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ABSTRACT 

 

In this dissertation, I evaluate questions related to the role of connectivity in 

economic and innovation-related processes. Specifically, I utilize conceptual frameworks 

from the economic geography literature to study the relevance of internal, external, and 

infrastructural connectivity at a city level. 

In the first essay, I examine the role of intra-metropolitan connectivity of inventors 

and evaluate the quality of the associated innovation outputs. I focus on the fact that there 

exist meaningful demographic differences between people domiciled in city centers and 

the suburban areas and claim that these heterogeneities serve as sources of diversity and 

creativity. I suggest empirical evidence that the collaboration of inventors from the two 

different sub-regions is associated with higher quality innovation outcomes. I further study 

how firm heterogeneity moderates the effects of this intra-metropolitan connectivity. The 

findings suggest that local firms and small to mid-sized firms (SMEs) enjoy more benefits 

because foreign firms and large firms are exploiting their own global network. This paper 

provides both managerial and practical implications that a metropolitan area may improve 

its quality of innovation outputs by taking advantage of the urban-suburban connectivity 

among the inventors.  

In the second essay, I provide specific guidelines to city planners to evaluate the 

external connectivity of the associated city. Cities are industry hotspots, playing vital 

roles as centers of economic development. Each city has different location-specific 

advantages that can foster different core industries and firms, participating in diverse 

activities within a global value chain system. Given the increasing rate of globalization at 
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the metro level, it has become paramount for cities to establish and develop economic 

partnerships with other cities to further growing their regional economies. However, few 

city planners have clear directions in choosing partner cities, and the decisions are rarely 

based on appropriate data analysis. Based on the Brookings Institution’s Global City 

Initiative 2.0 project, and after enhancing it with additional data analyses, I introduce a 

set of step-by-step guidelines to city planners for finding global partner cities. To provide 

an actual case, I share our own anecdote regarding how Philadelphia chose potential 

partner cities in order to attract more FDI in its biopharmaceutical sector and foster 

innovation activities. I also present evidence that the inadequate ability of local firms to 

source knowledge from international markets associates with relatively weak economic 

performance. The comprehensive analyses of the city’s role in the global value chain 

include from the upstream (Research and Development) and the midstream (FDI, 

imports, international joint ventures) to the downstream (exports). This case-based paper 

provides practical implications to city planners by providing ways of understanding the 

broad global value chain with which the city is involved. 

In the third essay, I assess the relationship between soft networks and hard 

networks of global cities. Public transportation systems (PTS) have been developed along 

with the associated metropolitan area. Scholars in urban studies have emphasized the 

important roles of PTS in connecting diverse people, regions, activities, and socio-

economic consequences. In this paper, I examine the relationship between public 

transportation systems and the innovation network in four major U.S. cities in the 

northeast - New York, Boston, Philadelphia, and Pittsburgh. I graphically show that 

inventor locations, as well as their connectivity, are established along with the city’s 
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public transportation networks. I further stipulate that this relationship has been seriously 

undermined by the recent pandemic – COVID-19. Even though it is too early to draw a 

conclusion, I advance propositions that predict how the relationship between public 

transportation network and inventor connectivity will be changed followed by the 

pandemic.  

In conclusion, I claim that a metropolitan area’s internal, external, and 

infrastructural network significantly affects its competitiveness. Throughout this 

dissertation, I confirm that both hard networks and soft networks are key to enhancing the 

economic and innovative performance of the city. 
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CHAPTER 1 

PREFACE 

 

Introduction and Overview 

In this dissertation, I evaluate questions related to the role of connectivity in 

economic and innovation-related processes, with a particular focus on city-level 

developments. Prior literature indicates significant progress has been accomplished in my 

understanding of connectivity in general and its role in economic and innovation 

processes in particular (Rugman, 1980; March, 1991; Teece, 1988). Although research 

has examined the role of cross-national connectivity, the scope of analysis has begun to 

shift toward within-country regional- and city-level perspectives, providing refined and 

differentiated insights into the subject matter (Porter, 1990; Goerzen et al., 2013). My 

dissertation reflects this ongoing paradigm shift. Specifically, I utilize conceptual 

frameworks from the economic geography literature to study the relevance of 

connectivity to important business-related processes and outcomes at the urban level. 

Within this broader objective, I seek to evaluate how connectivity among inventors living 

in city centers and suburban areas relates to the quality of the associated innovation-

related undertakings. Additionally, I study how urban planners can enhance innovation-

related outcomes by utilizing the global value chain activities of firms and organizations. 

This approach could allow them to identify industries with the most potential for urban 

development, as well as to select global partner cities with complementary resources and 

capabilities. Finally, I examine how various forms of public transportation networks 
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(such as rail lines and bus routes) contribute to innovators’ propensity to engage in 

collaborative development efforts.   

While the existing conceptual viewpoints are important (and even central) to my 

understanding of connectivity, empirical evidence remains mixed (Beaudry & 

Schiffauerova, 2009; Lorenzen & Mudambi, 2013). This highlights the need for more 

nuanced conceptualization of the subject matter. Accordingly, I stipulate that the 

relevance of urban-level connectivity and infrastructure remains understudied, presenting 

an opportunity to make a valuable contribution not only to theory but also to important 

matters of policy and practice. 

 

Importance of Connectivity, Location, and Global Value Chain Activity 

People, knowledge, resources, and economic activities are not equally distributed 

across geographic regions. Location-specific advantages are important drivers of 

economic activity and contribute to important variation in processes and outcomes at 

different levels of analysis, be those countries, regions, cities, industries, or organizations 

(Dunning, 1980). Since geographic locations vary in the character of their tangible and 

intangible resources, the role of connectivity among economic agents has been 

increasingly emphasized across management fields and in economics (Porter, 2000; 

Goerzen et al., 2013). These stipulations examine how the cross-locational flow of 

knowledge and resources contributes to important economic developments that 

subsequently contribute to the establishment of competitive advantages (and economic 

performance) of firms, cities, regions, and even nations (Porter, 1990). While many kinds 

of formal and informal connectivity among economic agents have been identified and 
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evaluated in the literature (Rugman, 1980; Sturgeon et al., 2008), the connectivity among 

innovators and innovating firms appear to be among the key relevant factors for the 

prosperity of cities, industrial areas, as well as broader geographic regions (Porter, 1990; 

Lorenzen & Mudambi, 2013). However, the empirical evidence on this subject is not 

without controversy, contributing to the ongoing debate with respect to the value of 

connectivity among innovation-related agents. Growing evidence suggests inventor 

connectivity enhances the quantity of innovation-related endeavors (Cano-Kollmann et 

al., 2016) and contributes to the creativity and diversity of innovating teams (Porter, 

1990; March, 1991). However, whether collaboration leads to higher quality innovation 

remains an open question (Sing & Fleming, 2010) and requires additional evaluations. In 

particular, the role of connectivity among innovators who reside in various regional and 

sub-regional locations of industrial cities remain unclear, providing motivation for this 

study and presenting an opportunity to make a notable contribution. Additionally, the 

relevance of cross-border connectivity of local firms and the related opportunity to source 

knowledge from international geographies are areas of increasing interest in the literature 

(Berman et al, 2020).  

I examine the role of international collaboration among inventors and innovating 

firms in the prosperity of domestic cities. Furthermore, while the role of city-level 

infrastructure, and in particular the development of various forms of public transportation 

networks, has been evaluated in the literature (Glaeser et al., 2008; Welch, 2013), the 

relative importance of specific forms of public transportation (such as rail lines versus 

bus routes) to innovators’ propensity to engage in collaborative development efforts 
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remain understudied, whereas the role of related collaboration is increasingly evident by 

the ongoing deliberation in the literature (Delgado et al., 2010; Delgado & Zeuli, 2016).   

Continued urbanization trends across developed countries as well as emerging 

economies increase the relevance of cities to all forms of economic and social 

development of populations worldwide. Cities are diverse geographic entities, made up of 

urban cores (also called city centers), along with catchment areas that comprise rings of 

inner and outer suburbs. While administrative borders are explicitly specified for cities of 

all sizes, larger metropolitan areas also include more distant catchment areas that have 

been called exurbs (Spectorsky, 1955). This geographic distinction has been related to 

systematic demographic differences among resident populations. However, there is 

relatively little research on the effects of this kind of geographic diversity within a 

metropolitan area on innovative outcomes. This is particularly important given the 

evidence that breakthrough innovations are challenging to achieve without exploring 

diverse knowledge sources (Tushman & Anderson, 1986; Henderson 1993), outlining the 

importance of inventor connectivity within diverse urban areas and across other 

geographic locations. Accordingly, sharing knowledge outside of the inventors’ current 

network is expected to enhance the diversity and creativity of the associated innovation 

outcomes. Otherwise, inventors and innovating firms are likely to become victims of 

inertia, focusing on exploitative innovations and underutilizing their resources in regard 

to explorative developments that are known to be central to the long-term performance of 

organizations and regions (March, 1991).  

While various forms of inventor connectivity have been evaluated in the 

literature, collaboration through organizational pipelines (such as subsidiaries, joint 
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ventures, or alliances) is an area of particular emphasis. In the field of economic 

geography, scholars examine how organizational pipelines among distant geographical 

locations can add creativity and diversity to various types of innovations (Bathelt et al, 

2004; Trippl, et al., 2009; Lorenzen & Mudambi, 2013). They further assert that such 

pipelines are critical to organizations’ performance, as related knowledge flows allow 

firms access to expertise that is neither generated nor available within the limited context 

of a particular region. Therefore, “pipelined inventions” are expected to be more creative 

and impactful, contributing to firms’ ability to attain and/or maintain a competitive 

advantage that is critical to sustainability, performance, and broader influence.  

The ongoing forces of globalization have made participation in global value chain 

activities more valuable. These forces enable firms to reduce costs (Gereffi 2001; 

Crestanello & Tattara, 2011) and grant access to scarce resources and new knowledge 

(Roza et al., 2011; Martinez-Noya et al., 2012). This translates to enhanced performance 

(Sturgeon, 2002; Pietrobelli & Saliola, 2008), improved risk distribution (Keane, 2012; 

Gereffi & Luo., 2015), and superior innovation outcomes (Reily & Sharkey Schott, 2014; 

Alcácer et al., 2016; Enderwick & Buckley, 2017). Furthermore, related benefits are not 

limited to the leading firms. By participating in GVC activities, suppliers to large firms 

are also more likely to achieve improvements in product, process, and functional 

innovation (Humphrey & Schmitz, 2000; Ivarsson & Alvstam, 2011). Notably, not all 

actors in the global value chain gain benefit equally (Mudambi, 2008). MNE activities 

that focus on high value-adding activities (e.g., marketing, R&D) tend to be concentrated 

in economically advanced countries, whereas developing countries tend to host less 

value-adding infrastructure (e.g., manufacturing). This experience is not static, however, 
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as the competitive position of some developed countries continues to degrade (Berman et 

al., 2020) while select emerging markets are upgrading their regional positions in regard 

to the GVC activities of multinational firms (Gereffi, 1999). This process can be directly 

linked to the connectivity of innovation-related processes across domestic and 

international locations (Bathelt et al., 2004; Trippl et al., 2015). As such, value chain 

activities (for domestic firms) and global value chain activities (for multinational 

enterprises) increasingly serve as formal pipelines, channeling collaboration and 

knowledge flows within organizations (and across connected organizations) of various 

sizes and levels of integration.  

Despite the growing evidence of this process, the connection among resource 

availability in various global locations, the global value chain activities of firms, and 

connectivity among internal and external innovation actors remains understudied. For 

example, the existing literature that builds on the eclectic paradigm framework has been 

criticized for its inside-out point of view, such as the focusing on the “internalization” (I) 

advantages while neglecting the “Ownership” (O) and “Location” (L) relevance of the 

framework (Coe et al., 2008, McWilliam et al., 2019). Furthermore, according to a recent 

review of GVC governance and Dunning’s eclectic paradigm, location-specific 

advantages are the least studied area in international business literature, as only a handful 

of studies provide a systematic view on location-specific advantages of global value 

chain networks (McWilliams et al., 2019). Therefore, firms and geographic locations are 

interdependent, whereas related connectivity and knowledge flows affect the 

development and prosperity of organizations, and associated economic areas (Cano-

Kollmann et al., 2016). As such, participation in global value chain activities is critical 
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for global strategies and has the potential to upgrade industrial clusters; thus, it offers a 

better business ecosystem for multinational firms (Gereffi, 1999). Accordingly, this 

“multiple-embeddedness” nature of firms and location (Meyer et al., 2011: 236; Schotter 

et al., 2017), is meaningful, and a deeper examination of this relationship can lead to a 

more comprehensive view on the role of the global value chain activities, and related 

consequences. Understanding this complex and dynamic process is increasingly critical 

from several perspectives, such as a managerial (firm-level) strategic perspective, 

policymaking perspective (e.g., city planners), and academic perspective (i.e., on the 

subject of co-evolution theory) (Cano-Kollmann et al., 2016). 

 

Content of the Dissertation 

This dissertation consists of three essays on the subject of clusters, 

connectivity, and innovation. In Chapter 1, I evaluate how connectivity among 

inventors living in city centers and suburban areas relates to the quality of the 

associated innovation-related undertakings. In Chapter 2, I study how urban planners 

can enhance innovation-related outcomes by utilizing the firms’ and organizations’ 

global value chain activities. In Chapter 3, I examine how various forms of public 

transportation networks (such as rail lines and bus routes) contribute to innovators’ 

propensity to engage in collaborative development efforts. I further assess the impact 

of the COVID-19 pandemic, which drastically changed our daily lives, within the 

framework of the metropolitan area and the associated connectivity. 

Finally, I address limitations in my understanding of connectivity and its role in 

important economic and innovation-related processes, with a particular emphasis on 
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city-level developments. I expect this study to make meaningful contributions not only 

to theory but also to important matters of both policy and practice. In particular, this 

study should advance the theory of innovation by illustrating the role of city-level 

connectivity to firm-level and regional economic performance. It should also present 

unique empirical evidence with respect to the role of connectivity, GVC activities, and 

urban infrastructure that can be utilized for managerial strategizing, as well as urban 

and regional policy development.  
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CHAPTER 2 

METROPOLITAN INNOVATION NETWORK: URBAN-SUBURBAN 
CONNECTIVITY 

 

Introduction 

Metropolitan areas have long been industrial hot spots for innovation 

development processes, playing vital roles as centers of economic development (Bairoch, 

1991). According to the Global Metro Monitor 2018, a report issued by Brookings, the 

300 largest metropolitan areas accounted for 49.1% of the world’s entire GDP in 2016, 

despite only 24.1% of the world’s population living there (Buschet et al., 2018).  

In order to understand the superior economic performance of large cities, scholars 

have studied the different aspects of location-specific benefits for firms and people, with 

a particular emphasis on the role of cities in facilitating innovation. Some researchers 

have emphasized the importance of people and firms clustering in a dense region, 

highlighting the benefits of clustering, face-to-face communication, and knowledge 

spillovers within cities (Marshall, 1890; Gertler, 2003; Storper & Venables, 2004; 

Asheim et al., 2007). According to this view, people are more likely to generate 

innovative outputs when they are co-located and able to build up an intimate network 

within a condensed area. On the other hand, scholars who believe that exploring new 

knowledge is a key component of creative activity claim that what drives innovation is a 

collaboration among diverse inventors (Tushman & Anderson, 1986; March, 1991; 

Henderson, 1993; Kim & Kogut, 1996; Desrochers, 2001; Bathelt et al., 2004; Trippl et 

al., 2009; Schotter et al., 2017; Awate & Mudambi, 2018).  
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Cities themselves are diverse geographic entities made up of urban cores (also 

called city centers) along with catchment areas that comprise rings of inner and outer 

suburbs. Larger metropolitan areas also include more distant catchment areas that have 

been called exurbs that typically accommodate less-knowledge intensive industries (Park 

et al., 1925; Dickinson, 1946; Spectorsky, 1955). This geographic diversity has been 

related to systematic demographic differences among the local residents. However, little 

research examines the effects of this geographic diversity within a metropolitan area on 

innovative outcomes. 

To explore this issue, we analyze patent data from Philadelphia, Pittsburgh, and 

San Diego. By matching USPTO (the United States Patent and Trademark Office) patent 

data from the three metropolitan areas with information on their CBSA (Core-Based 

Statistical Areas) geographic boundaries, we find empirical evidence that collaboration 

among inventors living in city centers and those in the catchment areas is associated with 

higher-quality innovation. We propose that the well-established demographic differences 

between the populations of the city centers and the surrounding suburbs generate 

diversity among teams that include inventors from both areas. The diversity arises from 

demographic differences along dimensions such as education level, population density, 

economic status, family size, and culture. We argue that this diversity is likely to be 

associated with an increased quality of innovative outputs.  

In addition, we argue that firm heterogeneity is an important factor in this process. 

Local and small firms are more likely to benefit from urban-suburban connectivity 

because foreign firms are less able to form urban-suburban networks due to the “liability 

of foreignness” (Hymer, 1976; Kindleberger, 1969; Johanson and Vahlne, 1977), which 
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makes them less dependent on local conditions in the city. Additionally, smaller firms 

may benefit more from connectivity given that they depend less on other markets and 

more on the local innovation ecosystem compared to large firms (Zander, 2013).  

We make several contributions to the existing literature. First, scholars have 

extensively studied various types of connectivity of cities, including benefits of 

agglomeration for firms, and incentive for firms to have multiple units across 

geographical regions, but less on the local nature of how inventors interact. In this paper, 

we focus on demographic variation between inventors within different areas of a 

metropolitan area and claim that the local component of inventor connectivity is crucial, 

influencing the quality of the innovation outcomes in a metropolitan area.  

Second, we argue that this effect depends on firm heterogeneity. Previous 

literature explains how firms choose locations based on clusters (Audretsch et al., 1996; 

Goerzen et al., 2013; Shaver, 2018) and intangible resources (Nielsen et al., 2017) or how 

locations and clusters affect firm performance (Bathelt et al., 2018; Behrens et al., 2020). 

