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Abstract 

 
This dissertation aims to reveal the locational determinants of 

biotechnology firms in Seoul Metropolitan area, in order to present 

urban planning strategies responding to the development of the 

biotechnology industry. The biotechnology industry has 

experienced remarkable growth since 1970s and is drawing 

attention as the key to overcome COVID-19 pandemic. Koran 

government has strongly expressed its willingness to foster the 

biotechnology industry in November 2020 and announced 

biotechnology industry as the “Big Three” industries that will 

propel economic development along with automobiles and semi-

conductors. 

The biotechnology firms, capable of multi-breed production in 

small sizes, prefer employing master’s degree holders who are 

generally employed at relatively lower wages compared Doctorate 

personnel. Thus, the availability of master’s human resources of 

the cities and counties will have a significant influence on the 

location decision of biotechnology firms. Furthermore, the 

biotechnology industry has a high cooperative relationship ratio 

compared to other industries thus has a large agglomeration effect, 

Therefore, the location of biotechnology companies will be affected 

by the existence of large conglomerates within the firm’s sphere 

of influence than the accessibility of the location. 

Spatial panel regression model was used to identify the 
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locational determinants of the biotechnology firms. The result 

showed that the number of Master’s degree holders and the 

existence of large conglomerates within the firm’s sphere of 

influence have positive influence to the number of biotechnology 

firms in that corresponding cities and counties.  

Although the result of spatial panel regression model analysis 

has shown that Master's degree holders of cities and counties have 

a significant influence on the number of biotechnology firms at a 

significance level of 0.05, a Granger Causality analysis was 

conducted to investigate causality between two variables in a time 

series. The result shows that the increase in the number of 

Master's degree holders affects the number of biotechnology firms 

after two years, but not the otherwise. 

Based on the analysis result, this study suggests the urban 

properties for new biotechnology firms to consider when entering 

the market. It also proposes guidelines for future urban planning 

strategies responding to the development of biotechnology industry. 

Keywords : Biotechnology industry, locational determinants, spatial 

panel model, human capitals, corporate spheres of influence,  
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Chapter I. Introduction 
 

 

1.1. Study Background 
 

The biotechnology industry has experienced remarkable growth 

since 1970s and is drawing attention as the key to overcome 

COVID-19 pandemic. The domestic pharmaceutical industry is also 

participating in the development of biopharmaceuticals and 

biosimilars. Korea has also established various biotechnology 

industry clusters such as Osong Bio-Cluster in North Chungcheong 

Province, Wonju Medical Device Cluster, Daedeok R&D Zone, and 

Incheon Biopharma Cluster at both central and local levels 

(Gomyeongchul, 2014). In particular, the government strongly 

expressed its willingness to foster the biotechnology industry in 

November 2020 and announced biotechnology industry as the “Big 

Three” industries that will propel economic development along with 

automobiles and semi-conductors. In addition, major conglomerates 

such as Samsung Biologics and Celltrion showed their willingness to 

invest 1.74 trillion won and 500 billion won respectively (Korea 

Biotechnology Industry Organization, 2020). This is expected to 

play an important role in incrementing the nation's economic 

development as well as the global competitiveness. 

According to an analysis by the Korea Biotechnology Industry 

Organization (KBIO) and Ministry of Science and ICT (MSIT), the 

global market size of the biotechnology industry is expected to 

reach $4.4 trillion in 2030, higher than the estimated size of the 
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three major industries: semiconductors, automobiles, and chemicals. 

In addition, according to the 2030 Korea Industry report published 

by the KDB Development Bank's Future Strategy Institute, the 

global pharmaceutical market will reach about 1.8 trillion dollars by 

2030. This is foresighted due to the entry of an elderly society as 

well as the increase in the importance of biopharmaceuticals due to 

measures to strengthen health insurance coverage. The importance 

of the biotechnology industry is expected to rise as infectious 

diseases such as COVID-19 continue. 

