of all multinationals’ investments in R&D activities. Nevertheless, we believe that the research results remain significant in showing the tendencies of multinationals’ location strategies as the sample shall represent most of the multinationals which strengthen R&D activities in China.
In all, our research results suggest the direction of how Japanese and the US multinationals can best pursue overseas investments with R&D activities for enabling innovation. Location choices of multinationals reflect not only in proximity to resource-intensive locations and high-quality-resourced locations, but also in the tendency to distance from technological activities, being away from cost of knowledge outward spillovers, in consideration of investments with R&D activities. In addition, multinationals’ location strategies may differ not only in location traits, but also firm-level factors. Location strategies further vary in the nature of multinational nationality, such as the difference between Japanese multinationals and the US multinationals.
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APPENDIXES

Appendix A
Appendix A.1: Medians and means of firm-level data
	Firm-level Factors
	All
	Japan
	US

	
	median
	mean
	median
	mean
	median
	mean

	f_staff (staff of firm)
	7,170 
	44,813 
	3,726 
	31,356 
	12,800 
	51,471 

	f_capital (capital of firm)
	1586.26 
	12295.97 
	466.32 
	4321.09 
	3234.00 
	17843.72 

	f_capperstaff (capital/staff)
	0.158 
	0.263 
	0.115 
	0.232 
	0.187 
	0.283 


Unit: 1) f_staff: person 2) f_capital: $million 3) $million/person
Appendix B

The units used in the tables of Appendix B are as 1) p-patent: 1 patent, 2) p_fdifirm: 1000 firms, 3) p_researcher: 1000 persons, 4) p_wage: 1000 yuan, 5) p_techmarket: 1 million yuan. Note that Significance: 1%: ***, 5%: **, and 10%: *; Impact: positive: “+”, and negative: “-”.

Appendix B.1: Coefficients of factors in CLM analytical results
	Baseline
	ALL
	JP
	US

	p_patent
	-0.00575***
	-0.00079
	-0.00651***

	p_fdifirm
	+0.0086*
	+0.02272*
	+0.00539

	p_researcher
	+0.01169***
	+01377***
	+0.00897***

	p_wage
	+0.35350***
	+0.23594**
	+0.36846***

	p_techmarket
	+0.00013**
	-0.00011
	+0.00022***


Appendix B.2: Coefficients of factors in CLM analytical results in terms of firm staff
	STAFF
	ALL
	JP
	US

	
	Large
	Small
	Large
	Small
	Large
	Small

	p_patent
	-0.00448***
	-0.00778***
	+0.00415
	-0.00436
	-0.00521***
	-0.01092***

	p_fdifirm
	+0.01649***
	-0.00745
	+0.03181*
	+0.01158
	+0.01623**
	-0.02103*

	p_researcher
	+0.01202***
	+0.01133***
	+0.00984***
	+0.01854***
	+0.01250***
	-0.00189

	p_wage
	+0.31844***
	+0.43148***
	+0.20513
	+0.27283**
	+0.31934***
	+0.48568***

	p_techmarket
	+0.00006
	+0.00023**
	-0.00021
	-0.00009
	+0.0008
	+0.00073***


Appendix B.3: Coefficients of factors in CLM analytical results in terms of firm capital
	CAPITAL
	ALL
	JP
	US

	
	Large
	Small
	Large
	Small
	Large
	Small

	p_patent
	-0.00587***
	-0.00524***
	-0.00056
	-0.00213
	-0.00697***
	-0.00664***

	p_fdifirm
	+0.01035*
	+0.00204
	+0.02950
	+0.01714
	+0.01138*
	-0.01551

	p_researcher
	+0.01055***
	+0.01353***
	+0.01148***
	+0.01535***
	+0.01103***
	-0.00109

	p_wage
	+0.32541***
	+0.45726***
	+0.20561
	+0.25532**
	+0.31325***
	+0.62899***

	p_techmarket
	+0.00016**
	+0.00006
	+0.00006
	-0.00016
	+0.00019***
	+0.00054***


Appendix B.4: Coefficients of factors in CLM analytical results in terms of firm capital per staff
	CAPITAL/STAFF
	ALL
	JP
	US

	
	Cap-int
	Non
	Cap-int
	Non
	Cap-int
	Non

	p_patent
	-0.00632***
	-0.00413**
	-0.00084
	-0.00283
	-0.00686***
	-0.00576**

	p_fdifirm
	+0.00650
	+0.01367
	+0.01148
	+0.03334*
	+0.00829
	-0.00243

	p_researcher
	+0.01109***
	+0.01293***
	+0.01428***
	+0.01510***
	+0.01062***
	+0.00361

	p_wage
	+0.35879***
	+0.33858***
	+0.30554**
	+0.16533
	+0.33842***
	+0.46120***

	p_techmarket
	+0.00018***
	+0.00000
	-0.00011
	-0.00009
	+0.00021***
	+0.00027*


TABLES AND FIGURES

Table 1: Summary of dependent variable and independent variables in conditional logit estimation
	Dependent variable
	choice
	Chinese inventor’s address, presenting activity destination of research collaboration (selected location is denoted as 1; the others are denoted as 0.) 