Instead, we show that even within the metropolitan area, the level of benefits from 

connectivity enjoyed by firms may vary. We theoretically argue and empirically show 

that local and small firms benefit more as large and foreign firms receive benefits from 

multiple locations. Therefore, local inventor connectivity may be a solution to achieve 

higher quality innovation for firms that do not have multiple locations. This paper is 

organized as follows. We start by reviewing previous literature on the metropolitan 

innovation network and building up hypotheses. We then introduce a data set and the 

associated two-stage model analyses. Finally, we draw conclusions and discuss the 

implications of the paper. 
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Literature Review 

Previous literature has studied different location-specific benefits of firms and 

inventors, especially in facilitating innovation. Specifically, scholars suggest two major 

factors that drive innovation: (1) concentration of people and firms in a dense 

geographical region (Marshall, 1890; Porter, 1998; Asheim et al., 2007; Funk, 2004), and 

(2) actors interacting with (i.e., connected to) diverse sources of knowledge (Bathelt et 

al., 2004; Storper & Venables, 2004; Trippl et al., 2009). In this manner, metropolitan 

areas are considered to offer both of these fundamental conditions to foster innovation, as 

diverse firms and people are concentrated in a dense geographical area (Florida, 2014). 

However, these studies have not examined how inventor connectivity within urban 

boundaries affects the quality of the associated innovation outputs. We contribute to the 

existing literature by showing that intra-metropolitan connectivity has a positive effect on 

the quality of innovation while its effect depends on firm heterogeneity. 

 

Metropolitan Areas and Population Concentration 

Scholars have suggested that the dense concentration of firms and people 

explains the superior performance of metropolitan areas. According to Marshall (1890), 

firms in similar industries aggregate together and create clusters around cities. The 

concentration of firms in a region creates networks of organizations, and knowledge 

spillover within such clusters facilitates innovation in the associated industries (Funk 

2004; Yang et al., 2010). Moreover, firms co-located in a cluster develop their own 

ecosystems, attracting higher quality human resources, suppliers, and other firms from 
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both within the industry as well as from supporting industries (Porter, 1998; Delgado et 

al., 2014). Similarly, geographically co-located individuals create social networks and 

establish strong ties that stem from more frequent interactions (Granovetter, 1973; Allen, 

1977; Saxenian, 1996; Sorenson & Stuart, 2001). The aggregated inventors can facilitate 

knowledge spillovers among them and develop their similar knowledge bases (Agrawal, 

et al., 2008; Funk 2004). 

Additionally, many researchers have suggested that geographically co-located 

people benefit from more productive communication, as face-to-face communication 

generates direct feedback and reduces communication errors (Storper & Venables, 2004; 

Asheim et al., 2007). Inventors in cities can also take advantage of the so-called “buzz 

effect”, whereby geographically co-located people absorb information that circulates in 

these clusters. Therefore, face-to-face communication and the buzz effect are 

acknowledged as important local factors in providing and distributing innovative 

knowledge and information (Storper & Venables, 2004; Gertler, 2003).  

In summary, scholars stipulate that people in cosmopolitan cities tend to be more 

creative and innovative because they utilize the unique characteristics of their networks 

with clusters. Specifically, the concentration of numerous firms and people is one of the 

key factors that explains the superior innovation performance of metropolitan areas 

(Porter, 1998; Goerzen et al., 2013; Iammarino & McCan, 2013; Florida, 2014). 

 

Diversity and Urban-suburban Connectivity 

As outlined in the earlier section, Marshallian cluster perspectives posit that 

people in city centers are more innovative due to the ability to exploit their existing 
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knowledge bases (Marshall, 1890; March, 1991). This perspective, however, is not 

uniform. Scholars claim that the concentration of firms and people alone does not fully 

explain the superior performance of metropolitan areas. They argue that breakthrough 

innovation (i.e., higher quality innovation outcomes) often involves exploring diverse 

knowledge sources, outlining the importance of inventor connectivity in different forms 

(Tushman & Anderson, 1986; Henderson, 1993; Kim & Kogut, 1996; Desrochers, 2001). 

Followers of this view assert that sharing knowledge outside of inventors’ current 

network should enhance the diversity and creativity of the associated innovation 

outcomes. Otherwise, inventors and firms are likely to become victims of inertia, 

focusing on incremental innovations and underutilizing their capabilities in regard to 

explorative developments that are central to long-term performance (March, 1991; 

Henderson 1993). In the field of economic geography, scholars also claim that global 

pipelines between two different geographical locations can add creativity and diversity to 

innovation (Bathelt et al., 2004; Storper & Venables, 2004; Trippl et al., 2009; Lorenzen 

& Mudambi, 2013). They assert that such pipelines are critical, as the connectivity allows 

firms to gain access to expertise that is not generated nor available within the limited 

context of the particular region. Therefore, “pipelined inventions” are expected to be 

more creative and impactful because innovative outputs that stem from such inventions 

utilize diverse knowledge sources. 

Studies have also examined the positive role of diverse characteristics of people in 

productivity and economic growth. For example, birthplace diversity (Docquier et al., 

2019), cultural diversity for high-skilled workers (Suedekum et al., 2014), cultural 

diversity in metropolitan areas (Ottaviano & Peri, 2014), education diversity (Parrotta et 
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al., 2014), and degree of self-monitoring (i.e., personality) (Mehra et al., 2001), influence 

firm productivity and economic growth of the associated region. 

 

Hypotheses Development 

Local connectivity and innovation 

Broader metropolitan areas consist of a core city (urban area) and catchment areas 

(i.e., suburban areas). Typically, a city center incorporates more knowledge-intensive 

industries and R&D activities that require high-skilled labor forces, while suburban areas 

are home to less knowledge-intensive activities that require reciprocal connection to the 

core city (Park et al., 1925; Goerzen, 2013; Lorenzen et al., 2020).  Accordingly, there 

exist meaningful demographic differences between people living in a city center and the 

surrounding areas. The U.S. Census report suggests that people living in urban areas have 

a higher level of education, higher income, higher utilization of health insurance, and 

higher employment rates when compared to rural residents (Holder, et al., 2016; see 

Figure 1).  

Given that people in metropolitan and suburban areas have heterogeneous 

characteristics in regard to age, income, lifestyle, education level, culture, and family 

size, we assert that collaborations among these two diverse groups would incorporate a 

greater level of demographic diversity into innovation processes, thus generating a higher 

quality of innovation output. Additionally, sociologists with the Simmelian point of view 

consider that the individuality of a person as a product of the interconnection of various 

networks (Simmel, 1955). The scholars built on this theory and suggest that a team can 
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Figure 1.  

Characteristics of urban and rural adults 18 years and older, 2011-2015. U.S. Census data 
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be more creative and promote innovation when the overlapping members are 

“cognitively distant” (i.e. have different experiences or knowledge) (De Vann et al., 

2014). 

Prior studies have discussed the additional benefits of having strong connectivity 

even within a metropolitan area. First, recent literature has suggested that strong 

connectivity within a broader city region would boost the economic performance of the 

area. For example, Delgado and Zeuli (2016) emphasize the importance of industry 

connectivity between inner-city and nearby regions, as an industry grows faster and 

benefits the city with faster employment rate growth when the industry is strong both in 

an inner-city and the nearby regions. Additionally, the connected clusters give rise to 

“economies of agglomeration” of many different types of supporting businesses and 

facilitate the development of the constituent industry (Porter, 1990; Delgado, et al., 

2014). Delgado, Porter, and Stern also find evidence of complementarity between 

innovative output and employment within a cluster. Their study on clusters empirically 

shows that strengths in initial employment and patenting activity have positive effects on 

the growth rate of both employment and patenting (Delgado et al., 2010). In summary, 

the suggested literature highlights the importance of diversity and intra-metropolitan 

connectivity among inventors. I, therefore, define the inventor collaboration from a city 

center and suburban area of a broader metropolitan area as “urban-suburban 

connectivity” and state: 

Hypothesis 1. The urban-suburban connectivity of inventors is associated with higher-

quality innovation.  
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Firm Heterogeneity and Moderating Effect 

We also argue that firm heterogeneity moderates the effect of urban-suburban 

connectivity (Barney, 1991; Adler and Kwon, 2002; Obstfeld, 2005). Specifically, we 

expect both local and small firms to benefit more compared to firms that are foreign and 

large, respectively. First, we compare foreign firms to local firms within the metropolitan 

area. Local firms located in a city are expected to have lower barriers to diverse human 

capital (Florida, 2005), which is associated with better connectivity among inventors in a 

region. This implies that national boundaries and a firm’s geographical location are 

critical advantages in establishing the urban-suburban connectivity of inventors. On the 

other hand, multinational firms tend to establish international connections between city 

regions (Pearce, 1999; Kogut et al., 2013) and may exacerbate the decline in urban-

suburban connectivity (Lorenzen et al., 2020). These firms are more likely to have more 

international experience and the ability to learn and absorb information from multiple 

foreign markets (Gupta & Govindarajan, 1991; Petersen & Pedersen, 2002; Nielsen et al., 

2017). This implies that firms that receive organizational knowledge from multiple 

locations may be less committed to the learning process within a city compared to local 

firms. 

Additionally, prior studies show that foreign firms typically lack detailed 

knowledge, experience, and commitment at the local level, thereby inhibiting their ability 

and aptitude to establish urban-suburban connectivity (Hymer, 1976; Kindleberger, 1969; 

Johanson and Vahlne, 1977). This phenomenon – known as “liability of foreignness” – 

suggests that local firms may have an advantage when building connections between 

existing inventors within a local community.  
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Therefore, we construct the following hypothesis: 

Hypothesis 2. Local firms are more likely to benefit from the urban-suburban 

connectivity of inventors. 

 

Finally, we consider firm size as a factor that moderates the effect of urban-

suburban connectivity on the associated innovation process. Large firms are firms that 

operate in multiple locations and possess more resources and capabilities than smaller 

firms (Barney, 1991). However, we expect smaller firms to get more innovation-related 

benefits by establishing the local connectivity for the following reasons. 

First, large firms may benefit from the dispersion of technological capabilities 

across multiple units and markets which allows them to further develop innovation 

processes (Zander, 2013). In the same manner with MNEs, large firms are more likely to 

have established R&D networks and know-how across different regions. Therefore, large 

firms depend less on one location and, subsequently, urban-suburban connectivity 

occurring within a metropolitan area.  

Additionally, large firms are more likely to focus on developing incremental 

innovations, instead of searching for new knowledge outside their innovation networks to 

achieve radical innovations (Henderson, 1993). Connectivity among inventors at the 

regional level and learning from other inventors would be less important for large firms 

with greater innovation capabilities. In contrast, we expect that smaller firms in 

metropolitan areas are more likely to exhibit urban-suburban connectivity. As less 

established firms, small firms need to exploit their regional labor market and play an 

important role as a connecting node of inventors. Henderson (2003) claims that 
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knowledge-rich firms with advanced innovation capabilities tend to be protective of their 

patents and put greater weight on the risk of knowledge leakage to external competitors. 

This implies that smaller, less-established firms may be more open to connectivity 

compared to established large firms.    

In summary, large firms that operate in multiple markets may have larger 

capabilities and resources within their broad network. On the other hand, smaller firms 

tend to have smaller innovation network, and utilizing metropolitan’s area opportunities 

are more important in producing higher-quality innovation outputs. Therefore:  

Hypothesis 3: Small to medium-sized firms (SMEs) are more likely to benefit from the 

urban-suburban connectivity of inventors. 

 

Empirical Approach 

In order to test the impact of the urban-suburban inventor connectivity on the 

associated innovative outcomes, we evaluate innovator connectivity and patenting 

activities in Philadelphia, Pittsburgh, and San Diego. The three cities were selected 

because they have similar industrial profiles: all three are heavily dependent on the 

pharmaceutical and medical device industries, which allows for a certain level of control 

for their industry-specific factors. Furthermore, these cities are listed among the 300 top 

global cities with regard to economic performance, but none of these three cities are 

among the “top-tier” global metropolitan areas1. Notably, Philadelphia and Pittsburgh are 

the major cities of Pennsylvania, and share the same state-level institutions, whereas San 

 
1 Specifically, Brookings Institution ranks Philadelphia 157th, Pittsburgh 214rd, and San Diego 242nd among 
global cities, based on the changes in GDP per capita and employment statistic from 2014 to 2016 (Bouchet 
et al., 2018). 
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Diego is in California and is expected to be influenced by the “west coast” institutional 

environment. While the drug and medical device industries account for a considerable 

portion of patents listed by inventors in these cities, Philadelphia has relative strength in 

the chemical industry, Pittsburgh in the electrical, electronics, and mechanical industries, 

and San Diego in the computer and communication industries. 

The patent data of the three cities are collected from the United States Patents and 

Trademark Office (USPTO). The patent data is an established measure of innovative 

activities and associated interpersonal ties, not only because of its availability but also 

because of its broad relevance and utility (Griliches, 1990; Nekar & Paruchuri, 2005; 

Fleming et al., 2007; Lahiri, 2010; Singh & Fleming, 2010; Mudambi & Swift, 2014). 

Furthermore, inventors listed in patents are considered accurate (Sheiness & Canady, 

2006), highlighting their innovative collaboration endeavor (Fleming et al., 2007). As a 

way of measuring the quality of patents without truncation bias, we refer to the number of 

citations that each patent received with a window of three years from the application date 

(Jaffe & Trajtenberg, 2002; Argyres & Silverman, 2004; Lahiri, 2010). 

In this paper, we analyze the data that reflects the geographical dispersion of 

innovators. As a method of mapping the geographic typology of innovation activity, we 

consider a patent to have originated from a particular city when the associated inventor 

resides in that city. Following previous literature, our definition of the metropolitan area 

includes both the central city and the suburban area of that city, based on the Core Based 

Statistical Areas (CBSA, Spotila, 2000; Funk, 2014). Metropolitan boundaries are 

defined by the Office of Management and Budget and are identified based on the 

residents’ work-related commuting information. Our patent data set includes patents filed 
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in each of the three cities from 2005 to 2008, which reflects the recent innovation output 

of the three cities. We do not include patents filed after 2008 in this paper, as a 

considerable number of patents applied for in recent years may not have been granted yet. 

Additionally, as we measure patent quality based on the number of associated citations, 

this four-year period is chosen to ensure sufficient time for the accumulation of related 

citations. Finally, we also exclude all patents with a single inventor (total n = 21,338), as 

our analysis focuses on inventor connectivity. It would not be practical for our study to 

include patents with a single inventor because they cannot have any measurable 

connectivity. 

We then dichotomize patents into those from a city center and those from the 

periphery areas. Specifically, we categorize a patent to be from the city center when at 

least one inventor resides in the city (i.e., addressed in Philadelphia, Pittsburgh, or San 

Diego), and we classify a patent to be from the peripheral area when at least one inventor 

resides in the cities’ surrounding peripheral regions. Finally, when a patent has inventors 

from both the city center and from the peripheral areas who are listed as co-inventors, we 

consider such a patent to exhibit urban-suburban connectivity.  

Notably, connectivity is considered a multi-faceted concept and should be 

analyzed carefully (Schotter et al., 2017). Furthermore, the suggested “urban-suburban 

connectivity among inventors” is a new concept and there exist many unobservable 

variables. Therefore, we adopt the two-stage model in order to reduce omitted variable 

bias by using the instrumented value of this connectivity. Specifically, we predict the 

probability of the intra-metropolitan connectivity using various factors in the first stage. 
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In the second stage, we evaluate whether the connectivity instrumented from the first 

stage contributes to higher quality associated innovation outcomes.  

 

Data and Methods 

When a patent has inventors from both the city center and from the peripheral 

areas who are listed as co-inventors, we consider such a patent to exhibit urban-suburban 

connectivity. In such cases, we code a binary variable Connectivity equals 1, and 0 

otherwise (1st stage DV). To come up with a valid instrumental variable for the intra-

metropolitan connectivity, we referred to the U.S. Census 2009 American Community 

Survey: 5-Year Data [2005-2009]. We assumed that the degree of dispersion in 

demographic characteristics of a region each inventor resides in may affect the intra-

metropolitan connectivity but does not influence the quality of the associated innovation. 

Accordingly, we referred to the aggregated house income, the ratio of college graduates, 

and total populations of census tract area of each inventor, then took a standard deviation 

of them within a patent. The associated instrumental variables are named as STDEV-

Houseincome, STDEV-College, and STDEV-Population, respectively. The summary 

statistics and pairwise correlation table are shown in Table 1.  

The summary statistic and correlations table suggest that all variables are 

appropriate. Specifically, our independent variable and dependent variable are positively 

correlated as suggested by our theory. The correlations between the key dependent 

variable (Patent Quality) and the chosen instrumental variables (STDEV-Houseincome, 

STDEV-College, and STDEV-Population) are very low (-0.014, -0.005, and 0.008, 

respectively). This suggests that the instrumental variables are valid, not affecting the 
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Table 1.  

Pairwise Correlation and Summary Statistics 

  (1) (2) (3) (4) (5) (6) (7) (8) (9) Obs Mean Std.Dev. Min Max 
(1) Patent Quality 1       

  21,460 1.879963 6.820776 0 324 
 
(2) Connectivity 0.050 1      

   
21,460 

 
0.237791 

 
0.425741 

 
0 

 
1 

 
(3) STDEV - 
HouseIncome -0.014 -0.036 1     

   
21,338 

 
4.99E+07 

 
4.97E+07 

 
0 

 
5.50E+08 

(4) STDEV - 
College -0.005 -0.043 0.149 1    

   
21,460 

 
2.506777 

 
6.661736 

 
0 

 
79.3 

(5) STDEV - 
Population 0.008 0.055 0.604 0.174 1 

   
21,340 

 
1236.368 

 
1187.476 

 
0 

 
15435 

 
(6) Local Firm 0.035 0.027 0.034 0.009 0.037 1  

   
21,460 

 
0.858994 

 
0.348036 

 
0 

 
1 

 
(7) Small Firm 0.040 -0.028 0.172 0.076 0.112 -0.148 1 

   
21,460 

 
0.88178 

 
0.322876 

 
0 

 
1 

 
(8) University -0.021 -0.017 0.033 -0.015 -0.001 0.060 0.059 1  

 
21,460 

 
0.025443 

 
0.157469 

 
0 

 
1 

 
(9) Num.Inventors 0.019 0.112 0.225 0.156 0.231 -0.033 0.092 -0.042 1 

 
21,460 

 
3.975256 

 
2.469251 

 
2 

 
51 
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patent quality while significantly affecting the urban-suburban connectivity of 

local inventors. Additionally, we have no correlations that are too high, which indicates 

that all variables are meaningfully differentiated and there is no multicollinearity issue. 