Biotechnology is regarded as an open innovation industry 

because it utilizes external knowledge sources through collaboration 

to improve technology innovation capabilities. Through collaboration 

and knowledge sharing, biotechnology firms develop from complex 

cooperative network systems formed by various partnerships with 

universities, research institutes, investment funds, government 

agencies, pharmaceutical laboratories, and others (Almeida, 2021). 

Bio firms are capable of mass production in small businesses 

(Korea Biotechnology Industry Organization, 2020). Thus, the 

majority of firms require more master's degrees or higher educated 

workers than the other industries. However, it is difficult for firms 

to hire PhDs or higher, except for several large conglomerates such 

as Samsung Biologics and Celltrion. 
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Table 1.1. Labor status of Korea by industry and degree 

Source: Statistics Korea 

 

According to 2019 Korea Biotechnology Industry Survey 

Report published by the Korea Biotechnology Industry Organization, 

63% of all bio companies accounted for less than 50 employees and 

only 44.6% of all Korean biotechnology companies meet their sales 

break even. However, the companies that achieved their sales 

break-even point are accounting a large portion of the market. 

Considering that the added value of the biotechnology industry is 

higher than that of other industries worldwide, it is necessary to 

analyze the characteristics of areas where the biotechnology 

industry is concentrated.  

Although many studies agree that the clustering of other 

biotechnology firms affects the density of bio companies, some 

researchers emphasize the accessibility and location of highly 

educated human resources rather than anchor facilities. As the 

biotechnology firms in Korea are heavily aggregated around anchor 

Industry 
Total 

Employees 

Employees 

with 

Bachelor’s 

degree 

Employees 

with 

Master’s 

degree 

Employees 

with 

Doctorate 

Degree 

Artificial Intelligence 5824 
4292 

(74%) 

1180 

(20%) 

352 

(6%) 

Biotechnology R&D 15463 
5681 

(37%) 

6973 

(45%) 

2446 

(16%) 

Information and 

Communication 

Technology 

ICT Broad-

casting 

Service 

50949 
33990 

(67%) 

2361 

(4%) 

445 

(1%) 

ICT  

Broad- 

casting 

Equipment 

380703 
149998 

(39%) 

14268 

(4%) 

2439 

(1%) 

Software 263375 
179275 

(68%) 

13815 

(5%) 

3424 

(1%) 
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facilities such as conglomerates, universities, and industrial-

academic research institutes, research on the locational 

determinants of the biotechnology companies was conducted with a 

need for identifying locational determinants precisely. 

Against this backdrop, this study seeks to empirically analyze 

factors that affect the location decision of biotechnology firms. This 

dissertation aims to analyze biotechnology firms located in the 

Seoul metropolitan area to quantify factors determining the location 

of biotechnology firms as well as to present urban planning 

strategies and guidelines for biopharma cluster development 
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1.2. Purpose of Research 

 

The study aims to quantitively analyze the locational decision 

factors of biotechnology firms in order to suggest the guidelines of 

industrial location policy responding to post COVID-19. The 

addresses of bio-firms in the metropolitan area were organized by 

sigungu (cities and counties) and converted into coordinates via 

Geographic Information System (GIS) software. The data were 

collected from 2010 to 2019 when the Korean biotechnology market 

began to focus on new drug development to enter the global market. 

The biotechnology firms were analyzed through a spatial 

econometric model to reflect human resources, regional, economic, 

social, and geological characteristics of the area where companies 

are located. The human resources data is based on the residential 

address of personnel. The data used for independent variables were 

gathered from both public and private websites and were analyzed 

through GIS and GEODA software.  

However, the number of Bachelor's, Master's, and Doctorate 

degree holders’ data used in this study were gathered from the total 

labor market. Due to the absence of data of biology majored 

personnel, research was conducted assuming that the ratio of 

Bachelor's, Master's, and Doctorate degree holders by cities and 

counties would not differ much from the ratio of biology-related 

majored Bachelor's, Master's, and Doctorate degree holders 

nationwide. 