	Independent variable
	p_patent
	Technological activity by location, counted by SIPO patents (unit: 1 patent)

	
	p_researcher
	Number of researchers by location (unit: 1000 persons)

	
	p_wage
	Average wage of researchers by location (unit: 1000 yuan)

	
	p_techmarket
	Amount of transactions in technological market by location (unit: 1 million yuan)

	
	p_fdifirm
	Number of firms with FDI by location (unit: 1000 firms)


Table 2: Summary of location-level factors including alternative locations

	Variable
	Observation
	Mean
	Std. Dev.
	Min
	Max

	p_patent
	5666
	99.59213
	136.0383
	0
	1074

	p_fdifirm
	5673
	6.588691
	9.925688
	0
	60.6

	p_researcher
	5656
	56.46275
	52.34466
	0
	334

	p_wage
	5673
	10.00663
	4.496312
	0
	31.96

	p_techmarket
	5673
	1587.42
	2272.308
	0
	22117.4


*Unit:  1) p-patent: 1 patent, 2) p_fdifirm: 1000 firms, 3) p_researcher: 1000 persons, 4) p_wage: 1000 yuan, 5) p_techmarket: 1 million yuan

Table 3: Summary of location-level factors in terms of selected locations

	Variable
	Observation
	Mean
	Std. Dev.
	Min
	Max

	p_patent
	183
	213.3716
	179.8183
	2
	1074

	p_fdifirm
	183
	17.33961
	14.49736
	0.07
	59.58

	p_researcher
	183
	120.8909
	88.70791
	3
	334

	p_wage
	183
	14.61549
	6.104437
	1.732
	26.71

	p_techmarket
	183
	4486.095
	3380.952
	0
	19100.7


*Unit:  1) p-patent: 1 patent, 2) p_fdifirm: 1000 firms, 3) p_researcher: 1000 persons, 4) p_wage: 1000 yuan, 5) p_techmarket: 1 million yuan

	Table 4: Correlation of location-level factors in terms of the regional yearly average

　
	p_patent
	p_fdifirm
	p_researcher
	p_wage
	p_techmarket

	p_patent
	1
	　
	　
	　
	　

	p_fdifirm
	0.5404 
	1
	　
	　
	　

	p_researcher
	0.7106 
	0.7431 
	1
	　
	　

	p_wage
	0.9234 
	0.6417 
	0.6800 
	1
	　

	p_techmarket
	0.9596 
	0.5964 
	0.6673 
	0.9926 
	1


Table 5: Correlation of location-level factors including alternative locations

	Variable
	p_patent
	p_fdifirm
	p_researcher
	p_wage
	p_techmarket

	p_patent
	1
	　
	　
	　
	　

	p_fdifirm
	0.2425
	1
	　
	　
	　

	p_researcher
	0.7447
	0.2072
	1
	　
	　

	p_wage
	0.5258
	0.4317
	0.2378
	1
	　

	p_techmarket
	0.8609
	0.3696
	0.7561
	0.5886
	1


*Observations: 5649

Table 6: Correlation of location-level factors in terms of selected locations

	Variable
	p_patent
	p_fdifirm
	p_researcher
	p_wage
	p_techmarket

	p_patent
	1
	　
	　
	　
	　

	p_fdifirm
	-0.0469
	1
	　
	　
	　

	p_researcher
	0.6129
	-0.307
	1
	　
	　

	p_wage
	0.3885
	0.5022
	-0.2055
	1
	　

	p_techmarket
	0.7982
	0.0735
	0.4332
	0.6552
	1


*Observations: 183

Table 7: Matrix of CLM analytical results in terms of ALL sample and comparison of Japan and US groupings
	Baseline
	ALL (Model 1)
	JAPAN (Model 2)
	US(Model 3)

	p_patent
	-***
	-
	-***

	p_researcher
	+***
	+big***
	+small***

	p_wage
	+***
	+small**
	+big***

	p_techmarket
	+**
	-
	+***

	p_fdifirm
	+*
	+*
	+


Significance: 1%: ***, 5%: **, 10%: *; Impact: positive: “+”, negative: “-”
Table 8: Matrix of CLM analytical results in terms of number of firm STAFF and comparison of Large and Small groupings
	STAFF
	ALL (Model 4)
	JAPAN (Model 5)
	US (Model 6)