After running the first stage linear probability model (LPM), we got 

Ins.Connectivity (2nd stage IV), which is the predicted probability of connectivity, 

instrumented from the first-stage model. Patent Quality (2nd stage DV) is measured 

innovation quality. Building on prior literature, we consider a patent to be of a better 

quality when it is more highly cited by other patents (Zucker and Darby, 1996; Balconi et 

al., 2004; Singh and Fleming, 2010). With regard to Hypothesis 2 and Hypothesis 3, 

Local Firm is coded 1, if a patent assignee is not a US-domiciled subsidiary of a foreign 

firm, and Small Firm is coded 1 if a firm is not one of the Fortune 500 firms in each year. 

We also included control variables that may affect the measured quality of 

innovation outcomes. Num.Inventor is a control variable, controlling for the number of 

inventors. It is considered in the model because the probability of having connectivity 

and being cited by others would increase when there are more inventors associated within 

a single patent. Additionally, University is coded 1, if a patent assignee is a university or 

a research institution in a metropolitan area that the associated inventor resides. Previous 

literature explains that creative initiatives and high-quality entrepreneurial activities are 

centered around universities and research institutions (Porter, 2001; Florida, 2014; 

Guzman & Stern, 2015). On the other hand, scholars underline mixed effects of the 

Bayh-Dole Act on the quality of universities’ innovation outputs (Henderson et al., 1998; 

Mowery & Ziedonis, 2000; Sampa et al., 2003; Berman, 2008; Baldini, 2009). The Bayh-

Dole act encouraged U.S. universities to engage more in patenting activity and to  
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Table 2.  

 Descriptions on variables 

Variable Definition 

Connectivity Coded 1 if a patent lists inventor from both of a city center and its suburban area 

Quality Quality of innovation measured by patent's number of forward citations within 3 years since its application 

STDEV-HouseIncome Standard deviation of aggregated household income of inventors' tract region within a patent 

STDEV-College Standard deviation of ratio of people enrolled in a college of inventors' tract region within a patent 

STDEV-Population Standard deviation of the total population of inventors' tract region within a patent 

Local Firm Coded 1 if an assignee is a not a foreign company 

Small Firm Coded 1 if an assignee is not one of the Fortune 500 firms headquartered in a metropolitan area 

University Coded 1 if an assignee is a university or a research institution in a metropolitan area  

Num.Inventor The number of inventors listed in a patent 
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increase expenditure in R&D, but the associated quality of innovation is not 

necessarily higher (Sampa et al., 2003; Rafferty, 2008). Building on this literature, we 

expect that the quality of innovation outputs that universities produce would differ from 

other patents. 

Finally, we also consider city fixed effects, industry fixed effects, and year fixed 

effects because patenting activities can vary over time, by industry, and in different cities. 

Descriptions of the key variables are also presented in Table 2. 

 

Results and Robustness Checks 

When we run the first stage LPM model, the coefficients of each IV are highly 

significant (See Table 3). The result suggests that a patent is more likely to have the 

urban-suburban connectivity among the inventors, when each tract region is similar in 

terms of house income and education but different in the total population.  

 

Table 3.  

Results of the 1st Stage LPM Model 

 

 

 

 

 

 

 

  Connectivity 
STDEV-HouseIncome -9.06e-10*** 
  (-12.75)    
STDEV-College -0.00324*** 
  (-10.79)    
STDEV-Population 0.000457*** 
  (13.76) 
Constant 0.236*** 
  (55.00)    
N 21338 
t statistics in parentheses 
* p<0.05, ** p<0.01, *** p<0.001  
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Then, we predict an instrumental variable from this model to run the second 

stage Negative Binomial model with some control variables. Table 4 suggests the results 

of the second stage across different models. 

First, connectivity is positive and statistically significant for all specifications. In 

particular, in Column (4), the connectivity coefficient is 4.288 more citations if the 

inventor relationship exhibits urban-suburban-connectivity, and the effect is highly 

significant. Thus, our Hypothesis 1 is supported.   

Second, the coefficients for local and small firms are also positive and 

statistically significant. In Column (4), the coefficients for the interaction effect between 

Ins.Connectivity and Local Firms, and with Small Firms are 5.349 and 5.610 

respectively. Thus, Hypotheses 2 and 3 are also supported. Our results, therefore, indicate 

that if inventors are connected through urban-suburban connectivity, the quality of a 

patent is higher. Additionally, local and small firms are more likely to produce higher 

patent quality if the inventor exhibit connectivity.  

In sum, we find that “connected” inventors from two different subregions of a 

metropolitan area produce higher quality innovative outputs. Additionally, smaller and 

local firms are more likely to receive patents with more citations when there is 

connectivity among inventors. 

 

 

 

 

 



Dissertation                                                                                               
Hwansung Ju 

29  

Table 4. 

Connectivity and patent quality, 1st stage LPM & 2nd stage Negative Binomial 

 

 (1) (2) (3) (4) 
 Patent Quality Patent Quality Patent Quality Patent Quality 
Ins.Connectivity[H1] 3.207*** 4.289*** 4.423*** 4.288*** 
 (4.12) (7.54) (8.69) (4.71) 
     
Local Firm       0.593*** -0.484 -0.513 -0.673 
 (7.16) (1.28) (1.53) (1.71) 
     
Small Firm  0.922*** -0.126 -0.566 -0.445 
 (9.04) (0.25) (1.25) (0.81) 
     
University -0.547** -1.299*** -0.828*** -0.536** 
 (2.92) (7.61) (5.41) (2.86) 
     
Num.Inventors 0.0541*** 0.0393*** 0.0493*** 0.0540*** 
 (4.67) (3.63) (5.03) (4.66) 
     
Connectivity*Local[H2]     5.716***  4.889***  5.349** 
  (3.67) (3.53) (3.18) 
     
Connectivity*Small[H3]   5.243*  5.490**  5.610* 
  (2.56) (3.03) (2.50) 
 
Year FE 
IndustryFE 
City FE 

 
YES 
YES 
YES 

 
YES 
NO 
NO 

 
YES 
YES 
NO 

 
           YES 

YES 
YES 

Observations 21,338 21,338 21,338 21,338 
R2 0.027 0.006 0.025 0.027 

t statistics in parentheses * p < 0.05, ** p < 0.01, *** p < 0.001 
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We perform additional tests to check the robustness of our results. First, we 

examine how connectivity to patent quality is related to each of the three cities in the 

sample. We present the results in Table 5. Connectivity is positive and statistically 

significant for San Diego and Philadelphia (9.2 and 3 respectively) and positive for 

Pittsburgh (0.9). Additionally, the moderators for local and small firms are positive 

although not always statistically significant. In particular, San Diego exhibits a positive 

and statistically significant coefficient for local firms (8.5), while Pittsburgh and 

Philadelphia are positive (1.1 and 4.3 respectively) but not statistically significant. The 

coefficient for small firms is positive and statistically significant for San Diego (10.75) 

and positive for Pittsburgh and Philadelphia (8 and 1.8 respectively).  

Second, we include an additional specification for the second stage of our 

estimation. In particular, we perform an OLS regression in the second stage and present 

the results in Table 6.  The results indicate that using an alternative estimation in the 

second stage does not change the results. In particular, in Column 4 when all variables 

are included, connectivity is statistically significant (5.743) while the moderators for 

local and small firms are positive and statistically significant (6.663 and 7.393 

respectively). The coefficients are therefore smaller in magnitude compared to our main 

specification but still positive. These results provide further evidence that a patent with 

the urban-suburban connectivity among the inventors is associated with a higher quality 

of innovation. 
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Table 5.  

Robustness Check: Connectivity and patent quality per city 

 (1) (2) (3) 
 Patent Quality 

(Pittsburgh) 
Patent Quality 
(San Diego) 

Patent Quality 
(Philadelphia) 

Ins.Connectivity[H1] 0.959 9.214** 2.988* 
 (0.41) (2.96) (2.53) 
    
Local Firm 0.336 -1.062 -0.898 
 (-0.52) (1.36) (1.46) 
    
Small Firm -1.293 -1.932* 0.0315 
 (0.60) (2.39) (0.05) 
    
University -0.356 -0.529 -0.262 
 (1.80) (0.66) (1.68) 
    
Num.Inventors 0.106* 0.0545* 0.0566 
 (2.08) (2.06) (1.88) 
    
Connectivity*Local[H2]  1.086 8.490* 4.312 
 (0.43) (2.48) (1.60) 
    
Connectivity*Small[H3] 7.976 10.75** 1.839 
 (0.88) (3.16) (0.64) 
    
Constant        3.490***       3.570***       4.797*** 
 
 
Year FE 
Industry FE  

(4.39) 
 

YES 
YES 

(4.54) 
 

YES 
YES 

(8.45) 
 

YES 
YES 

Observations 3112 11930 6296 
R2 0.032 0.028 0.064 

t statistics in parentheses 
* p < 0.05, ** p < 0.01, *** p < 0.001 
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Table 6.  

Connectivity and patent quality, 1st stage LPM & 2nd stage OLS 

 
 (1) (2) (3) (4) 
 Patent Quality Patent Quality Patent Quality Patent Quality 
Ins.Connectivity[H1] 4.264*** 5.032*** 5.796*** 5.743*** 
 (3.38) (4.65) (5.39) (3.64) 
     
Local Firm 0.675*** -0.631 -0.720 -0.911* 
 (8.15) (0.90) (1.04) (2.06) 
     
Small Firm 0.877*** -0.422 -1.036 -0.933 
 (9.88) (-0.48) (1.19) (-1.93) 
     
University -0.499*** -1.047*** -0.828** -0.486*** 
 (3.92) (3.52) (2.79) (3.83) 
     
Num.Inventor 0.0652*** 0.0446* 0.0603** 0.0654*** 
 (3.55) (2.35) (3.16) (3.55) 
     
Connectivity*Local[H2]   6.189* 5.966* 6.663*** 
  (2.15) (2.09) (3.41) 
     
Connectivity*Small[H3]  5.817 7.045*       7.393*** 
  (1.66) (2.03) (3.59) 
     
Constant 3.983*** 1.044*** 4.021*** 3.634*** 
 
 
Year FE 
Industry FE 
City FE 

(9.59) 
 

YES 
YES 
YES 

(3.63) 
 

YES 
NO 
NO 

(11.85) 
 

YES 
YES 
NO 

(7.63) 
 

YES 
YES 
YES 

Observations 21338 21338 21338 21338 
R2 0.027 0.006 0.025 0.027 

t statistics in parentheses 
* p < 0.05, ** p < 0.01, *** p < 0.001 
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As a final robustness test, we also run a T-test on the patent data of these three 

cities, dichotomized into two groups: patents with and without connectivity. On average, 

patents with urban-suburban connectivity have 10.747 citations, while those without the 

connectivity are cited only 8.160 times (see Table 7). It means that patents with the 

inventor urban-suburban connectivity gain 31.7% more citations and the difference is 

significant (p < 0.0001). This result provides further evidence that patents with the urban-

suburban connectivity among the inventors are associated with a higher quality of 

innovation. 
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Table 7.  

Robustness Check: T-Test 

 

 

Group Observations Mean Std. Err. 
Std. 
Dev. 95% Conf. Interval 

No Connectivity 
  

  
        16,357 

  
8.1602 

  
0.1601 

  
20.4727 

  
7.8465 

  
8.4740 

  
Connectivity            5,103  10.7470 0.4187 29.9065 9.9263 11.5678 

Total          21,460  8.7753 0.1576 23.0938 8.4664 9.0843 
Difference  -2.5868 0.3699  -3.3118 -1.8618 

       
Difference = mean (No Connectivity) - mean 
(Connectivity) t = -6.9936 

      

Degrees of 
Freedom = 

21,458 
H0:  
Difference = 0       
Ha:  
Difference < 0  

Ha:  
Difference = 0   

Ha: 
Difference>0 

Pr(T < t) = 

0.0000 
 

Pr(|T| = |t|) = 

0.0000 
  

Pr(T < t) = 

1.0000 

 

 
   

Number of obs   = 21,338 

Wald chi2(18)   = 549.42 

Prob > chi2     = 0 

R-squared       = . 

Root MSE        = 6.8546 
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Conclusions 

In this paper, we theorize that connectivity can positively affect innovation quality 

in metropolitan areas. We also claim that local and small firms may benefit the most in 

this process. Previous literature on cities can be divided into two different research 

streams: a functional tradition and a demographic (Beaverstock et al., 1999; Goerzen et 

al., 2013). By incorporating both dominant topics of metropolitan area research, we 

propose a new perspective on inventor connectivity within a metropolitan area. We 

stipulate that this novel viewpoint is one of the key contributions of our paper, as the 

value of connectivity should be evaluated not only from diverse perspectives but also at 

different levels. In this paper, we dichotomize metropolitan areas into a core city center 

(urban) and its peripheral areas (suburban) and study the impact of connectivity among 

the inventors in these two different areas. By analyzing the number of citations for each 

patent, we find that “connected” inventors from two different subregions produce higher 

quality innovative outputs. As suggested in the literature review part, the heterogeneity in 

demographic characteristics among inventors plays its role as sources of diversity and 

creativity, eventually creating higher-quality innovation outputs. 

Additionally, we suggest empirical evidence that small to medium-sized and local 

firms are those who can take the most advantage of this connectivity. As these firms have 

relatively limited resources and capabilities in innovating activities, utilizing the local 

human talent network would help them produce higher quality innovation outputs. We 

also reassure international business scholars that the geographical distance and national 

boundaries still matter when it comes to connectivity at a local level. Previous studies 

show that multinational and large firms benefit more if they are located in multiple 
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regions while we stipulate that for the local business environment to thrive, city planners 

might consider increasing connecting inventors through urban-suburban connectivity to 

benefit the local business ecosystem. 

This paper provides implications for firms and public policy. To be specific, our 

findings provide practical implications to city planners of metropolitan areas, suggesting 

the need and opportunity to strengthen connectivity among talented people from a 

broader perspective: including both a city center and the surrounding areas. Previous 

literature (Porter, 1998; Delgado & Zeuli, 2016) emphasize the importance of industry 

connectivity between an inner city and nearby regions, as an industry grows faster and 

benefits the city with faster employment rate growth when the industry is strong both in a 

core city and the nearby regions. We argue that even within a city, inventor connectivity 

has a positive effect on innovation.  Accordingly, we propose that intra-metropolitan 

connectivity contributes to the economic development of the region, by enabling the 

establishment of sustainable sociological ties among high-quality human resources.  

Finally, we also contribute to the field of management and international business 

by suggesting a new concept of innovation networks within global cities. We further 

reassure international business scholars that geographical proximity and national borders 

are important factors in establishing local inventor connectivity, which is associated with 

a higher quality of innovation. Moreover, city development leaders should acknowledge 

that the connectivity among inventors within a broader metropolitan area also contributes 

to “sustainable” economic development in cities, as it motivates inventors to stay within a 

closed geographical boundary. As ties between inventors get stronger over time, the 

stickiness of their soft network prevents inventors from moving away (Granovetter, 1973; 
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Malecki, 2001). When a particular metropolitan area has enough “gravity” to pull 

inventors in, either because of the dynamics among its human networks or its attractive 

industry ecosystems, higher quality human resources are more likely to stay in that area 

longer. On the other hand, weak connectivity can be a serious issue as it reduces the 

incentives for inventors to stay in an area. Since the size and quality of the labor market 

are important factors for organizations’ location-related choices (Moretti, 2012; Shaver, 

2018), a strong network among talented people is critical for the economic development 

of a metropolitan area (Malecki, 2001). In this manner, we expect this paper to suggest a 

way for firms and the associated city to co-evolve (Schotter et al., 2016).  
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CHAPTER 3 

A VALUE CHAIN APPROACH TO METROPOLITAN ENGAGEMENT IN 
INTERNATIONAL MARKETS 

 

Introduction 

International business plays a vital role in developing local economies with an 

increasing degree of market globalization. McKinsey Report suggests that in 2016, about 

40 percent of global economic activity is coming from cross-border trade and capital 

investment, containing the tremendous potential to generate wealth locally (Manyika et 

al., 2016). Accordingly, economic development leaders from global cities recognize that 

regional economic development strategies must be rearranged to better grasp global 

opportunities (Gereffi et al., 2001; Yeung, 2009). Specifically, these leaders attempt to 

support local firms to export more to global markets, foster exchanges of innovation and 

talent, and promote their metro areas as sites for foreign investment (Cresetanello & 

Tattara, 2011; Giroud & Mirza, 2015). Their goal is for their local economy to be 

globally competitive and generate sustained growth. Considering the relatively limited 

resources available at the city level compared to opportunities in the global market, city 

planners should make specific, pointed decisions to promote specific industries and target 

markets. However, metro leaders lack both access to integrative International Business 

literature and clear process guidelines in making data-driven conclusions connected to 

broader economic development goals (Bouchet et al., 2018). These leaders are normally 

separated from the regional economic development agenda and misaligned with broader 

efforts to grow businesses. 

In this paper, we introduce well-defined guidelines to the leaders of global cities 
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based on our experience as research associates of the Brookings Institution’s Global 

Cities Initiative 2.0. Specifically, we introduce ways to analyze and understand the 

comprehensive global value chain (GVC) in which a city is involved. It is designed to 

offer a strategic approach to city planners looking to make international partnership 

choices so that their economic development plans can reflect real economic situations. It 

adopts a concept of “market prioritization”, which is used by private companies to guide 

their international expansion plans. Hence, in order to maximize the possibility of success 

with available but limited resources, corporations systematically screen locations before 

they expand a certain business sector. This approach is similar to the resource-based view 

(Pfeffer & Salancik, 1978; Barney, 1991) in that managers attempt to understand and 

make the best use of the available resources in making strategic decisions. Specifically, 

the GVC assessment process incorporates not only data analysis but also insights from 

key private and public stakeholders that aligns local economic priorities with 

international market trends and opportunities. Concentrating resources on developing a 

specific sector or target market over others may entail risks and create tension with the 

interest of non-featured local businesses. Therefore, a city’s economic development 

leader should mitigate existing risks by prioritizing based on data and knowledge of the 

local economy’s core strengths. By making evidence-based decisions through a 

comprehensive GVC analysis, we expect metropolitan leaders will identify blind spots in 

existing development strategies and more efficiently allocate resources, staff, and time. 