The dependent variable was set as the number of new 
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biotechnology firms established yearly in the cities and counties, 

and the independent variables are the number of Bachelor's, 

Master's, and Doctorate degree holders and urban characteristics of 

corresponding cities and counties. The study targets to present 

future urban planning strategies responding to the growth of 

knowledge-based industries such as the biotechnology industry 

through spatial econometrics analysis. 

This dissertation consists of a total of six chapters. Chapter 

1 presents the research background and purpose of the study. 

Chapter 2 reviews prior studies on factors influencing location 

decisions of firms, the influence of radius of firms, and spatial 

econometrics model. Chapter 3 presents the research problem and 

hypothesis of this study. In Chapter 4, research methodology, data, 

and variables used in the analysis are introduced. Chapter 5 

presents the results of the model and its interpretations. Finally, 

Chapter 6 draws the conclusions and implications of this study, as 

well as presents the limitations of the study. 
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Chapter 2. Literature Review 
 

 

2.1. Locational Determinants of Biotechnology firms  
 

A study by the United Kingdom Department of Trade and 

Industry (DTI, 1999) presented 10 important factors for 

biotechnology industry development: infrastructure, corporate 

culture, start-up environment, human resources, investment, social 

capital facilities, anchor companies, corporate support services, 

skilled labor, and public support policies. 

Audrettsch (2001), who reviewed the development of the 

biotechnology industry in the United States and studied the role of 

small and medium-sized enterprises in the U.S. biotechnology 

cluster, suggested that the existence of global talent is a 

prerequisite for cluster success. In addition to professionals, it is 

argued that venture capital, various forms of investment structure 

and financial support, enterprise/innovation-friendly culture, and 

deregulation policies for start-up activities should be supported in 

regions where biotechnology clusters are formed. Audrettsch also 

argued that various connections and cooperation such as 

connections between companies and businesses, cooperation of 

scientists within the industry, and connections between firms and 

universities play an important role in the success of biotechnology 

clusters. The study also emphasized strategic alliances between 

large companies and biotechnology companies are essential to 

biotechnology companies specialized in treatment. 
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Casper (2007) analyzed how the social network of senior 

managers, that increase the cluster's incidence and sustainability, 

working for a biotechnology company in San Diego was formed via 

network analysis. The results of the network analysis have shown 

that factors such as businesses networks, scientists, investors, 

heterogeneity between each company, and high labor market 

flexibility are mechanisms for enhancing innovation capabilities of 

successful clusters. 

Lee Young-duk (2003) has conducted case studies focused on 

the development factors of biopharma cluster in San Francisco Bay, 

USA, and Cambridge, UK. Those clusters represent exemplary 

biopharma cluster models, strong research base, industry-academic 

cooperation, rich capital, innovative corporate culture, research, and 

corporate activities. 

A study by Goetz & Morgan (1995) analyzed the locational 

determinants of biotechnology-related companies per 1 million 

people in 50 U.S. states and showed that R&D spending per 

100,000 people in government and universities, venture funds per 

100,000 students, education spending per student, and the ratio of 

scientists with doctorate degrees or higher had a significant positive 

influence. The result also showed that property taxes, budgets 

allocated for debt repayment, the proportion of business failures 

within the cluster, and average wages had a negative influence. 

Bagchi-Sen & Scully (2004) surveyed 63 of the 268 

biotechnology companies in Canada, indicating the importance of 

creating a scientific foundation through funding, the need for R&D-
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based manufacturing capacity development, and internationalization. 

Breznitz & Anderson (2005) surveyed 58 companies in the 

Boston biopharma cluster to gauge accessibilities to other 

biotechnology companies and research institutes, availability of 

skilled labor, venture capital, connections to universities, clinical 

trials, tax benefits, low rents, and resource supply systems. 