	
	Large
	Small
	Large
	Small
	Large
	Small

	p_patent
	-small***
	-big***
	+
	-
	-small***
	-big***

	p_researcher
	+even***
	+even***
	+small***
	+big***
	+***
	-

	p_wage
	+small***
	+big***
	+
	+**
	+small***
	+big***

	p_techmarket
	+
	+**
	-
	-
	+
	+***

	p_fdifirm
	+***
	-
	+*
	+
	+small**
	-big*


Significance: 1%: ***, 5%: **, 10%: *; Impact: positive: “+”, negative: “-”
Table 9: Matrix of CLM analytical results in terms of number of firm CAPITAL and comparison of Large and Small groupings
	CAPITAL
	ALL (Model 7)
	JAPAN (Model 8)
	US (Model 9)

	
	Large
	Small
	Large
	Small
	Large
	Small

	p_patent
	-even***
	-even***
	-
	-
	-even***
	-even***

	p_researcher
	+small***
	+big***
	+small***
	+big***
	+***
	-

	p_wage
	+small***
	+big***
	+
	+**
	+small***
	+big***

	p_techmarket
	+**
	+
	+
	-
	+small***
	+big***

	p_fdifirm
	+*
	+
	+
	+
	+*
	-


Significance: 1%: ***, 5%: **, 10%: *; Impact: positive: “+”, negative: “-”
Table 10: Matrix of CLM analytical results in terms of CAPITAL per STAFF and comparison of Capital-intensive and Others groupings
	CAPITAL/STAFF
	ALL (Model 10)
	JAPAN (Model 11)
	US (Model 12)

	
	Cap-int
	Others
	Cap-int
	Others
	Cap-int
	Others

	p_patent
	-big***
	-small**
	-
	-
	-big***
	-small**

	p_researcher
	+even***
	+even***
	+even***
	+even***
	+***
	+

	p_wage
	+big***
	+small***
	+**
	+
	+small***
	+big***

	p_techmarket
	+***
	+
	-
	-
	+even***
	+even*

	p_fdifirm
	+
	+
	+
	+*
	+
	-


Significance: 1%: ***, 5%: **, 10%: *; Impact: positive: “+”, negative: “-”
Figure 1: Development of location-specific factors in terms of regional yearly average
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*Unit:  1) p-patent: 1 patent, 2) p_fdifirm: 10 firms, 3) p_researcher: 100 persons, 

4) p_wage: 50 yuan, 5) p_techmarket: 10 million yuan
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� The source data are collected from China Statistical Year book, and calculated by the authors.


� Appropriability is defined in this paper (Park & Lee, 2006) as the possibilities of protecting innovations from imitation and of reaping profits from innovation activities.


� Conditional logit regression is frequently used for location choices. It is similar to multinomial logit regression. For multinational firms to choose collaboration locations, the difference of the two regressions are that, for instance, the result of the multinomial logit will tell if small firms will more likely to choose Shanghai than large firms or if having higher capital of firm makes it more likely to choose Shanghai than Beijing. However, the conditional logit will tell what the factors are, which are the more determinants in the choices between Shanghai and Beijing: Is it the R&D resources or market size of the region? Or any others?


� The patent-related date are retrieved from the following USPTO website:


http://patft.uspto.gov/netahtml/PTO/search-bool.html


� Because some patents are assigned to the same firm, and the location of the subsequent patent may not reflect properly the impact of the target factors which influence location choices, but is just chosen following the first patent’s choice (Alcacer et al., 2007).  


� Note that we target on activities of research collaboration by business firms, so assignees identified as academic institutions and governments are removed off from the analysis list.


� The publication information of Japanese firms is drawn from “Yahoo! Japan/ Finance”, available in � HYPERLINK "http://quote.yahoo.co.jp/" ��http://quote.yahoo.co.jp/�, whereas the information of the US firms is draw from Google Finance, available in � HYPERLINK "http://finance.google.com/finance" ��http://finance.google.com/finance�. 


� The China province-wised related data in the period of 1995-2006 are retrieved from the following NBCS website: � HYPERLINK "http://www1.neweb.ne.jp/wb/cno/enter/index-chinastats.html" ��http://www1.neweb.ne.jp/wb/cno/enter/index-chinastats.html�. The earlier data are retrieved from the paper version of China Statistical Yearbook.


� We also tried grouping samples by mean of firm-level data. However, the standard deviations of factors are too large and could not group firms evenly, so that we adopt median of location-specific data to divide firms into large-small mode equally for more precisely checking the influence induced by firm-level factors.


� Shaw et al. (2005) suggest supply chain agility in capital-intensive industries is strongly linked to the capabilities of the individual processing assets comprising the chain. The tax incentives provided by regional government to expenditures on costly equipments shall be attractive to these capital-intensive multinationals.
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