Along with the guidelines, we reflect on our own experience as members of the 

research team of Philadelphia. The strategic goal of the City of Philadelphia is to find the 

best partner city for attracting foreign direct investments to its core industry – the 
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biopharmaceutical sector. By analyzing the sector’s GVC from a metropolitan leader’s 

point of view, we expect to give city leaders a clearer picture of the process. 

Finally, we examine innovation activity in Philadelphia and compare it with that 

of the Boston area. We specifically evaluate and compare innovation activity in both 

cities, assessing the connectivity of local inventors and innovation firms with 

international markets and internationally domiciled firms. Our methodology allows us to 

examine the evolution of such connectivity over a 15-year time frame, segmenting it into 

the development efforts that reflect (1) local firms sourcing innovation from international 

markets (i.e., “reaching out”), and (2) foreign firms sourcing innovation from resources 

located in the city levels of Philadelphia and Boston. We then discuss the relevance of 

these processes to economic trends and performance of both cities. 

This paper is organized as follows. First, we review the literature on the global 

value chain, location advantage from Dunning’s (1980) eclectic paradigm, and the 

business ecosystem of global cities in order to emphasize the importance of establishing a 

solid global network at the city level. Then, we introduce six steps to finding a global 

partner city that can benefit a specific industry of a metropolitan area. In each of the six 

steps, we state how Team Philadelphia actually applied the suggested framework. Finally, 

we draw conclusions and propose further suggestions to metropolitan leaders. 

 

Literature Review 

Location-specific Advantages and Global Value Chain 

 Resources, knowledge, and economic activities are distributed unevenly over 

geographic space. These location-specific advantages (Dunning, 1980) are among the 
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fundamental factors that drive multinational firms to expand their boundaries in various 

forms in order to take advantage of the opportunities in different regions of the global 

market. The examples include strategic alliances (Das & Teng, 2000; Gomes et al., 

2016), outsourcing (Quinn & Hilmer, 1994; Gilley et al., 2017), offshoring (Schmeisser, 

2013; Pisani & Ricart, 2016), and foreign direct investments (Dunning, 1980). Global 

expansion enables firms to reduce their costs (Gereffi 2001; Farrel, 2005; Crestanello & 

Tattara, 2011; Wagner, 2019), and to gain access to scarce resources and new knowledge 

(Roza et al., 2011; Martinez-Noya et al., 2012). By participating in the global value 

chain, MNEs gain benefits in terms of performance (Sturgeon, 2002; Pietrobelli & 

Saliola, 2008), risk distribution (Keane, 2012; Gereffi & Luo., 2015), and innovation 

(Reily & Sharkey Schott, 2014; Alcácer et al., 2016; Enderwick & Buckley, 2017). Not 

only lead firms are those who get benefits. Suppliers are more likely to achieve product, 

process, and functional innovation (Gereffi, 1994; Humphrey & Schmitz, 2000; Ivarsson 

& Alvstam, 2011), from playing their parts in the global value chains. As a result, 

countries are now more “interconnected” across different levels of economic 

development (Backer & Flaig, 2017) 

However, as Mudambi (2008) suggests, not all actors in the global value chain 

benefit equally. Typically, an MNE’s activities that create higher values (e.g., marketing, 

R&D) are spread out to more economically advanced countries, while activities that 

create less value are hosted by developing countries (e.g., manufacturing). Generally, 

firms in advanced countries were believed to accrue more value than those in less 

developed countries, but recent literature highlights the “multi-polarization” of the global 

value chain (Ponte 2014, Ponte & Sturgeon, 2014), asserting that more nodes than 
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expected are playing important roles in the network. Scholars also observed changing 

roles in the GVC, such as the rise of southern-hemisphere markets (Horner & Nadvi, 

2018) and a more active role for state governments and informal organizations (Levy, 

2008; Mayer & Gereffi, 2010). Accordingly, it is more difficult to compose a full picture 

of the global value chain, which has undergone dynamic changes.  

 

Cities as Industrial Hot Spots 

In general, more economically developed countries are more affluent in resources 

and knowledge. From a more micro point of view, they are concentrated in cities and 

metropolitan areas that have been industrial hot spots for innovation development 

processes. Cities thus play vital roles as centers of economic development and innovation 

development processes (Bairoch, 1991; Florida, 2002; Florida, et al., 2017). In the early 

years of research on cities, scholars had suggested that the dense concentration of firms 

and people explain the superior performance of metropolitan areas. According to 

Marshall (1920), an economist often considered an originator of the theory of economic 

clusters, a city can be characterized as co-location of a high population, related 

industrial/economic activities, and associated labor markets. This notion of cities as 

clusters has been advanced with additional analyses on the roles of local universities and 

supporting regulatory institutions (Feldman, 1993; Anderson, 2000; Porter, 2001; Youtie 

and Shapira, 2008). The geographic concentration of industry benefits the region with 

cost advantages and industry-specific knowledge spillovers (Marshall, 1890; Porter, 

1998, 2000; Ellison & Glaeser, 1999). A successful global city, that attracts a greater 

number of firms and achieves scale of the economy within the geographic area, is often 
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termed a megacity (Krugman, 1993; Gilbert, 1996). Furthermore, attracting more 

multinational enterprises has become more important because cities can be “better 

connected” and participate more in the global value chain (Belderbos et al., 2017; 

Goerzen et al., 2013). 

Scholars further stipulate that economic outcomes and resources are also unevenly 

distributed between urban cores: Some cities prosper and develop stronger clusters and 

attract higher quality talent than others (Porter, 1990; Hill & Brennan, 2000; Goerzen et 

al., 2013). In addition, cities accommodate different types of clusters and prospering 

industrial activities may differ from the city by city. For example, Detroit has consistently 

produced its innovation outcomes in the automotive industry (Hannigan et al., 2015), 

while the Silicon Valley area has been a world-class center of the software industry 

(Guzman & Stern, 2015). Because cities have different strengths, resources, and 

capabilities, scholars suggest that city planners should establish “global pipe-lines” with 

other cities (Bathelt, et al., 2004; Morrison et al., 2013). Such connectivity among cities 

is critical as it provides access to knowledge and resources that are not available in the 

region. Scholars claim that global pipelines between two different geographical locations 

can add creativity and diversity to their innovation outcomes (Bathelt et al, 2004; Storper 

& Venables, 2004; Lorenzen & Mudambi, 2013; Trippl et al., 2015).  

 

Need for a Comprehensive View on the Global Value Chain 

With better availability of fine-grained data and increased importance on 

connectivity at a city-level, strategic decisions of managers in MNEs are being made at a 

city-level (Goerzen et al., 2013). Even though the importance of global intercity 
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connectivity has been emphasized extensively, practitioners of cities do not have a clear 

understanding of the processes of finding partnership counterparts. In general, metro 

leaders lack knowledge on the availability of appropriate data to refer to, and a framework 

to apply data analysis (Bouchet et al., 2018).  

In international business literature, scholars also acknowledge that location-specific 

advantage is under-studied area. Even with the importance of L advantages to policymakers 

and city planners, literature in the eclectic paradigm has been criticized for its inside-out 

point of view, focusing on “Internalization” advantages while neglecting “Ownership” and 

“Location” advantages (Coe et al., 2008, McWilliam et al., 2019). According to a recent 

review paper on GVC governance and Dunning’s eclectic paradigm, the location-specific 

advantage is the least studied area in international business and (McWilliams et al., 2019). 

The authors claim that most of the OLI literature focuses on Ownership and Internalization 

advantages, and only 24 of the 126 reviewed papers assess location-specific advantages. 

Furthermore, considering that each metropolitan area differs in its location-specific 

strengths and weaknesses, providing diverse business environments where MNEs face 

opportunities and challenges, city planners should have a comprehensive view on the 

broader global value chain in which the city is situated. Scholars have studied the global 

value chain within a single industry or country (Mudambi, 2008; Rutherford & Holmes, 

2008; Starosta, 2010; Sturgeon et al., 2008), and few studied multiple industries or 

countries (Gereffi et al., 2005; Keane, 2012).  

The lack of more comprehensive literature on the global value chain makes it 

difficult for policymakers in global cities to gain academic insights in terms of how to make 

strategic endeavors to take advantage of their specific advantage and gain benefits from 
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opportunities in the global markets. The leaders eventually end up following intuition-

based processes in making internalization decisions (Bouchet et al., 2018). Therefore, they 

need precise processes as well as a better understanding on data in terms of both availability 

and applicability. Additionally, scholars also admit that a lack of data is one of the 

impediments to research on global cities (Short et al., 2000), especially when it comes to 

relations between cities (Taylor, 2001; Taylor et al., 2002).  

Therefore, in this paper, we introduce step-by-step guidelines on how to analyze 

the global value chain in which each city is involved. Each city planner may have 

different strategic goals, but it is critical for them to clearly understand the city’s 

location-specific advantages and role in the global value chain. Since each node in the 

value chain plays different roles in different regions, city planners must have a 

comprehensive view on the global value chain activities in which the city is involved. We 

conduct analyses on industrial activities in the upstream (innovation activities, imports), 

midstream (foreign direct investments, venture capital investments, employments), and 

downstream (exports). Additionally, in order to consider macro-economic factors that 

affect partnerships between cities, we also take cultural, geographical, and institutional 

aspects into consideration. 

 

A Value Chain Approach to Assessing Philadelphia’s Metropolitan Global Connectivity 

With the increasing needs of establishing global partnerships among cities, 

Brookings Institution suggests six steps in selecting a counterpart city (Bouchet et al., 

2018). The framework adopts a concept of market prioritization process that private firms 

use before their business expansion. The report defines it as “a process that aligns local 
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economic priorities with market opportunities through data analysis, qualitative input 

from key private and civic stakeholders, and broader market intelligence.” Its ultimate 

goal is to use limited resources more efficiently so that metro areas gain greater returns 

by establishing global connectivity. The six steps are as follows: 1) Organize for action, 

2) Select a priority specialization, 3) Set the goal, 4) Measure global market opportunity 

within the specialization, 5) Factor in market accessibility, and 6) Combine and 

synthesize the data.  Building on the suggested process, we stipulate that city planners 

should have a comprehensive understanding of the global value chain in which the 

metropolitan area is involved. The value chain approach analyzing upstream, midstream, 

and downstream of the value chain activities provides a clear picture of the metropolitan 

global connectivity. To statistically support our claim that this industry specialization is 

nationally distinct, we mainly used location quotient (LQ), which reflects the relative 

geographic competitiveness of industry compared to other domestic cities and is widely 

used in academic research (Delgado et al., 2014; Turkina & Van Assche, 2018). LQ 

calculates the industry’s share of the regional variables (e.g., employment, innovation 

outputs, FDI inflows) across that of the nation (e.g., for Philadelphia, the United States). 

Therefore, LQ = 1 suggests that the concentration of an industry in the region is at an 

average level of the nation, and LQ > 1 indicates the industry in a region is above the 

nation’s average (see Figure 2). 

 

Figure 2.  

Equation of the Location Quotient 

   𝐿𝑜𝑐𝑎𝑡𝑖𝑜𝑛 𝑄𝑢𝑜𝑡𝑖𝑒𝑛𝑡
𝐿𝑜𝑐𝑎𝑙 𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛

𝑁𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛
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Before launching the project, Team Philadelphia assembled a core team to include 

the private sector (business leadership groups, industry associations, Chamber of 

Commerce), political support (government, elected officials, economic development 

executives), and research partners (universities, consultants, industry experts, data 

providers). Ultimately, the core team consisted of members from the City of Philadelphia 

Department of Commerce, World Trade Center Greater Philadelphia, and the Greater 

Philadelphia Chamber. For detailed data analysis and academic insights, international 

business scholars from a local research university also participated in the project. This 

team could not include members from the private sector, so they conducted multiple 

interviews in order to understand their point of view. 

  

Upstream Value Chain Analyses 

Once organized, the team started the project by examining their regional industrial 

context and deciding which segments should be the focus for market prioritization. In 

order to make the best use of limited resources and ensure distinctiveness in a highly 

competitive global market, city planners should identify the most innovative, distinct, and 

globally relevant industry of the local economy. We first analyzed various factors in the 

upstream of the value chain activities in Philadelphia, such as employment and 

innovation activities. 

Patent data are established measures of innovative activities, not only because of 

its availability but also because of its broad relevance and utility (Griliches, 1990; Singh 

& Fleming, 2010; Mudambi & Swift, 2014). Specifically, Team Philadelphia mainly 

examines USPTO (the United States Patent and Trademark Office) data. We analyze top 
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patent assignees in Philadelphia, from 2008 to 2012 (see Table 8).  

Table 8.  

Top Patent Assignees in Philadelphia, 2008-2012 

 

Assignees 
Number of 
patents 

Percent 
Sub technology category of the 
assignee 

Du Pont Nemours and 
CO.E.I. 

1221.46935 40.11% 
Macromolecular chemistry 19.09% 
Basic material chemistry 17.22% 

University of Pennsylvania 257.19682 8.45% 
Organic fine chemistry 40.3% 
Biotechnology 26.51% 

Merck Sharp and Dohme 142.42802 4.68% 
Organic fine chemistry 70.49% 
Basic material chemistry 17.25% 

Janssen Pharmaceutica 115.10837 3.78% 
Organic fine chemistry 76.59% 
Pharmaceuticals 22.81% 

Interdigital Acquisition Inc. 98.42523 3.23% 
Digital communication 90.09% 
Telecommunications 5% 

GlaxoSmithKline LLC. 87.07987 2.86% 
Organic fine chemistry 80.94%, 
Basic material chemistry 19.06% 

Arkema Inc. 68.64394 2.25% 
Macromolecular chemistry 37.11% 
Basic materials chemistry 27.75% 

Rohm and Haas CO. 65.28317 2.14% 
Macromolecular chemistry 51.32% 
Basic materials chemistry 43.70% 

Synthesis GMBH 63.60728 2.09% Medical technology 100% 
Globus Medical 61.94734 2.03% Medical technology 100% 

We refer to information on assignee names as well as their patent classes in order 

to evaluate innovative activities within Philadelphia. Du Pont Nemours, Merck Sharp and 

Dohm, Janssen Pharmaceutica, GlaxoSmithKline, Arkema, and Rohm and Haas are top 

assignees in biotechnology or related industries. Remarkably, the University of 

Pennsylvania also concentrates its innovative activity on organic fine chemistry and 

biotechnology, contributing to the development of the industry. As a side note, Butamax 

Advanced Biofuels and Pioneers Hi Bred International also contribute to innovation in 

biotechnology. Among the 3045.586 Philadelphia patents during the period 2008–2012, 

biotechnology accounted for 9.04% of total patents. Specifically, Du Pont Nemours 

(131.670 patents), Trustees of the University of Pennsylvania (68.194 patents), and 
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Butamax Advanced Biofuels (41.2511 patents) are key players in this sub-category. We 

further analyze the 2008–2012 location quotient, changes in location quotient from the 

2003–2007 period to the 2008–2012 period, and the number of patents by industry (see 

Figure 3). 

The X-axis represents percentage changes, the Y-axis indicates industry 

concentration (i.e., location quotient), and the bubble size represents the number of 

patents. Therefore, larger circles located in the top-right of the graph represent industries 

with superior innovative outputs. The results support our claim that biopharmaceuticals 

should be Philadelphia’s market prioritization sector. The pioneering industries are basic 

material chemistry, biotechnology, organic fine chemistry, macromolecular 

chemistry/polymers, pharmaceuticals, medical technology, and chemical engineering. 

As both pharmaceuticals and biotechnology are highly innovative sectors in the 

Philadelphia metropolitan area and are knowledge-intensive industries (DeCarolis & 

Deeds, 1999; Owen-Smith & Powell, 2004), we invest more time in analyzing patent data 

and these industries’ global competitiveness. By assessing patent data at the global level, 

we can also select potential partner cities with which to share knowledge and human 

resources to foster innovation in these industries. To analyze the industry’s global 

competitiveness, we refer to REGPAT patent data by OECD since analyzing U.S.-based 

patent data may provide biased results (Maraut et al., 2008). According to our analysis of 

REGPAT patent data (2008–2012), Philadelphia is ranked on 29th in biotechnology, and 

48th in pharmaceuticals in terms of the number of patents (see Table 9).
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Figure 3. 

Bubble Graph Representing Patenting Activities of Philadelphia by Industry 
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Table 9.  