A study by Kimelberg & Nicoll (2012), which surveyed 48 

medical device companies in Boston biopharma cluster, also 

identified the availability of labor in the region as the most 

important factor among locational determinants. Other than the 

factors mentioned above, parking lots, crime rates, tax rates, quality 

of infrastructure, rent, access to highways, and access to airports 

were mainly included. The results of the study did not explicitly 

specify the criteria for the workforce (educational background, 

wages, etc.), but indicated the importance of human capital, which is 

widely perceived in knowledge-based industries. 

Kim Joo-han et al. (2003)'s research report differentiated 

innovation elements and evaluation indicators by innovation factors. 

The study proposed policy suggestions through surveys to reflect 

consumers' opinions when implementing policies. The classification 

criteria for each type of research report were based on industrial 

characteristics: level of value chain focused on technology, 

application of biotechnology, and front-to-back relationships. The 

criteria are classified into three types: 'resources-driven', 

'manufacturing-driven', and 'R&D-driven'. R&D-driven biopharma 

clusters need excellent basic research foundations, systems to 
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commercialize R&D, and the climate and investment expansion of 

entrepreneurs were considered as the important factors. 

Manufacturing-driven biopharma clusters require abundant bio-

resources, followed by the physical accessibility of strategic 

partners, industry-academic intimacy, and foundations for 

globalization. On the other hand, the activities of local ventures had 

a significantly low relevance. The existence of large companies and 

anchor facilities was more of an importance than venture companies, 

and the possibility of entering the international market was critical 

to ensure ease of export. In the case of resources-driven 

biopharma clusters, accessibility to resources was showed as the 

most important factor. For the case of manufacturing-driven 

clusters, securing skilled production personnel and technologies, 

which could certify product safety, were critical. Although important 

factors of successful biopharma cluster differ from criteria to 

criteria, R&D, human capitals, investments, international networks, 

and institutional support were regarded as the essential requisites 

for all types of biopharma cluster activation. 

Kwon Jae-joong and Joo Kyung-sik (2009) conducted a study 

on the spatial distribution and location characteristics of the 

biotechnology industries in the Seoul metropolitan area and Daejeon. 

The research was conducted by dividing location factors into 

regions, and growth factors from the R&D stage to market 

expansion. The companies were classified via four categories of 

biopharmaceutical, biochemistry, food and nutrition, and 

bioenvironment. Depending on the criteria for classification, various 
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factors were of different importance, but generally, the importance 

of securing technical personnel, access to research institutes, 

incentives including tax benefits, transportation convenience, 

regions with low rent, and convenience of use of production 

facilities were regarded importantly. 

Based on a survey of Incheon biotechnology companies, Ko 

Myung-chul and Yoo Kwang-min (2014) evaluated the satisfaction 

of the location of companies and the possibility of growth of the 

corresponding region. The evaluation showed that the convenience 

of transportation and logistics, the degree of aggregation of 

bioclusters, securing suitable workplaces, possibility of entry into 

the international market, and ease of securing excellent human 

resources had a positive influence on satisfaction and growth 

potential of bio firms. 

Kim (2015) analyzed the regional benefits of cluster 

development, historical development trends of biopharma cluster, 

and participatory observations of cluster in San Diego, to 

investigate how the cluster aggregate. Research suggested that 

rather than the clustering of small biotechnology companies, the 

role of anchor facilities such as large corporations is an important 

factor. Furthermore, the collective, collaborative environment, 

entrepreneurship, and community based on regional innovation 

indexes are factors that promote growth and accumulation. 

Shimasaki (2020) summarized five factors that drive biopharma 

cluster growth as research-driven businesses, skilled labor, 

capital for risk management, early-stage investments, and 
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development stage investments. 