REGPAT Patent Data Analysis in Biotechnology and Pharmaceuticals 

Biotechnology Pharmaceuticals 

Rank City Avg LQ Patents Rank City Avg LQ Patents 

1 Des Moines 124.523 12.727 1 Kaohsiung 1.500 8.939 

2 Brasilia 11.007 8.158 2 Kagoshima 7.911 7.162 

3 Wenzhou 0.036 7.805 3 Kunming 8.301 6.987 

4 Madison 127.283 4.935 4 Sapporo 26.492 5.903 

5 Alexandria 0.583 4.460 5 Birmingham (US) 22.059 5.381 

6 San Juan 4.367 4.239 6 New Haven 72.474 5.101 

7 Baltimore 232.210 4.142 7 Macau 1.781 5.089 

8 Durham 209.265 4.025 8 Riyadh 0.478 4.439 

9 Sacramento 134.247 3.977 9 Hyderabad (IN) 35.255 4.303 

10 Leipzig-Halle 57.952 3.725 10 El Paso, TX 3.958 4.267 

11 Kagoshima 9.757 3.702 11 Jakarta 3.340 4.247 

12 Washington 425.530 3.473 12 Winnipeg 14.153 4.183 

13 Salvador 0.167 3.202 13 Wulumuqi 3.576 3.971 

14 Winnipeg 25.498 3.158 14 Mumbai 56.703 3.689 

15 Boston 1406.366 3.136 15 Chongqing 17.154 3.636 

16 Sapporo 32.810 3.064 16 Changchun 5.764 3.632 

17 St. Louis 176.973 3.057 17 Durham 76.048 3.491 

18 Kumamoto 23.335 2.967 18 Baltimore 81.371 3.463 

19 Omaha 18.933 2.933 19 Kumamoto 10.833 3.287 

20 Little Rock 9.521 2.834 20 Tianjin 28.395 3.251 

21 Delhi 39.774 2.772 21 Little Rock 4.464 3.171 

22 Naples 29.559 2.764 22 Fortaleza 0.327 3.097 

23 Warsaw 28.095 2.677 23 Basel-Mulhouse 170.744 3.011 

24 Jeddah-Mecca 5.183 2.625 24 Rome 40.943 2.969 

25 Buenos Aires 8.945 2.604 25 Madison 31.520 2.916 

26 Arnhem-Nijmegen 98.374 2.598 26 Barcelona 87.235 2.857 

27 Copenhagen-Malmö 503.800 2.571 27 Boston 519.239 2.763 

28 Honolulu 14.608 2.570 28 Mexico City 14.492 2.762 

29 Philadelphia 564.242 2.567 29 New Orleans 10.864 2.760 

30 Worcester 115.563 2.522 30 Delhi 15.048 2.503 
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Table 10.  

REGPAT Patent Data Analysis in Biotechnology-related Industries 

All related industries 

Rank City 
Avg 
LQ 

Patents 

1 Tokyo 0.925 14695.712 

2 Boston 1.479 6509.081 

3 New York 1.420 6093.830 

4 Osaka-Kobe 1.136 6081.958 

5 Seoul-Incheon 0.573 5038.152 

6 San Francisco 1.256 4911.847 

7 Philadelphia 2.106 3850.471 

8 Minneapolis 1.368 3753.329 

9 Los Angeles 0.964 3666.495 

10 San Diego 1.172 3361.308 

11 Köln-Düsseldorf 1.571 3175.300 

12 Paris 0.792 3078.715 

13 Frankfurt am Main 1.690 2683.695 

14 San Jose 0.589 2404.841 

15 Houston 1.411 2396.300 

16 Karlsruhe 1.904 2367.970 

17 Chicago 0.756 2093.448 

18 Basel-Mulhouse 2.173 2012.092 

19 Copenhagen-Malmö 1.413 2010.926 

20 Eindhoven-Den Bosch 0.359 1996.400 

21 Shanghai 1.409 1869.503 

22 Cincinnati 1.865 1792.168 

23 Brussels 1.848 1507.445 

24 London 1.121 1475.944 

25 Washington 1.393 1388.829 

26 Daejon 1.108 1327.986 

27 Beijing 0.983 1259.178 

28 Rotterdam-Amsterdam 1.155 1227.849 

29 Nagoya 0.494 1156.545 

30 Milan 1.167 1053.730 
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However, when we consider biopharmaceuticals in a broader perspective by 

including basic material chemicals, biotechnology, macromolecular chemistry, medical 

technology, organic fine chemistry, and pharmaceuticals, Philadelphia ranks 7th, 

representing its strong innovative output as a biopharmaceutical hub (see Table 10). 

Therefore, we assert that Philadelphia’s innovative activities are concentrated in 

foundational industries that give rise to the biopharmaceutical industry, and globally 

competitive.  

We also consider the employment data from U.S. Bureau of Labor, from 2013 to 

2016 as another factor upstream in the value chain. The result suggests that employment of 

Philadelphia in pharmaceutical and medicine manufacturing (NAICS 3254) is continually 

decreasing (See Figure 4).  

 

Figure 4.  

Employment trends in the Biotechnology and the Pharmaceutical Industry 
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Employment in this traditional industry decreased from 1091 in 2013 to 790 in 

2016. However, employment in the Philadelphia city center still demonstrates relative 

competitiveness in this emerging industry (LQ = 4.39 in 2016): Employment in this field 

increased by 55% in 2015 and 132.8% in 2016, showing the core city is hiring more 

people in this industry. As of 2016, the number of people employed in R&D in 

biotechnology is 3,511, which is more than 4.44 times of the people working in the 

pharmaceuticals and medicine manufacturing industries. 

Ever since SmithKline founded its analytical laboratory in 1893, the Philadelphia 

metropolitan area has been competitive in the pharmaceuticals and medicine industry. 

However, our upstream value chain analyses suggest that prospering biotechnology 

eventually leads to biopharmaceuticals. Based on a comprehensive analysis of patent and 

employment data, Team Philadelphia concludes that the biopharmaceutical industry is the 

critical sector that can take advantage of Philadelphia’s strengths both past and present. 

 

Midstream Value Chain Analyses 

Regarding the midstream value chain analyses, we conduct in-depth studies of the 

inflows and outflows of foreign direct investments (FDI) in terms of both direction and 

amounts. FDI is often considered the most dedicated form of internationalization for 

multinational enterprises, highlighting a firm’s willingness to enter to expand in a foreign 

market with strong managerial commitment and dedication (Johanson & Vahlne, 1977). 

First of all, Financial Times’ fDi Market data allowed us to analyze FDI inflows to 

Philadelphia, from 2009 to mid-2015 (see Figure 5).  
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Figure 5. 

Philadelphia FDI inflows by the Sector 

 

 

 

Electronic components, pharmaceuticals, transportation, biotechnology, and 

alternative/renewable energy are the top five industries that have attracted foreign direct 

investments. However, when we focus on more recent years (2013–mid-2015), 

biotechnology accounted for 20% of total FDI, followed by transportation, financial 

services, plastics, and business services. Interestingly, all FDIs in electronic components, 

chemicals, and alternative/renewable energy were made in earlier years, and no 

investments were made during the 2013–mid-2015 period. Investments in 

pharmaceuticals also decreased significantly in recent years, while those in biotechnology 

continue to increase. 
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Table 11. FDI Inflows to Philadelphia, 2009-2015 mid 

Flow Value (US mil.) to Philadelphia 2009 2010 2011 2012 2013 2014 2015 Total 

Biotechnology 83.182 0 1.758 0.305 28.772 67.500 0 181.517 

    China 0 0 0 0 28.772 67.500 0 96.272 

    Japan 83.182 0 0 0 0 0 0 83.182 

    Netherlands 0 0 1.758 0 0 0 0 1.758 

    Spain 0 0 0 0.305 0 0 0 0.305 

Chemicals 0 6.507 6.412 86.159 0 0 0 99.078 

    Belgium 0 0 6.412 0 0 0 0 6.412 

    Germany 0 0 0 77.920 0 0 0 77.920 

    India 0 6.507 0 0 0 0 0 6.507 

    Japan 0 0 0 8.240 0 0 0 8.240 

Medical Devices 0 0 0 0 6.158 0 0 6.158 

    Germany 0 0 0 0 6.158 0 0 6.158 

Pharmaceuticals 6.031 319.267 8.687 0 0 5.800 0 339.785 

    Austria 0 0 0 0 0 1.600 0 1.600 

    France 1.664 0 0 0 0 0 0 1.664 

    Germany 4.367 0 0 0 0 0 0 4.367 

    Israel 0 314.859 0 0 0 0 0 314.859 

    Poland 0 4.408 0 0 0 0 0 4.408 

    United Kingdom 0 0 8.687 0 0 4.200 0 12.887 

Total 89.212 325.774 16.856 86.464 34.931 73.300 0 626.538 
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Table 12. Global Top 20 FDI Destinations by Industry 

Rank Biotechnology 
FDI in 

USD mil. 
%  Rank Pharmaceuticals 

FDI in 
USD mil. 

% 

1 Shanghai 1526.66 16.12%  1 Singapore 4409.464 19.32% 

2 Singapore 968.816 10.23%  2 Boston 1851.065 8.11% 

3 Suzhou 856.123 9.04%  3 Shanghai 1801.782 7.89% 

4 Boston 541.911 5.72%  4 Suzhou 815.896 3.57% 

5 Beijing 518.425 5.48%  5 Beijing 766.959 3.36% 

6 Washington 506.035 5.34%  6 Toronto 737.731 3.23% 

7 Munich 463.802 4.90%  7 New York 636.677 2.79% 

8 Wuxi 451.776 4.77%  8 Dallan 625.119 2.74% 

9 Seattle 229.804 2.43%  9 Brussels 567.786 2.49% 

10 
Frankfurt am 
Main 

224.709 2.37%  
10 

Rio de Janeiro 462.94 2.03% 

11 San Diego 218.269 2.31%  11 Barcelona 452.364 1.98% 

12 Philadelphia 181.517 1.92%  12 Guangzhou 418.38 1.83% 

13 Karlsruhe 164.244 1.74%  13 Montreal 397.745 1.74% 

14 Montreal 156.79 1.66%  14 San Francisco 358.373 1.57% 

15 New York 151.492 1.60%  15 Philadelphia 339.785 1.49% 

16 Seoul-Incheon 131.26 1.39%  16 Atlanta 337.074 1.48% 

17 Portland 125 1.32%  17 London 325.662 1.43% 

18 Berlin 123.276 1.30%  18 Tianjin 317.117 1.39% 

19 Istanbul 114.269 1.21%  19 Hangzhou 315.621 1.38% 

20 Nanjing 108.656 1.15%  20 Mexico City 298.968 1.31% 

  World Total 9468.438      World Total 22827.416   
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In addition, Team Philadelphia analyzed countries investing in 

biopharmaceutical-related industries in order to select a potential partner city. We first 

evaluated FDI inflows to Philadelphia in biotechnology, chemicals, medical devices, and 

pharmaceuticals (see Table 11) because we highlighted biopharmaceuticals as a key 

industry for the future. China and Japan were two key investors in biotechnology, and 

Israel was the major investor in pharmaceuticals, investing more than 300 million USD in 

2010. Germany was the top investing country in chemicals and provided FDIs in 

pharmaceuticals and medical devices as well. 

As we did for the patent data, team Philadelphia decided to assess global 

competitiveness of the biopharmaceutical sector in terms of FDI. The team analyzed the 

global top 20 FDI destinations from 2009 to mid- 2015. In biotechnology, the top five 

cities accounted for 46.596% of the total FDI and they are all in Asia, except for Boston. 

Boston is the leader among other U.S. cities, both in terms of biotechnology and 

pharmaceuticals (see Table 12). Philadelphia ranks 12th in biotechnology and 15th in 

pharmaceuticals, highlighting the city’s global competitiveness. 

The analyses of global competitiveness in FDI attraction highlighted 

Philadelphia’s strengths and weaknesses when compared to top-tier global cities. Based 

on the results, Team Philadelphia decided to benchmark leading metropolitan areas in 

order to set the city’s goal. Accordingly, Team Philadelphia selected Boston as a 

benchmark target, as it is the only U.S. city made top five FDI destination in both of 

biotechnology and pharmaceutical industry. Boston is also on the East Coast of the 

United States and a valid example of a benchmark for Philadelphia. As a top-tier global 

city, Boston attracts investments from various countries. European countries, such as 
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France, Netherlands, and the U.K., are key investors in Boston’s biotechnology industry 

(see Figure 6). Ireland and Switzerland are top investors in pharmaceuticals, but their 

investments were mostly made in 2009 and 2010. On the other hand, France, the United 

Kingdom, and the Netherlands are three dominant investors in biotechnology, and their 

investments were mostly made after 2010. When compared to Boston, Philadelphia relies 

only on a few dominant investing countries. It does not get as much attention from 

European cities as an FDI destination, even though imports and export volume with these 

countries accounts for a significant part of the Philadelphia trade. 

Therefore, after aggregating several interviews and data analyses, Philadelphia set 

its goal to attract more FDIs and facilitate innovation in the biopharmaceutical sector. 
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Figure 6. 

Comparison between Boston and Philadelphia’s FDI Investors, 2009–2015 mid 

Philadelphia Boston
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Downstream Value Chain Analyses 

We mainly assess the trade of Philadelphia for downstream connectivity analyses. 

Trade data also indicates which sector contributes to the associated economy and how 

each sector is globally connected. Specifically, a high volume of exports to a partner 

country represents the existence of well-established connectivity and a profitable market, 

while import volume indicates potential partnership as well as rivalry within the sector. 

Due to the lack of fine-grained, city-level trade data, we refer to data from Brookings 

(Istrate & Marchi, 2012). The report is based on Brookings’ own analysis of data from 

the U.S. Bureau of Economic Analysis (BEA), U.S. Bureau of Labor Statistics (BLS), 

International Revenue Service (IRS), and Moody’s Analytics. The data show that the 

Philadelphia metropolitan area ranks 5th among the U.S. cities, in terms of real exports in 

pharmaceuticals from 2009 to 2016 (see Table 13). Specifically, the pharmaceutical 

industry in Philadelphia remains the top industry by real export volume in 2016. 

In order to highlight trade partners, the most accessible source is the U.S. Census 

Bureau data for the International Trade Administration (ITA) at the state level. As the 

data are not available at city-to-city levels, we used trade data from Pennsylvania as a 

proxy for Philadelphia, assuming that its overall imports and exports would be 

meaningful within the framework of pharmaceuticals and medicines. As a side note, we 

acknowledge that the results can be biased by 1) including other metropolitans within 

Pennsylvania, such as Pittsburgh and Allentown, and 2) excluding some parts of the 

Philadelphia metropolitan area those are not within the state of Pennsylvania, like 

Wilmington, DE, and Camden, NJ. However, we expect the state-level data to provide 

brief footprints within the pharmaceuticals and medicines industry. One solution to this 
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Table 13. 
Pharmaceutical Sector Real Exports Rankings of U.S. Metropolitan Area, 2009–2016 
 

Rank MSA 
Total Real 
Export (mil.) 

Location 
Quotient 

1 New York-Newark-Jersey City, NY-NJ-PA 58243.453 1.829 
2 Indianapolis-Carmel-Anderson, IN 39303.884 10.501 
3 Los Angeles-Long Beach-Anaheim, CA 27394.225 1.150 
4 San Francisco-Oakland-Hayward, CA 24378.003 2.481 
5 Philadelphia-Camden-Wilmington, PA-NJ-DE-MD 22994.028 2.772 
6 Chicago-Naperville-Elgin, IL-IN-WI 21602.264 1.373 
7 Durham-Chapel Hill, NC 15393.955 10.393 
8 Boston-Cambridge-Newton, MA-NH 13145.111 1.337 
9 Oxnard-Thousand Oaks-Ventura, CA 11676.837 8.167 

10 Dallas-Fort Worth-Arlington, TX 11555.949 0.865 
11 San Diego-Carlsbad, CA 11549.381 2.237 
12 Raleigh, NC 8757.7855 5.296 
13 Washington-Arlington-Alexandria, DC-VA-MD-WV 5987.2974 0.902 
14 Vallejo-Fairfield, CA 5613.753 13.718 
15 St. Louis, MO-IL 5459.0816 1.384 
16 Bridgeport-Stamford-Norwalk, CT 4952.9219 2.255 
17 Evansville, IN-KY 4721.9293 5.160 
18 Baltimore-Columbia-Towson, MD 4711.0846 1.605 
19 Charlotte-Concord-Gastonia, NC-SC 4557.6464 1.151 
20 Houston-The Woodlands-Sugar Land, TX 4135.6941 0.218 
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Table 14.  

Exports of Pharmaceuticals and Medicines from Pennsylvania  

 

All in mil. USD 

   

Exports       
Rank Partner 2012 2013 2014 2015 2016  

1 
United 

Kingdom 
341.114 277.318 289.613 671.850 687.766 

 
2 Netherlands 196.745 271.123 323.633 332.307 388.240  
3 Canada 379.592 314.101 265.413 230.361 270.089  
4 Belgium 14.930 145.038 144.326 299.137 264.770  
5 Switzerland 262.959 168.841 134.109 174.497 172.309  
6 Ireland 27.397 37.128 66.308 182.635 140.866  
7 Germany 81.395 56.730 94.085 76.910 107.365 

 
8 Brazil 41.694 40.385 120.550 56.554 96.317  
9 France 104.904 115.279 92.804 97.795 93.705  

10 Japan 90.832 70.579 76.755 93.068 83.692  
11 Singapore 64.911 73.014 81.385 60.806 82.065  
12 Mexico 181.489 216.648 240.021 217.449 74.661  
13 Australia 49.953 60.120 46.063 35.251 61.468  
14 Argentina 10.001 18.894 52.688 43.691 55.446  
15 South Korea 28.488 25.618 43.765 121.958 53.396  
16 Italy 30.218 45.240 25.359 31.902 52.734 

17 Israel 69.109 118.402 15.902 41.659 38.552 
18 India 12.801 14.455 27.806 24.672 37.051  
19 Taiwan 6.547 7.306 19.489 34.986 30.584  
20 Colombia 25.140 10.380 21.297 20.466 25.806  
  World 2,477.273 2,550.649 2,506.614 3,137.058 3,105.339  



Dissertation                                                                                                
Hwansung Ju 

64  

Table 15.  

Imports of Pharmaceuticals and Medicines to Pennsylvania  

All in mil. USD 

 

 

 

   

Imports       
Rank Partner 2012 2013  2014 2015 2016 

1 Israel 4,711.462 4,672.112  3,553.113 4,850.792 3,859.284 
2 Switzerland 394.695 622.348  2,040.981 2,249.487 3,404.672 
3 Germany 506.670 988.552  1,632.805 1,859.592 2,452.503 
4 Ireland 850.210 498.386  652.942 1,004.490 829.539 
5 India 179.562 147.482  217.760 261.246 800.518 
6 Canada 650.407 546.154  674.186 621.479 686.458 

7 
United 

Kingdom 
964.159 913.197 

 
896.552 1,174.138 674.124 

8 Finland 317.158 304.559  383.980 481.023 543.215 
9 Belgium 909.706 1,368.505  1,139.168 984.936 467.867 
10 Austria 85.527 103.357  125.992 163.363 434.833 
11 Australia 10.105 8.522  75.331 79.947 360.653 
12 Italy 102.089 216.711  140.256 215.011 303.674 
13 Netherlands 272.136 177.506  169.454 118.921 259.213 
14 France 257.237 522.695  249.972 209.376 252.626 
15 Croatia 134.304 142.079  147.571 195.098 168.290 

16 
Czech 

Republic 
136.207 117.253 

 
120.023 132.023 136.224 

17 China 24.370 51.045  44.913 62.245 102.764 
18 Japan 74.876 81.386  41.862 114.206 92.462 
19 Singapore 53.472 12.501  24.334 37.012 61.812 
20 Spain 18.251 16.307  23.736 29.169 37.835 
  World 10,728.611 11,606.447  12,464.283 14,972.983 16,027.141 
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problem can be using the PIERS database, which draws information from Bill of Ladings 

issued over time and shows which products are traded between two parties (buyer and 

seller). However, it is a private database, and Team Philadelphia did not have access. 

Table 14 and Table 15 show that the United Kingdom, Netherlands, Canada, 

Belgium, and Switzerland are ranked as the top five destinations for Pennsylvania’s 

Pharmaceuticals and Medicines exports for the past five years. Notably, exports to the 

United Kingdom, Netherlands, and Belgium increased from 2012 to 2016, while those to 

Canada and Switzerland decreased. On the import side, Israel, where TEVA 

Pharmaceutical Industries is headquartered, maintained its lead over the five years 

followed by Switzerland, Germany, Ireland, and India. Imports from Switzerland and 

Germany also continued to increase, and India also made a big leap in 2016. Overall, the 

trade data shows that seven out of ten countries are European countries in both rankings. 

Specifically, the United Kingdom, Switzerland, Germany, and Ireland are key trading 

partners in exports and imports. This demonstrates that Pennsylvania is part of the 

pharmaceutical GVC and actively interacts with its partners (Mudambi, 2007, 2008). 

 

Additional Analyses 

Establishing and maintaining a relationship with a foreign city depend on various 

factors, and the partnership decision should practically consider cost and ease of doing 

business, institutional ties, languages, regulations, and geographical distances. Therefore, 

city planners should also consider factors that are not considered in the value chain 

analyses, but still important in achieving the goal. Specifically, Team Philadelphia 

studied the current ties of firms and institutions in Philadelphia, the existence of World 
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Trade Centers within the city, languages, cultural distances, number of international 

students from the target city, number of direct flights, and so on. 

In this paper, we introduce our analysis of existing firms’ ties. We mainly refer to 

two different sets of data. First, we examine top patent assignees within the Philadelphia 

metropolitan area and explore their locations and existing networks. Among the top-

ranked assignees in biopharmaceuticals and related fields, Janssen Pharmaceutica 

(Beerse, Belgium), GlaxoSmithKline (London, U.K.), and Arkema (Colombes, France) 

are headquartered in foreign countries and can imply potential partnerships with the cities 

(see Table 16). 

Table 16. 

Leading Innovators in Philadelphia and Headquarter Locations 

 

Assignee Name Current Headquarter 

Du Pont Wilmington, DE 

University of Pennsylvania Philadelphia, PA 

Merck and Co Kenilworth, NJ 

Janssen Pharmaceutica Beerse, Belgium 

GlaxoSmithKline London, UK 

Arkema Columbes, France 

Rohm and Haas Philadelphia, PA 

Wyeth New York, NY 

Siemens Medical Solutions USA Malvern, PA 

Bristol-Myers Squibb New York, NY 

 

Additionally, we refer to the pharmaceutical/biotechnology firm’s existing alliances. An 

alliance can be defined as “any independently initiated interfirm link that involves 
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exchange sharing or co-development” (Gulati, 1995). It includes different kinds of 

contracts, such as joint ventures, R&D or production agreements, marketing or 

distribution agreements, or technology exchange (Lahiri & Narayana, 2013). 

Additionally, according to real options theory (Kogut, 1991; Tong et al., 2008), alliances 

or joint ventures can be a step toward expanding overseas activities. By analyzing a 

firm’s alliance data, we can better understand their international network, which might 

not be observable from market-based data alone. We refer to SDC Platinum data from 

2010 to 2017, which include comprehensive lists of strategic alliances and joint ventures 

announced. Specifically, we consider a partnership related to pharmaceuticals when at 

least one participant belong to SIC code of 2833 (Medical chemicals and botanical 

products), 2834 (Pharmaceutical preparations), 2835 (In vitro and in vivo diagnostic 

substances), 2836 (Biological products except for diagnostic substances), or 8011 

(Offices and clinics of doctors of medicine). In order to choose global partner cities, we 

refer to announced alliances or joint ventures with partners located outside the United 

States. For example, our data set includes a strategic alliance formed by the University of 

Pennsylvania and Novartis AG (Basel, Switzerland), established for R&D and 

commercialization of immunotherapies. The results suggest that pharmaceutical firms in 

the Philadelphia area have the most alliances and joint ventures with companies in 

Germany (11) and the U.K. (11). At the city level, Tokyo (4) has the most partnerships 

with firms in Philadelphia, followed by London (3) and Basel (3). 

Finally, Team Philadelphia also accounts for 1) sister cities (Frankfurt, Germany; 

Tel Aviv, Israel; Tianjin, China; Incheon, South Korea; Kobe, Japan; Florence, Italy; 

Abruzzo, Italy; Aix-en-Provence, France; Torun, Poland; Nizhny Novgorod, Russia; 
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Douala, Cameroon), and 2) other institutional ties such as recent Trade Office or Science 

Center opening in Philadelphia (Quebec, Canada; Tianjin, China). 

 

Regional and Urban Innovation Systems, Connectivity and Global Linkages 

Globalization has affected socioeconomic activities in essentially every part of the 

world. However, different countries, regions, and cities have experienced this 

phenomenon at different paces and scales. Accordingly, a decline in between-country 

differences has been frequently accompanied by within-country polarization, with highly 

differentiated trends and performance among different regions and cities (Iammarino & 

McCann, 2013). Furthermore, while expanding international connectivity has benefited 

many cities and regions, the specific nature of related collaboration may sometimes be 

beneficial to foreign firms at the expense of local stakeholders (Berman et al, 2020). 

Specifically, the ability of local firms to engage inventors in international markets (i.e., 

reaching-out) is likely to enhance firm positioning and competitiveness, thereby 

benefiting local economic activity and prosperity. On the other hand, the form of 

international collaboration where foreign firms engage local inventors for development 

projects (i.e., reaching-in) may enhance the competitiveness of foreign firms without a 

direct benefit to local economic activity (Tödtling & Trippl, 2005). Therefore, from an 

urban policy perspective, it is imperative to promote the reaching-out form of 

collaboration. Specifically, emphasis should be placed on enacting policies that stimulate 

local organizations to source innovation from international regions, utilize cutting-edge 

global knowledge to enhance their competitiveness, thus supporting the local economy.   
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We examine 15 years of patenting activity in Philadelphia and Boston to evaluate 

and compare the association among various forms of cross-border collaboration and city-

level economic development. Specifically, we collect patenting data on patents that 

involve organizations and/or individual inventors who domicile in Philadelphia or Boston 

urban area for the 2001–2015 timeframe. We then segment total patents into those that 

reflect cross-border innovation co-development processes (i.e., patents where assignee 

organization and/or at least one of co-inventors domicile in both the city area of 

Philadelphia or Boson and an international area). We further segment total patents into 

those that reflect the (1) reaching-in process (i.e., a patent that are owned by foreign 

assignee firms but have at least one co-inventor who is domiciled in Philadelphia or 

Boson), and (2) reaching-out process (i.e., patents that are owned by local Philadelphia or 

Boson organizations with at least one co-inventor who is domiciled internationally).  

The results of our analysis indicate that patenting activity in the Boson area 

increased much faster during the 15-year period from 2001-2015 when compared to that 

of Philadelphia. More importantly, while annual patenting activity that reflects 

international connectivity (i.e., Reaching-in and Reaching-out) increased by 79% in the 

Boston area, whereas such activity declined by 17% in Philadelphia. Furthermore, the 

reaching-out form of co-invention in the Boston area increased by 65% during the study 

period, whereas reaching-out in the Philadelphia area declined by 35% (see Tables 17 and 

18). 
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Table 17. 
International Connectivity and the changes over the year 2001 to 2015, Philadelphia 
 

   total  Reaching in 
Reaching 
in % 

Reaching out 
Reaching 
out % 

2001  690  8  1.159%  95  13.768% 

2002  691  8  1.158%  78  11.288% 

2003  584  7  1.199%  56  9.589% 

2004  537  8  1.490%  53  9.870% 

2005  527  10  1.898%  46  8.729% 

2006  588  21  3.571%  45  7.653% 

2007  568  15  2.641%  37  6.514% 

2008  563  13  2.309%  47  8.348% 

2009  594  20  3.367%  53  8.923% 

2010  652  27  4.141%  64  9.816% 

2011  696  39  5.603%  50  7.184% 

2012  697  34  4.878%  51  7.317% 

2013  798  27  3.383%  52  6.516% 

2014  924  19  2.056%  89  9.632% 

2015  812  23  2.833%  62  7.635% 

Total  9921  279  2.812%  878  8.850% 

       

    

  
Int 

Connectivity 
Int 

Connectivity %   
   Total Patents 2001 ‐ 2015 

2001  103  14.928%    18% 
2002  86  12.446%   

  

2003  63  10.788%   
  

2004  61  11.359% 
 

   International Connectivity 
2001 ‐ 2015 

2005  56  10.626%    ‐17% 
2006  66  11.224%   

  

2007  52  9.155%   
  

2008  60  10.657%       Reaching‐Out 2001 ‐ 2015 
2009  73  12.290%    ‐35% 
2010  91  13.957%   

  

2011  89  12.787%   
  

2012  85  12.195%    Reaching‐In 2001 ‐ 2015 
2013  79  9.900%    188% 
2014  108  11.688%      
2015  85  10.468%      
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Table 18.  
International Connectivity and the changes over the year 2001 to 2015, Boston 

   total  Reaching in 
Reaching 
in % 

Reaching out 
Reaching 
out % 

2001  913  33  3.614%  75  8.215% 

2002  877  32  3.649%  70  7.982% 

2003  909  29  3.190%  59  6.491% 

2004  892  24  2.691%  59  6.614% 

2005  862  28  3.248%  69  8.005% 

2006  841  28  3.329%  56  6.659% 

2007  985  35  3.553%  71  7.208% 

2008  911  29  3.183%  71  7.794% 

2009  968  30  3.099%  100  10.331% 

2010  1050  42  4.000%  104  9.905% 

2011  1128  37  3.280%  116  10.284% 

2012  1440  68  4.722%  148  10.278% 

2013  1599  50  3.127%  157  9.819% 

2014  1667  85  5.099%  135  8.098% 

2015  1664  69  4.147%  124  7.452% 

Total  16706  619  3.705%  1414  8.464% 

    

  
Int 

Connectivity 
Int 

Connectivity %   
   Total Patents 2001 ‐ 2015 

2001  108  11.829%    82% 
2002  102  11.631%   

  

2003  88  9.681%   
  

2004  83  9.305% 
 

   International Connectivity 
2001 ‐ 2015 

2005  97  11.253%    79% 
2006  84  9.988%   

  

2007  106  10.761%   
  

2008  100  10.977%       Reaching‐Out 2001 ‐ 2015 
2009  130  13.430%    65% 
2010  146  13.905%   

  

2011  153  13.564%   
  

2012  216  15.000%    Reaching‐In 2001 ‐ 2015 
2013  207  12.946%    109% 
2014  220  13.197%      
2015  193  11.599%      
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These results indicate that Philadelphia firms remain path-dependent and inward-

looking, and do not engage international resources in their development processes. This 

also likely points to a lack of incentives for local stakeholders in Philadelphia to engage 

in cross-border innovation development activities. This innovation-related dynamic likely 

contributes to the relative economic matters of both cities, wherein Boston has 

demonstrated superior performance in key economic and prosperity indicators such as 

GDP growth, growth in GDP per capita, and the rate of unemployment (see Table 19).  
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Table 19.  

Comparison on economies of Philadelphia and Boston 

 

 

Year Philadelphia Boston Philadelphia Boston Philadelphia Boston Philadelphia Boston Philadelphia Boston Philadelphia Boston Philadelphia Boston

2001 307643348 286818266 53.8 64.7 5,713,954         4,432,132         5.50% 3.5% 41.03% 40.00%

2002 309999515 286303896 0.766% ‐0.179% 54.0 64.5 0.250% -0.357% 5,743,383         4,440,034         6.60% 4.9% 20.00% 40.00%

2003 323249073 294087036 4.274% 2.718% 56.0 66.3 3.724% 2.842% 5,773,864         4,434,723         6.80% 5.4% 3.03% 10.20%

2004 336224288 303059668 4.014% 3.051% 57.9 68.5 3.464% 3.278% 5,804,535         4,424,956         6.50% 4.7% ‐4.41% ‐12.96%

2005 339246392 310664832 0.899% 2.509% 58.2 70.3 0.473% 2.670% 5,829,139         4,418,046         6.10% 4.3% ‐6.15% ‐8.51%

2006 341404985 315164204 0.636% 1.448% 58.3 71.2 0.173% 1.235% 5,856,125         4,427,356         5.70% 4.2% ‐6.56% ‐2.33%

2007 352706013 324976499 3.310% 3.113% 60.0 73.1 2.853% 2.639% 5,882,126         4,447,838         5.60% 4.0% ‐1.75% ‐4.76%

2008 359897412 327216743 2.039% 0.689% 60.9 73.0 1.611% -0.104% 5,906,917         4,483,141         6.40% 4.6% 14.29% 15.00%

2009 348184288 325615980 ‐3.255% ‐0.489% 58.6 71.9 -3.818% -1.458% 5,941,539         4,527,220         9.00% 7.1% 40.63% 54.35%

2010 354539138 340446586 1.825% 4.555% 59.4 74.6 1.324% 3.659% 5,970,899         4,566,348         9.50% 7.0% 5.56% ‐1.41%

2011 357108791 348153680 0.725% 2.264% 59.6 75.5 0.299% 1.300% 5,996,232         4,609,790         9.60% 6.1% 1.05% ‐12.86%

2012 365407564 356854846 2.324% 2.499% 60.7 76.6 1.977% 1.469% 6,016,616         4,656,593         9.70% 5.6% 1.04% ‐8.20%

2013 367719017 358488456 0.633% 0.458% 61.0 76.2 0.407% -0.531% 6,030,134         4,702,877         9.10% 5.6% ‐6.19% 0.00%

2014 376396673 365032742 2.360% 1.826% 62.3 76.9 2.085% 0.881% 6,046,382         4,746,931         7.40% 4.9% ‐18.68% ‐12.50%

2015 383847586 380880796 1.980% 4.342% 63.4 79.7 1.804% 3.656% 6,056,816         4,778,340         6.60% 4.1% ‐10.81% ‐16.33%

2016 387978856 388346340 1.076% 1.960% 64.0 80.8 0.912% 1.309% 6,066,661         4,809,061         6.10% 3.4% ‐7.58% ‐17.07%

2017 385818977 398750645 ‐0.557% 2.679% 63.5 82.4 -0.751% 1.985% 6,078,522         4,841,772         5.80% 3.3% ‐4.92% ‐2.94%

2018 392231712 414346347 1.662% 3.911% 64.4 85.3 1.450% 3.531% 6,091,208         4,859,536         5.30% 2.9% ‐8.62% ‐12.12%

2019 401231953 423725910 2.295% 2.264% 65.7 87.0 2.106% 1.981% 6,102,434         4,873,019         5.20% 2.5% ‐1.89% ‐13.79%

*thousands of chained 2012 dollars

Average:  1.500% 2.201% 1.130% 1.666% 6.97% 4.64%
Increase 2001‐2019 6.8% 9.9%

Unemployment

Rate Change
Real GDP*

Change in

Real GDP

Real GDP

per capita*

Change in

Real GDP per capita

Unemployment

Rate
Population



Dissertation                                                                                                                                
Hwansung Ju                                                                                                                                    

 

74 
 

 

Combining the Results 

With the preset goals in mind, the project team members exploit data as well as 

qualitative insights from industry experts and firms in order to identify international 

counterparts with the highest opportunity for exchange within their target specialization. 

This analysis is based on the value chain approach that evaluates innovation activity, 

employment, investment activity, trade activity, and other factors based on the goal of the 

city. However, there is no master key that applies to every local circumstance, and each 

city’s metro may approach summarizing, combining, and most importantly, weighing 

inputs differently. This is where the insights and expertise of experienced team members 

should take the lead, guided by policy considerations of economic development 

practitioners and stakeholders. Based on the nature of the industry and its goals, 

Philadelphia weighed each factor as shown in Table 20. 

 

Table 20.  

Weights Assigned to Each Category 

Category Weight Key criteria 
Trade and market expansion 8.75% Exports, Imports, market expansion 
Existing and potential FDI 33.75% FDI flows, FDI to Boston (potential) 
Innovation 2.50% Patenting Activities 
Existing Alliances 5% Alliances of firms in Philadelphia 
Macroeconomic 20% FTA, Regulation 
Geography 10% Flight distance, Direct flight number 
Political Factors 10% Foreign representation, Missions 
Cultural Proximity 10% Exchange students, Foreign born 

 
 
After taking considering all factors at this stage, there were changes in rankings 

amongst the top 12 candidate cities (see Table 21). London and Toronto rose to the 1st and 
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5th ranks from the 2nd and 8th, respectively. These are due to geographical proximity (in 

terms of distance and number of direct flights), cultural factors (languages and cultural 

distances), and ease of doing business. For Canada, the existence of NAFTA made the 

country a more attractive potential partner of Philadelphia. On the other hand, although a 

“proximity approach” could pull Shanghai away, it is still ranking high. Strong 

macroeconomic factors (economic growth rate and stable exchange rate to the USD), 

local political appetite (support for many outbound and inbound missions) cultural factors 

(strong student community and Chinese- born population in town). 

 
 

Conclusions 

Since each city has different resources, capabilities, strengths, and weaknesses, 

inter-city connectivity is critical to further developing their respective business 

ecosystems (Bathelt et al, 2004; Trippl, et al., 2009). Building on the Brookings 

Institution’s Global Cities Initiative 2.0, we suggest a template assessing potential global 

partner cities. By suggesting an actual case of Philadelphia as an example, we show how 

to analyze its global connectivity from different dimensions such as FDI, trade, 

innovation activities, and current partnerships with other cities. In the upstream, we study 

the innovation activities of Philadelphia; the findings suggest that pharmaceutical-related 

sectors are core industries in which the city has strength. In the mid-stream, we examine 

various business activities, including international joint ventures, foreign direct 

investments, and imports. Finally, in the downstream, we focus on exports and other 

macro-economic factors, to see how they flow globally and how the countries are related. 