A study by Vlaisavljevic et al. (2020) explained how policies 

and cluster organizations contribute to the development of 

innovation ecosystems. Vlaisavljevic et al. combined end-to-end 

data from secondary sources with primary data from stakeholders 

to conduct comparative case studies of Spain's top five biopharma 

clusters. Firstly, the open innovation ecosystem benefits from local 

public policies that promote cooperation for innovation, but not all 

regions are affected by the same policy, and not all policies are 

equally effective. Secondly, policies that activate and promote 

collaboration beyond the boundaries within the cluster contribute to 

the development of innovation ecosystems. Thirdly, the role of 

universities and public research institutions as relevant entities in 

the regional innovation system is critical. Fourthly, focusing 

exclusively on the public part of the innovation system harms the 

innovation of bio-firms entering the growth phase. This is due to 

Spanish companies obsessed with public institutions that restricts 

innovative activities. Finally, regional solution policies that reflect 

regional characteristics are essential because the development of 

the biopharma cluster innovation ecosystem is affected differently 

by regions. 

Lee Hyun-kyung (2018) evaluated the importance of locational 

decision factors animal bio industry cluster location through the 

location selection AHP hierarchical model. Research has shown that 

economic factors are the most important factors followed by social 

and economic factors such as subsidies, tax benefits, operating 
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costs and facility investment costs. Among the locational factors, it 

was found that the presence of facility safety, ease of clinical trials, 

the convenience of transportation, and access to the market had a 

high influence on location decision making. In the case of social 

factors, industrial-academic relations, manpower acquisition, 

balanced regional development, and the corporate environment were 

identified. 

Choi Yu-mi and Kang Myung-gu (2011) conducted a study on 

dispersed concentrated patterns of biotechnology company’s 

location. The distribution characteristics and functions of 203 

pharmaceutical companies registered with the Korea Pharmaceutical 

Association as of September 2011 were classified into headquarters, 

research institutes, and factories.  Research suggested that the 

distribution pattern of pharmaceutical companies was generated 

from the headquarters and spread to the headquarters, factories, 

and research centers as companies develop. The production 

facilities tend to concentrate in Seoul, Gyeonggi Province while 

R&D facilities tend to concentrate on a small, aggregated site. The 

spatial concentration of headquarters, research institutes, and 

production plants was analyzed by calculating Moran's Index values 

by facilities every 10 years. However, the headquarters facilities do 

not show a significant increase in concentration in Seoul over time. 

In the case of research facilities, concentration has been increasing 

since the 1980s when laboratories were actively formed. Finally, 

for production facilities, clustering tendencies increased over time. 

Kwon Young-seop (2002)'s research on revitalizing the local 
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economy by analyzing the location characteristics of knowledge-

based industries. The study typified the spatial distribution and 

aggregation of knowledge-based industries in Korea and identified 

the location environment of knowledge-based industries. The 

research showed that the distribution of knowledge-based 

industries was affected by the development of related industries, 

the location of universities and research institutions, local business 

support and innovation environment.  

Literature has shown that existing prior studies were conducted 

through qualitative methods such as surveys and AHP hierarchical 

models. This paper intends to analyze the locational determinants of 

bio firms with precision by quantitative method. Biotechnology 

companies are capable multi-breed production in small sizes thus 

prefer master’s personnel who are eligible for employment at 

relatively lower wages among highly educated personnel. Therefore, 

the location of biotechnology companies is expected to be affected 

by the master's personnel of the area.  
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2.2. Corporate Sphere of Influence  

 

The degree of clustering defined by researchers varies by the 

level of influence of corporate activities, investment activities, and 

existence of R&D. Some studies suggest the radius of business 

activity based on the location of each entity rather than on the 

administrative zone itself.  The radius of the firm’s influence that 

affect one another have been argued by many researchers. 

Song Young-il et al. (2018) analyzed the location and 

competitiveness of the national industrial complex that are 

supported by the Land and Housing Research Institute. Song et al. 

analyzed how research institutes, business incubation centers, 

knowledge industry centers, manufacturers, and universities were 

distributed. To establish scope and parameters for radius of study, 

the analyses were conducted by every three radii of 5 km, 10 km, 

and 20 km. 