Overall, the results highlight that the biopharmaceutical industry is the core industry in
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Table 21. 

Final Potential Partner Cities Rankings 

City Country 
Final 
Rank 

Industry 
Priorities 

Macro-
economic 

Geography 
Political 
Factors 

Cultural 
Proximity 

London 
United 

Kingdom 
1 2 4 2 5 2 

Frankfurt Germany 2 1 10 6 2 6 

Shanghai China 3 5 3 11 3 1 

Tokyo Japan 4 3 5 10 8 10 

Toronto Canada 5 8 2 1 7 5 

Basel-Mullhouse Switzerland 6 4 6 7 10 11 

Tel Aviv Israel 7 9 1 9 1 8 

Paris France 8 7 11 4 6 7 

Rotterdam-
Amsterdam 

Netherlands 9 6 12 5 12 9 

Dublin Ireland 10 10 7 3 4 4 

Mumbai India 11 12 8 12 9 3 

Copenhagen-Malmö  Denmark 12 11 9 8 10 12 
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which Philadelphia should concentrate its resources and efforts. Analyses of 

existing and potential connectivity with other cities suggest that London, Frankfurt, and 

Shanghai are top potential partner cities to further develop the core industry. 

We expect this paper to provide practical guidelines and help metropolitan leaders 

make strategic choices in global markets. We also alert researchers that lack of detailed 

data not only hampers academic research (Taylor et al., 2002) but also detracts from 

practitioners’ strategic decision-making ability. As Team Philadelphia’s case highlights, 

lack of city-to-city level data hampers accurate analysis. In such cases, city leaders have 

no way but to 1) adopt appropriate proxies, and/or 2) find qualitative evidence supporting 

their decisions. Researchers and data experts should reassure the needs of more fine-

grained data, and attempt to find solutions to existing weaknesses.  

This paper also contributes to the GVC literature via inclusive and comprehensive 

analyses of the global value chain in which a city is involved. Only a handful of studies 

offer a systematic view of location-specific advantages and global value chain network 

(McWilliam et al., 2019), as this area is relatively new and understudied. But firms and 

geographic locations are interdependent, affecting the development and prosperity of 

each other (Cano-Kollmann et al., 2016) and making this a critical area of study. As state 

governments are playing more important roles in the global market, this external 

embeddedness of a firm should not be neglected aspect in GVC literature. Considering 

this “multiple-embeddedness” nature of firms and location (Meyer et al., 2011; Schotter 

et al., 2017), it is meaningful to understand global value chain from a city planner’s point 

of view to provide a new perspective for co-evolution theory (Cano-Kollmann, et al., 

2016). As Gereffi (1999) asserts, participating in the global value chain upgrades the 
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cluster and offers a better business ecosystem for multinational firms. We hope the global 

value chain analyses will lead to future studies that develop co-evolution between MNEs 

and global cities.  
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CHAPTER 4 

HARD NETWORK AND SOFT NETWORK: 
A STUDY ON PUBLIC TRANSPORTATION SYSTEM AND INVENTOR 

NETWORK IN METROPOLITAN AREAS 

 

Introduction 

Public transportation systems (PTS) play vital roles in connecting people, firms, 

and resources within metropolitan areas. As cities attract more people and firms, their 

size and boundary of cities have been grown along with the public transportation 

network. Interestingly, even with numerous people around the world get to own their 

cars, city planners are promoting their citizens to take public transportations instead of 

personal vehicles as a way of reducing pollution (Gendron-Carrier et al., 2018). For 

example, Oslo removed 700 parking lots within the city, and Paris prohibited citizens 

from driving on certain days (Schrank, 2019). Accordingly, the role of public 

transportation within metropolitan areas is becoming more and more important.  

By graphically showing public transportation routes, inventor locations, and 

inventors’ co-inventing activities on maps, we attempt to study how the transportation 

network affects the locations of the inventors and their collaboration endeavors in their 

innovation activities. Additionally, with the sudden and dramatic changes in the nature of 

public transportations and global cities due to the COVID-19 pandemic, we propose how 

the pandemic would affect the role of PTS. As we have not come back to normal from the 

COVID-19 era, it may be early to draw conclusions. However, the pandemic has 

significantly altered our daily lives, it is inevitable to assess the expected consequences.  

In this paper, we provide implications for city planners looking to make a more 

efficient public transportation system that supports the innovation ecosystem of the city. 
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We also attempt to help managers of multinational firms better understand inventor 

networks within metropolitan areas and make their location choices more effectively. 

 

Literature Review 

Role of Public Transportation System in Metropolitan Area 

Public transportation system (PTS) plays a critical role in linking people and 

their economic activities within a metropolitan area (Litman, 2007; Banerjee et al., 2012), 

further improving the economic performance and expanding the size of the city. 

Accordingly, scholars in urban planning have intensively studied the role of public 

transportation in cities.  

Litman (2007) claims “accessibility” is the ultimate goal of transport activity in 

the urban system, designed to help people reach places, goods, services, and activities. He 

added that efficient and accessible transportation systems are very complex to design and 

understand because of the many relevant factors (e.g., mobility, quality, affordability, 

connectivity). Consequently, most public transportation networks are not equally 

accessible to each citizen in a metropolitan area, nor do citizens consider the PTS equally 

important (Beimborn et al., 2003; Welch, 2013). In general, the public transportation 

network is established denser in the central and further connects a central city to its 

suburban area. According to Beimborn et al. (2003), the users of the public transportation 

system can be categorized into “choice users” who have an option to choose superior one 

between the public transportation or automobile service, and “captive users” who only 

can use the public transportation. The authors further stipulate that the travel time 
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differences between the two options are not an important factor to the choice of users in 

their transit mode decision (Beimborn et al., 2003).  

Previous studies also suggest that the economic status of passengers can differ 

based on their sub-regions of a metropolitan area. Glaeser et al. (2008) stipulate that the 

higher poverty rate in the U.S. central cities (19%, compared to 7.5% in the suburbs) 

comes from better access to the PTS. People with lower income consider public 

transportation as one of the necessities and willing to pay slightly higher housing costs of 

the central city. A more recent study also suggests that transit connectivity and 

accessibility are more equally distributed among low-income housing units (Welch, 

2013), as many “captive users” who consider public transportations essential are more 

likely to domicile nearby the public transportation networks. Heilman (2018) further 

studies this relationship and claims that with better access to public transportation in 

suburban areas, poorer people can still commute to their workplaces in higher 

productivity (central city) while relocating themselves to areas with lower housing costs.  

On the other hand, without the expansion of the public transportation network, 

people in poverty are more likely to stay in the central city. In this manner, scholars 

stipulate that decentralization of the city is another major role of public transportation 

systems (Gonzalez-Navarro & Turner, 2018; Heblich et al., 2020). Larger metropolitans 

are more likely to have more developed PTS that drastically decentralize people from the 

city center to the suburban areas and expand the border of metropolitan areas. Gonzalez-

Navarro and Turner (2018) assert that the construction of extensive subway systems 

decentralizes people from city centers to suburban areas while affecting little on the 

overall population of the broader metropolitan area. Heblich et al. (2020) support this 
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claim by utilizing economic models showing that establishing a railway network 

decentralizes the broader metropolitan area. Specifically, the authors claim that reduce in 

travel time following railway network construction leads to a decline in population in the 

city center, while the employment and overall productivity of the city increase. The 

findings indicate that development in public transportation drives not only the 

decentralization of the population but also the separation of the workplace with higher 

productivity (central city) and the residence (suburban areas), enhancing the overall 

economic value of the metropolitan business ecosystem. As a consequence, we expect 

that characteristics between the city center and suburban areas become more distinct with 

better-developed public transportation systems. In this manner, investing in the 

development of public transportation is likely to provide greater benefits to lower income 

individuals but little benefit to people in extreme poverty, suggesting that lack of 

transportation was not a major issue for their job opportunities (Serulle & Cirillo, 2016).  

Some scholars claim that the public transportation systems also have negative 

effects on the associated city (Baum-Snow, 2007; Glaeser et al., 2008; Nail, 2015; Pathak 

et al., 2017), and whether the PTS plays positive or negative roles varies among cities 

(Kahn, 2007). Since the claims of scholars are mixed in this regard, it is necessary to 

understand the dark side of the socio-economic role of public transportation as well. 

Kahn (2007) claims that establishing public transportation network changes the nature of 

people within the metropolitan area by through the inflow of more people and businesses 

(i.e., gentrification - Glass, 1964; Kennedy & Leonard, 2001). Even though gentrification 

typically increases the value of the land, scholars claim that gentrification itself can be a 
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social issue triggering economic, cultural, health, and racial problems (Levy et al., 2007; 

Zuk et al., 2018; Mujahid et al., 2019).  

Following the claim that PTS enables poorer people commute to their 

workplaces in higher productivity while relocating themselves to areas with lower 

housing costs (Heilman, 2018), Alshuler and Luberoff (2003) assert that the NIMBY – or 

“Not In My Back Yard” – phenomenon is one of the major downsides of public 

transportation network expansion. The authors claim that a higher crime rate, traffic, 

noise, and unwanted attraction of lower-income households lead to NIMBY. Lower 

commuting costs from the suburban area led to higher levels of segregation in education, 

race, and income within the region (Bayer & McMillan, 2012). When considered along 

with the gentrification (Glass, 1964; Kahn, 2007) and poverty magnet effects (Glaeser et 

al., 2008; Pathak et al., 2017) of public transportation networks, scholars argue that the 

PTS enhances income segregation (Baum-Snow, 2007; Bayer & McMilan, 2012) and 

political polarization (Nail, 2015) along the routes.  

To summarize, despite some negative aspects, the roles of public transportation 

on “accessibility” and “decentralization” helps firms located in central cities expand their 

job market pools towards broader metropolitan areas, and towards more diverse people. 

By hiring people from diverse backgrounds, we believe that the economic and innovative 

outputs of the firms will be further enhanced (Florida, 2014). Banerjee et al. (2012) 

empirically show that regions that are close to public transportation networks tend to 

have moderately higher levels of GDP per capita across sectors, lower-income equality, 

and a higher number of firms. Gibbons and Machin (2005) and Billings (2011) also 

support this claim by showing that that economic activity becomes relatively 
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concentrated along subway routes. More firms are located along the public transportation 

route, and the economic activities are more vibrant. 

 

Innovation and Diverse Nature of Cities 

Even though scholars have examined the diverse socio-economic roles of public 

transportation, the role of PTS on the associated knowledge network has not been studied 

as much. A few scholars have studied the relationship between other types of 

infrastructure and knowledge transfer networks. For example, Cieślik and Kaniewska 

(2004) identify a positive and statistically significant relationship between 

telecommunications infrastructure and the level of income of Polish regions. The authors 

explain that the development of telecommunication infrastructure helps faster acquisition 

and dissemination of information within the area. Malecki (2002) also study the 

relationship between knowledge interaction (soft network) and internet access (hard 

network). However, scholars have rarely addressed the relationship between public 

transportation networks and innovation networks within metropolitan areas.  

Previous literature on innovation suggests that collaboration among diverse 

innovating people and firms serves as sources of external knowledge, enhancing the 

quality of the innovation outputs (March, 1991). The collaboration also reduces the 

failure rate of the innovation endeavors (Singh & Fleming, 2010) and motivates firms to 

search for new knowledge outside their boundaries (Henderson, 1993). The drivers of 

collaboration among inventors have been one of the key topics in innovation management 

studies. Zucker and Darby (1996) analyze the patenting activities of “star scientists” and 

highlight their role as connecting nodes. They further argue that it is difficult to create 
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breakthrough innovation without exploring diverse knowledge sources, thus outlining the 

importance of inventor connectivity. Scholars also suggest that universities play their role 

as “talent magnets” connecting people with diverse backgrounds in innovation activities 

(Porter, 1991; Balconi et al., 2004; Marotta et al., 2008). Stuart and Ding (2006) also 

claim that the entrepreneurial activities of academic scientists can be affected by various 

actors, such as current and previous cohorts in the same department, co-authors, and other 

workplace characteristics. While suggested literature studied the role of the university 

and academic scholars in connecting innovating people, few scholars have assessed the 

relationship between the public transportation network systems and the inventor location 

as well as their collaborations.  

As Florida claims, cities can produce innovation in higher quality and quantity, 

as people with diverse backgrounds are residing in a dense area (Florida, 2002, 2014). 

Therefore, we expect that the public transportation system that plays its role in 

connecting the diverse people would have an impact on inventor location and 

collaboration within a city. In this paper, we assess the relationship between the 

development of the urban public transportation system and the inventor connectivity in 

the associated city.  

In summary, we expect that people with diverse demographic characteristics will 

reside alongside the public transportation network. Additionally, with a more developed 

public transportation system (e.g., extended network to suburban areas, subway systems, 

etc.), more people will have better access to firms (i.e., job opportunities) in the central 

city, and the core city assumes distinct characteristics for its high productivity. Likewise, 

firms will enjoy a more diverse talent pool within the broader metropolitan area when the 
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associated city has extensive PTS. Therefore, we stipulate that people in the central city 

and suburban areas will have better connectivity along public transportation routes. 

 

Data and Research Design 

Scholars attempt to calculate and understand the efficiency and connectivity of 

public transportation systems (Mishra et al., 2012; Welch, 2013; Welch & Mishra, 2013; 

Reggiani et al., 2015; Mishra et al., 2015). However, as the authors admit, it is a complex 

task that needs to account for various factors, such as types, route, stops, fares, capacity, 

frequency, schedule, and even demographic and spatial activity patterns of the users. 

Therefore, the most commonly used way is to visualize the PTS network on a map in 

order to show the connectivity.  

In this paper, we utilize ArcGIS Pro software to graphically illustrate the 

relationship between inventor networks and public transportation systems within 

metropolitan areas. We refer to the USPTO patent applications in 2008 that include at 

least one inventor domicile in major northeastern cities – New York, Boston, 

Philadelphia, and Pittsburgh in 2008. We choose the year 2008 to ensure stability and 

availability of detailed information (e.g., patent class) of USPTO data. It takes several 

years for patents to be granted following the application, and it takes up to seven to eight 

years to receive industry categorization. Most of the patents applied in 2008 were 

categorized, making it easier to understand the results within/across industries. We did 

not include foreign cities in the sample because the role of transportation systems and 

patent data validity may differ by country. Additionally, we exclude Washington D.C., 

the capital of the U.S., as the city has a particular pattern of innovation based on military 
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technology driven by the government– navy, marine, air force. To map each inventor 

accurately, we utilize inventors’ latitude and longitude data from Patentsview.org. 

Furthermore, in order to understand connectivity among the inventors, we refer to the 

coinventor network information of the USPTO. We draw lines between coinventors to 

illustrate the innovation network on the map of each city.  

The map of the public transportation routes and stops is available online, 

uploaded by many formal/informal organizations. For example, we utilize the map of the 

public transportation in New York uploaded by MTA (Mass Transportation Authority), 

and the SEPTA network in Philadelphia available at the Montgomery County Council 

website.  

We recognize that New York City and Philadelphia are located close to the 

borders of two states (New York City – New York and New Jersey, Philadelphia – 

Pennsylvania and New Jersey). Since we are interested in the impact of public 

transportation and inventor connectivity, the transportation routes outside the associated 

state are not considered. Additionally, Pittsburgh does not have a train mass transit 

system, and the buses in the city are the key public transportation.  

Since analyzing all patents greatly complicates the overall picture, we choose a 

specific industry for the analyses to highlight the relationship between PTS and 

innovation network more clearly. Moreover, this method can be replicated in different 

industries in future studies. We observe that the drugs and medicine (pharmaceutical 

industry) category is considered the key innovation sector of the four cities. Even for 

New York, a city considered the hub of finance, the drug, and medicine sector accounts 
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for 12.45%. The sector ranks 3rd in terms of the number of patents in the metropolitan 

area, followed by computer and communication (35.21%) and design (28.6%).  

 

Results 

Our results gesture toward the relationship between PTS networks and inventor 

locations. Figures 1 show our analyses on the inventor locations and the public 

transportation network in New York City, Boston, Philadelphia, and Pittsburgh. As noted, 

New York and Philadelphia are two cities that are close to the state borderline, and the 

public transportation in the neighboring state – New Jersey in both cases – are not 

depicted. Overall, we observe the coinventors of people living in the central cities are 

concentrated in the nearby regions, and the density gets lower as the distance from the 

city center increases (See Figure 7). Additionally, many of the inventors reside alongside 

the public transportation routes, though this observation is not clear enough to make 

conclusions. 

We conduct hotspot analyses based on the number of patents in each region. The 

hotspot analyses further support that the innovation activities are equally distributed 

along the public transportation routes in these three cities (See Figure 8). New York and 

Philadelphia maps show that patenting activities are vibrant along with the public 

transportation network, while some outer state activities exist. The map of Boston 

highlights that the urban-suburban inventor connectivity is more dominant along the 

dense public transportation routes, while the density gets weaker outside the network. 

Notably, the hotspot analysis on Pittsburgh represents a lower level of inventor proximity 

when compared to the three cities and they are not as well-connected near the PTS.
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Figure 7.  

Relationship between public transportation network and inventor location in New York, Boston, Philadelphia, and Pittsburgh, 2008 

    

   



Dissertation                                                                                                                                
Hwansung Ju                                                                                                                                    

 

90 
 

Figure 8.  

Hotspot analyses of patenting activities in New York, Boston, Philadelphia, and Pittsburgh, 2008 
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Additionally, most of the innovation activities are concentrated in the city center 

of Pittsburgh. Scholars argue subways and railways help cities decentralize, allowing 

more people to live in suburban areas (Gonzalez-Navarro & Turner, 2018; Heblich et al. 

2020), and we believe that Pittsburgh inventors are not very well-distributed partly due to 

the lack of a train network.  

The inventors’ locations and their connectivity measured by co-patenting 

activities are illustrated in Figure 9. Each map shows the inventor locations and their 

urban-suburban co-patenting activities in New York, Boston, Philadelphia, and 

Pittsburgh, respectively. We can observe that collaboration endeavors among the 

inventors weaker in Pittsburgh, while most of the inventor connectivity is established 

alongside the public transportation routes.  

Figure 9 illustrates overall patenting activity in the four cities, but it may seem too 

complicated due to too many patenting activities are represented in each map. Therefore, 

we replicate the above analyses on innovation activities in pharmaceutical industries 

(USPTO patent class 424 and 514). As Figure 10 shows, connectivity among inventors in 

the pharmaceutical industry once again highlights the importance of well-developed PTS 

in connecting inventors. Remarkably, many of the patents outside the public 

transportation routes are not directly connected to the city center. Rather, most patents 

with inventors outside the public transportation network have at least one more inventor 

that is within the transit routes. We claim that this result provides additional evidence for 

the positive impact of public transportation networks on local inventor connectivity.
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Figure 9.  

Inventor connectivity in New York, Boston, Philadelphia, and Pittsburgh, 2008 
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Figure 10.  

Inventor connectivity of pharmaceutical industry in New York, Boston, Philadelphia, and Pittsburgh, 2008 
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Impact of the COVID-19 Pandemic 

Global cities have been particularly vulnerable to pandemics (e.g., the Black 

Plagues, the Cholera, the Spanish Flu, etc.) due to high population density and numerous 

international travelers that may spread the virus across the country borders. Even the 

metropolitan areas have suffered from viruses in a short term, most of the global cities 

got rebounded from the hardship in a long term. However, recent literature suggests that 

the impact of COVID-19 would be somewhat different and may change the lives of 

residents in metropolitan areas (Florida et al., 2020). With accessible and advanced 

communication technology, people can avoid physical contact with others and work 

remotely at home in order to avoid the virus. Therefore, Florida and the coauthors (2020) 

anticipate that social scarring - “The fear instilled by the pandemic may pull citizens apart 

and cause people to avoid crowded spaces for a certain period.” -  of people due to 

COVID-19 may last longer than the previous pandemic.  

The underlying assumption of our claim is that metropolitan area benefits from 

the tight connectivity and concentration of diverse people, firms, and supporting services 

(Porter, 2001; Florida, 2014). Specifically, people and firms are co-located in a dense 

area, and they share information either consciously (e.g., building a partnership) or 

unconsciously (e.g., buzz effect and face-to-face communication) within the city. 

However, the recent COVID-19 pandemic undermines dense connections of global cities, 

and daily lives in metropolitan areas have changed. For example, most people prefer to 

stay away from crowds to maintain social distance. Additionally, many employees lost 

their jobs or started working from home. As a consequence, worker communication, 

collaboration, and evaluation have changed dramatically (Greve, 2020). Greve (2020) 
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asserts that scholars should re-consider underlying assumptions of the traditional 

literature that we have rarely questioned. The author adds that the routines of the business 

can be changed or reestablished when we work from home. Accordingly, scholars call for 

new assumptions, concepts, and theories to be established in the pandemic era (Greve, 

2020; Muzio & Doh, 2020). As the metropolitan area and public transportation network 

are especially vulnerable to the pandemic, we cannot avoid addressing the ongoing 

changes and making estimations on how the current relationship would change. 

It is very difficult to make general conclusions because the impact of COVID-19 

can be very context-specific. First, some industries or tasks may have less impact on the 

pandemic than others. The pandemic has undermined the profitability of many offline 

businesses (especially tourism, hospitality, sports, and performing arts), while some 

sectors benefited from the pandemic. For example, video-communication services, 

streaming services, and couriers profited from the “new normal” post-COVID-19 (Muzio 

& Doh, 2020). Second, the impact may differ across different geographic regions. As the 

hub for the information technology industry, the San Francisco area shows an 

impressively low COVID infection rate even though the city is the second densest city in 

the United States (Kahn and Marinucci, 2020). It is considered that as many of the 

workers in Silicon Valley and most of their tasks can be done remotely, without taking 

risks to be in an office (Florida et al., 2020). Additionally, modularizable tasks can be 

done more effectively, while the productivity of tasks that require close collaboration and 

interaction is severely diminished during the pandemic era (George et al., 2020). Finally, 

scholars also stipulate that firms with better digital communication technologies higher 

resilience during disruptions like the COVID-19 pandemic (Autio et al., 2021). 
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At the personal level, responses to the pandemic also vary across different 

geographical regions and income levels. People may change their residences, traveling 

patterns, and ways of commute. As the evidence we observe much fewer people walking 

in the metropolitan area, and either voluntarily or forced to, many of the stores are closed 

in a city. Consequently, many of the employees lost their jobs. Specifically, Bureau of 

Labor Statistics data shows that unemployment rates of the four major cities in the 

Northeast have been more than doubled from the year 2019 to 2020 (See Table 22).  

 

Table 22.  

Unemployment rate in year 2019 and 2020, Bureau of Labor Statistics 

 

 

 

Eventually, we expect fewer chances for residents to engaged and interact with 

other people even within the city. Public transit was considered a key virus transmitter, 

but Harris (2020) claims that most passengers did not travel long enough to get infected. 

He asserts that the seriousness of the risk depends on the length of the travel and types of 

transport. The Metropolitan Transportation Authority (MTA) data support this claim by 

showing that drivers and conductors of public transportation experienced much higher 

rates of COVID-19 infections (MTA, 2021). As North America’s largest transportation 

network, the MTA released valuable data on the users of the subway, bus, railways, 

bridges, and tunnels before and after the COVID-19 pandemic. The number of subway 

  Philadelphia Pittsburgh New York Boston 

2019 5.2% 4.4% 3.6% 2.5% 

2020 11.4% 9.2% 11.1% 8.2% 
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passengers was measured using MetroCard and OMNY swipes and taps, ticket sales (e.g., 

monthly, weekly, daily, etc.), and estimates of cash fares paid. We utilize the MTA data 

and compare the change in the number of passengers before and after the COVID-19 

pandemic. The data suggest that ridership of public transportation in New York has been 

reduced by about 60% compared to the same period of the previous year (See Table 23).  

 

Table 23.  

Changes in the number of New York transportation users – from 2020 to 2021 

  Jan. Feb. Mar. Sub total Total 
Subway and Railways -70.10% -69.00% -67.08% -68.65% 

-59.17% Buses -53.15% -53.73% -51.53% -52.72% 
Tunnels and Bridges -17.96% -24.23% -12.93% -18.10% 

 

Specifically, the analyses indicate that significantly fewer people used not only 

public transportations (e.g., subway, bus, railways, etc.) but also tunnels and bridges. 

Notably, public transportation ridership decreased at a higher rate than users of tunnels 

and bridges. The data suggest that 1) people attempted to stay at home, either due to the 

layoffs or social scarring, and 2) many individuals switched methods of transportation 

from public transportations to personal vehicles. We believe that this trend significantly 

undermines the roles of public transportation (and the metropolitan area overall) in 

connecting people.  

More interestingly, we could observe that people living in the city center and the 

peripheral areas show different responses to the pandemic, regarding their ways of 

traveling. Our findings suggest that the number of users of public transportation within
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Figure 11.  

Changes in the number of passengers in New York PTS between 2020 and 2021 

 

 

 

 

 

 

 

LIRR Jan. Feb. Mar. Total

‐76.67% ‐77.49% ‐73.13% ‐75.63%

Subway Jan. Feb. Mar. Total

‐69.26% ‐67.93% ‐66.29% ‐67.76%

Metro North Jan. Feb. Mar. Total

‐79.65% ‐80.82% ‐76.82% ‐79.00%
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central New York City decreased less compared to use of the Long Island Rail Road and 

Metro-North running the surrounding areas of the city (Figure 11). Specifically, while the 

NYC metro running in the central city showed a 67.76% decrease in the number of 

passengers, Metro-North and LIRR, which run in the suburban areas, suffered even more 

significant reductions in usage (-79.00% and -75.63%, respectively).  

This finding supports Glaeser et al. (2008), which claim that city centers attract a 

higher number of poor people because of their superior access to the public transportation 

system. These “captive users” have no choice but to use public transportation for travel 

(Beimborn et al.,2003), and many of their jobs are low-paid service jobs that cannot be 

operated online at home (Florida et al., 2020). On the other hand, the higher number of 

public transport passengers in the Long Island and Northern areas are “choice users” that 

can take personal vehicles instead, as the total traffic of the tunnels and bridges are not as 

significantly affected. Furthermore, even in the city center, wealthy people who can work 

remotely and move to a second home also have a better chance to avoid contagion. 

According to Quealy (2020), 40 percent of the population decreased in well-off 

neighborhoods in Manhattan in March and April of 2020. The NYC Department of 

Health and Mental Hygiene data also suggest that both COVID-19 cases and the 

associated death rates of Manhattan were significantly higher in lower-income areas than 

higher-income areas (Florida et al., 2020). Furthermore, Hart (2020) claims that the 

population moved to their second home are very unlikely to come back as long as the 

pandemic and trend of work-from-home last, which indicates that the impact of COVID-

19 may last longer than we expected.  
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As a result, it is obvious that the pandemic has changed the ways people use 

public transportation, and even the roles of connecting broader metropolitan areas. Those 

who have suffered most from the COVID-19 pandemic are the poorly paid service 

workers (e.g., restaurant servers, cleaners, and drivers of the public transportations), who 

have no other options but to take long public transit commutes. Therefore, we expect that 

the role of public transportation will be more significantly undermined for people with 

higher income and the ability to work remotely. Thus, our claim that public transportation 

systems play an important role in connecting different types of people may have been 

undermined during the pandemic, considering most public transport passengers are more 

likely to be captive users with jobs that cannot be performed online (e.g., low-paid 

service sector). As the pandemic’s impact differs between central cities and suburban 

areas, each region may have even more diverse and distinct characteristics. However, 

connectivity within the broader metropolitan area will weaken during the COVID-19 era, 

and the overall creativity and diversity aspects of the inventor network may be damaged.  

 

Conclusion and Future Studies 

In this paper, we assess the importance of public transportation networks in the 

location and connectivity of inventors in metropolitan settings. Specifically, we 

graphically show that public transportation networks are related to the inventor's location 

as well as their collaboration endeavor. Our results indicate that inventors in a city with a 

more developed transportation system better connects the inventors who reside alongside 

the public transportation routes. We further stipulate that the urban-suburban connectivity 

enhances the quality of the associated innovation as heterogeneities among the inventors 
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serve as sources of creativity and diversity. Overall, we claim that better-developed 

public transportation systems are more likely to connects diverse people, eventually 

creating higher quality outputs. We expect the results to provide managerial implications 

to managers in knowledge-intensive industries, in terms of where to locate their offices 

and R&D facilities. Additionally, our findings will help urban planners to design public 

transportation systems as well as R&D policies that support them. 

However, we expect this relationship to drastically change due to the COVID-19 

pandemic. The pandemic has altered not only the ways in which inventors collaborate but 

also patterns of public transportation users. Although it may be too early to conclude the 

effect of COVID-19, many scholars claim that the underlying assumptions of traditional 

theories have been undermined by its effects. The studies on the new-normal suggest that 

the connectivity between the city center and the suburban areas has gotten weaker due to 

the pandemic. The pandemic has led to polarization at a metropolitan level, and some 

suburban areas may be detached from the broader metropolitan area, showing completely 

different characteristics from the city center. However, this effect is not equally spread 

across industries or countries. We claim that industries and jobs that can be worked at 

home, which often feature people with higher income and companies with a higher level 

of digital communication technology, will be least affected. Accordingly, knowledge-

intensive innovation activities will be affected less by the pandemic by their nature, but 

the connectivity that enables collaboration among diverse inventors may be damaged. 

Some developed countries enjoy a higher rate of vaccinations, and people expect 

a return to normal life soon. With efforts to return to normal life underway, both cross-

sectional collaboration within private parties and cooperation between private and public 
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sectors point to potential solutions (Greve, 2020; George et al., 2020; Mudambi et al., 

2020; Moreira et al., 2021). However, we observe increasing polarization at the 

international level. As of June 2021, Some countries believed to have herd immunity are 

enjoying life without facial masks, while others are experiencing a record-high number of 

COVID-19 cases per day. Dr. Tedros Ghebreyesus Adhanom, the director of the World 

Health Organization (WHO) invited more countries to solidarity by saying, “Countries 

that are now vaccinating younger, healthy people at low risk of disease are doing so at the 

cost of the lives of health workers, older people and other at-risk groups in other 

countries” (UN News, 2021). According to an article from The New York Times, more 

than 30 countries have not even administered a single shot of the vaccine as of March 

22nd. Countries that return to normal life later than others (more likely low-income 

countries) are expected to lose access from/to other countries, and we expect this 

vaccination polarization will enhance the trend of “winner-takes-all” economic 

geography. It is thus critical to assess how this polarization caused by “vaccine 

nationalism” will and is affecting economic, innovation, cultural, and political 

connectivity across countries during/after the pandemic.  

We are still under the COVID-19 era and the available data are still too nascent to 

dive deep enough. Especially, when it comes to innovation activities, it may take several 

more years to obtain stable patent data. Furthermore, as Rao and Greve (2018) stipulate, 

the major impact of a pandemic will be observed decades later. Therefore, we expect 

future studies to address how our findings to be changed after the COVID-19 pandemic. 
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CHAPTER 5 

CONCLUSION 

 

The traditional international business literature has recognized the importance of 

various forms of connectivity. Scholars have suggested insightful directions for analyzing 

the connectivity among economic actors (Hymer, 1976; Rugman, 1980). With the 

availability of better and more fine-grained data applied to the concept of “clusters”, the 

scope of analyses has been shifting from the country level to the sub-national level 

(Porter, 1990; Lorenzen & Mudambi, 2013; Goerzen et al., 2013). Furthermore, while 

scholars made meaningful progress in the understanding of connectivity, the empirical 

findings remain mixed (Beaudry & Schiffauerova, 2009; Lorenzen & Mudambi, 2013), 

highlighting the need for more analyses of the subject. Therefore, assessing the roles of 

varius types of connectivity at an urban level presents an opportunity to make a valuable 

contribution to existing theories. My dissertation reflects the ongoing shift in the 

paradigm of international business, by utilizing conceptual frameworks from the 

economic geography literature to study the relevance of connectivity to important 

business-related processes and outcomes at the urban level.  

At the sub-national level, metropolitan areas have been a hot topic for both 

researchers and policymakers, due to their superior economic and innovative outputs. 

Scholars claim that diverse people, firms, and services are concentrated within 

metropolitan areas, and tight connectivity among them is the key to their exceptional 

performance (Porter, 1990; Florida, 2014). Assessing diverse aspects of city-level 

connectivity is critical to more accurate and applicable findings in this domain. In my 
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dissertation, I assess internal, external, and infrastructural connectivity at a metropolitan 

level. By addressing limitations in the understanding of different facets of connectivity 

and their role in important economic and innovation-related processes, I expect this 

dissertation to contribute not only to theory but also to important matters of both policy 

and practice. Specifically, this study develops the theory of innovation by highlighting 

the important role of intra-metropolitan connectivity and regional economic performance. 

It also presents unique empirical evidence with respect to the role of connectivity, GVC 

activities, and urban infrastructure that can be utilized for managerial strategizing, as well 

as urban and regional policy development.  

In Chapter 1, I evaluate how connectivity among inventors living in city 

centers and suburban areas relates to the quality of the associated innovation-related 

outputs. I stipulate that distinct demographic differences between people from the two 

sub-regions serve as a source of creativity and diversity. My analysis of USPTO patent 

data suggests that co-invention between two groups of inventors is associated with 

higher quality innovation outputs. I further claim that domestic firms and small to 

medium-sized firms get more benefits from this intra-metropolitan connectivity. In 

Chapter 2, I study how urban planners may be able to enhance innovation-related 

outcomes by utilizing the global value chain activities of firms and organizations. By 

incorporating Dunning’s eclectic paradigm and global value chain theory, I provide 

specific and executable guidelines to city planners. In Chapter 3, I examine how 

various forms of public transportation networks (such as rail lines and bus routes) 

contribute to innovators’ propensity to engage in collaborative development efforts. 

The results suggest that the inventor's location, as well as their collaboration 
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endeavors, are located along “harder” public transportation lines like trains, whose 

routes are difficult to change. This essay further assesses the impact of the COVID-19 

pandemic, which drastically changed our daily lives in many aspects. 

Overall, I claim that a metropolitan area’s internal, external, and infrastructural 

network significantly affects its competitiveness. Throughout this dissertation, I confirm 

that both hard networks and soft networks are key to enhancing the economic and 

innovative performance of the city (Malecki, 2001). Notably, as of the year 2021, we 

observe a significant change in our daily lives due to COVID-19. As scholars suggest, we 

may have to adjust existing theories as the pandemic has called several underlying 

assumptions into question (Greve, 2020; Florida et al., 2020). It is obvious that the 

connectivity of a city will be also significantly weakened, regardless of the types, 

directions, and strengths. Florida et al. (2020) mention that the pandemic will enhance 

polarization within subregions of a city and even expect that some of the suburban areas 

may be detached from the central metropolitan area due to the pandemic. When it comes 

to the innovation network particularly, I expect that the damage will not be as significant 

as other jobs that cannot be performed at home. However, as the connectivity of different 

groups of people gets weaker over time, diversity of the network will be diminished. I 

stipulate that this may degrade the associated innovation outputs. 

As a final remark, I claim that my dissertation confirms that cities and firms are 

interdependent, not only in terms of  geographic regions but also in terms of their 

activities in the global value chain (Cano-Kollman et al., 2016; Schotter et al., 2017). 

Specifically, firms and cities want each other to prosper so that 1) firms can enjoy a 

larger market, high-quality human resources, knowledge inflows, and better access to 
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supporting industries, and 2) cities can enjoy benefits such as job creation, economic 

value-creating activity, and eventually attracting more firms to the city. Therefore, with 

the increasing role of governments of all levels in the global market, firms and 

geographic locations should recognize their interdependence, and should find a way 

maximize the benefits stemming from their co-evolution. In this manner, successfully 

participating in global value chain activities is critical for both firms and the associated 

clusters, so that they can upgrade and enhance their competitiveness (Gereffi, 1999). 

Understanding this complex and dynamic process is extremely important from both the 

perspective of strategic management, and academic deliberations on the subject of co-

evolution theory (Cano-Kollmann et al., 2016) as well as the policymaking point of view 

of city planners. 
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