Cho Hye-young et al. (2015), who conducted a demand survey 

on the employment environment improvement of the industrial 

complex, suggested the standard of "distance outside the industrial 

complex" as a radius of 5km. 

In a study by Kim Chang-hyun et al. (2019), who studied the 

location evaluation model of the R&D center considering time, 

distance, and industry suitability, the number of companies with a 

radius of less than 5 km was divided into 5 groups for analysis. 

Considering the spatial scope of this study and the influence of 
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R&D mentioned in the preceding studies, the distance that induce 

connections with universities and large conglomerates, and the 

radius of innovation conditions, the scope of the company's 

influence was set as a radius of 5km. 
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2.3. Spatial Econometrics Model and Spatial Panel 

Model 

 

The term “spatial econometrics” was first introduced by 

Paelinck and Klaasen in the 1970s and an analysis model was 

proposed by Luc Anselin in 1988. Existing OLS analysis disregard 

the existence of spatial dependency. If spatial dependencies, 

heterogeneity exist, inconvenience, efficiency, and consistency of 

estimated coefficients cannot be guaranteed. Spatial dependence 

means that a particular event is spatially correlated, while spatial 

heterogeneity means an irregular distribution in large areas. To 

mediate the spatial dependency, a spatial weight matrix was 

emerged and was utilized in spatial econometrics models. The 

studies conducted with spatial econometrics models are as follows. 

Spatial metering models were actively used in research areas 

that dealt with knowledge-sharing such as R&D and innovative 

industries. The model was further expanded to the real estate 

market in the 2000s. A study by Dubin et al. (1999) argued that 

applying a spatial model could increase the accuracy of property 

prices rather than including more independent variables. Seo 

Kyung-cheon and Lee Seong-ho (2001) also suggested that the 

analysis of cross sectional of economic assets with fixed locations 

such as housing, land, etc. could lead to false conclusions in 

estimating characteristic price functions by Ordinary Least Square 

regression model (OLS) due to spatial autocorrelation and 
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heterogeneity. Seo and Lee compared OLS to the spatial 

autocorrelation regression model (SAR) for parametric estimation 

methods of surrounding regional characteristics and confirmed that 

SAR analysis methods reflect spatial properties compared to the 

OLS. Carter and Haloupek (2000) demonstrated superior estimation 

of spatial econometrics compared to conventional hedonic models 

by applying spatial time lag in estimating rents. 

 Spatial econometrics deals with spatial interaction (spatial 

autocorrelation) and spatial structure (spatial heterogeneity) in 

regression models for cross-sectional and panel data (Kim Kang-

gu, 2003). The existence of spatial autocorrelation violates the 

independence of the random distribution and error terms that are 

premised in the linear regression model. In this regard, the spatial 

econometrics model has the advantage of controlling spatial 

autocorrelation (Jin Chang-jong et al., 2012). In this study, spatial 

econometrics was selected as a methodology of empirical analysis 

to derive factors affecting location of biotechnology companies. 

Due to the aggregating nature of biotechnology industry, 

biotechnology firms in a particular region may be influenced by 

clustering effects in adjacent regions. Therefore, this study was 

analyzed through a spatial panel regression model and the spatial 

weight matrix was calculated in a Rook manner and according to the 

contiguity of the administrative zone. Rook Continuity gives a 

weight of '1' when the regional boundaries are shared, otherwise '0'. 

The area of parameter was set to the metropolitan and provincial 

districts of Republic of Korea. Thus, the spatial weight was 
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calculated by attributing weights of '1' and '0' depending on the 

adjacency of the cities and counties. 
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Chapter 3. Research Problem and Hypothesis 
 

 

3.1. Research Problem  
 

Preliminary studies that deal with locational factors of 

biotechnology firms analyzed the importance of advanced human 

capital and the importance of industry-academic partnerships via 

surveys and AHP hierarchy analyses. Most precedent studies have 

argued that the knowledge-based industries, such as biotechnology 

industry, prioritize securing Doctorate personnel and R&D 

foundations. According to the Biotechnology Industry Report 2019 

by Statistics Korea, the biotechnology industry has a relatively 

higher master's employee ratio compared to that of other industries. 

This results from the high cooperative ratio of the industry. In 

addition, the majority of small-sized biotechnology firms are 

capable of multi-breed production. As a result, the location of firms, 

except for large companies, is expected to be significantly affected 

by where master’s employees’ dwell as master’s degree holders 

may be employed at relatively lower wages compared to doctorate 

degree holders. Small and medium-sized firms do not require many 

employees as the biotechnology firms usually operate with a few 

experts.  

 

1) Will the availability of master's personnel  in the region affect 

the location decision-making of biotechnology firms? 
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Other prior studies that analyzed overseas biotechnology 

companies highlighted industry-academic cooperation, distance 

from the universities, accessibility and transportation convenience 

as the key factors that affect location of biotechnology firms. In the 

case of overseas bio companies, clustering of small-scale 

biotechnology companies is more imperative in determining the 

location than the anchor facilities such as large conglomerates. For 

the case of Korea, a research question was established on whether 

the presence of large conglomerates that greatly influence the 

regional economic levels increases the establishment of 

biotechnology firms. 

 

2) What factors other than the accessibility variables affect the 

location of biotechnology firms? 

 

Based on the research problems above, this study aims to 

clarify the connection between the number of biotechnology firms in 

each city and county and the number of degree holders in the 

corresponding cities and counties. The relationship between the 

geographical, regional, social and economic variables, and the 

location of biotechnology companies was examined through the 

spatial econometrics model. 
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3.2. Research Hypothesis 
 

 

This section presents the research hypotheses based on the 

theoretical background, the literature review discussed in Chapter 2 

and the research questions raised in Section 1 of this chapter. 

 

The hypotheses of this study are as follows: 

 

(1) The biotechnology firms, capable of multi-breed production 

in small sizes, prefer employing master’s personnel who are 

employed at relatively lower wages compared Doctorate personnel. 

Thus, the number of master’s degree holders of the cities and 

counties will have a significant influence on the location decision of 

biotechnology firms. 

 

 

(2) The biotechnology industry has a high cooperative 

relationship ratio compared to other industries. Therefore, the 

location of biotechnology firms will be affected by the existence of 

large conglomerates within the firm’s sphere of influence rather than 

the commonly known accessibility factors such as distance to nearest 

subway and highways. 
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Chapter 4. Methodology and Data 
 

 

4.1. Research Flow and Methodology 
 

 

4.1.1 Study Area 

 

The study aims to analyze the locational determinants of 

biotechnologies firms in Korea to propose future urban planning 

guidelines in response to development of the industry. Thus, Korea 

was established as a research area and the analysis was conducted 

around the Seoul Metropolitan area. The metropolitan area includes 

Seoul, Gyeonggi Province and Incheon Metropolitan City. Based on 

the companies list provided by the KBIO, a total 1740 companies 

were classified by sigungu (cities and counties) yearly from 2010 

to 2019. Seoul metropolitan area was selected as the study area 

due to the concentration of population, the movement of highly 

educated young people for the employment, and the existence of 

large companies in the area. 

 

4.1.2 Study Scope 

 

The list of biotechnology firms, addresses, and independent 

variables of this study were collected from 2010, when the Korean 

biopharmaceutical industry began to focus on the development of 

new drugs targeted for the global market. (Korea Pharmaceutical 

Association, 2020). The number of Bachelor's, Master's and 
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Doctorate personnel by city, county and district, were provided in 

five-year units from the Population and Housing Survey. The data 

were collected from 2000 to 2015 and was estimated until 2019.  

 

4.1.2 Research Flow 

 

This study aims to analyze the factors that determine the 

location of biotechnology companies located in the metropolitan area. 

The spatial properties include geographical, economic, social and 

regional variables of the location. Spatial econometrics model was 

conducted to identify the relationship between spatial properties 

and the concentration of companies. 

This study categorizes the number of biotechnology companies 

established by city, county and district yearly. Cities and counties 

with the greater concentration of biotechnology companies 

represent preferred location for newly established companies 

entering the market. The address and year of establishment of 

companies were collected from Korea Bio Association website. The 

addresses and data were converted into dot coordinates through 

geocoding. QGIS and GEODA programs were used to calculate the 

independent variables such as the average distance between the 

companies and nearest subways, universities, and highways. The 

calculated values were attributed to the corresponding cities and 

counties. In addition, 5km buffer zone was applied to each company 

to verify the existence of large conglomerates within the entity's 

sphere of influence. 
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The analysis includes geographical, economic, social and 

regional characteristics of the cities and counties, that represent the 

urban spatial properties of companies’ location. Independent 

variables also include commercial facilities, public facilities, cultural 

infrastructure per 100,000 people, number of patents, financial 

independence, apartment price, income level, bio-domestic sales, 

bio-exports, income level, Economic Sentiment Index, and ratio of 

lump-sum housing lease. 

Due to the aggregation tendency of biotechnology industry, high 

probability of spatial dependency exists on the number of 

biotechnology firms established among adjacent cities. Thus, 

Moran's Index analysis was conducted to determine whether the 

spatial autocorrelation exist.  
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Figure 4.1. Research Flow 
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4.1.2 Spatial Panel Model 

 

A spatial panel regression model was used in this study to 

analyze the locational determinants of bio-firms. The commonly 

used multiple regression and panel analysis do not consider the 

existence of spatial influences such as spatial dependency and 

spatial heterogeneity (Jeon, 2012). Spatial dependence refers to 

the existence of a spatial correlation of a particular event, while 

spatial heterogeneity refers to an irregular distribution in a large 

area. The inconvenience, efficiency and consistency of estimated 

coefficients cannot be guaranteed if spatial correlation exist. In 

addition, the estimates of parameters and standard errors may be 

biased (Park Jong-ki, 2011).  

 

Moran's Index value was identified to confirm the existence of 

spatial dependency on the number of bio-firms established in each 

city and county yearly.  
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Figure 4.2. Moran’s Index 

 

 

The value of Moran's I of 0.15 was found significant at 

significant level of 0.05. This indicates significant spatial 

dependency in the study area. Cities and counties with high number 

of bio-firms will also affect the number of bio-firms in the adjacent 

cities and counties.  
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Figure 4.3. Cluster map of biotechnology firms 

 

Figure 4.4. Cluster map of number of master’s degree holders 
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The number of biotechnology firms in the metropolitan area are 

significantly high in Seongnam-si, Hwasung-si, Gyonggi Province, 

and Geumchun-gu, Guro-gu, Seoul. This is due to industrial 

complexes located in Seongnam-si, Geumchun-gu and guro-gu as 

well as “Bio-Valley” in Hwasung-si. Therefore, those cities 

mentioned above have been treated as dummy variable for precision 

of the analysis. It is financially difficult for newly established firms 

entering the market to start their business in Seoul due to 

expensive office rents. Furthermore, industrial complexes located 

out of Seoul provide incentives and tax refunds to attract firms for 

regional economic development. The master’s human resources by 

cities and counties were significantly high in Gyeonggi Province. 

This phenomenon resulted from a relatively lower rent in Gyeonggi 

Province compared to Seoul. It is difficult for people in mid 20s to 

early 30s to dwell in Seoul due to excessive high rents.  

The spatial econometrics analysis requires calculation of a 

spatial weight matrix. The spatial weighting matrix tests for inter-

regional interactions and spatial dependency by placing higher 

weights on more adjacent regions (Anselin, 2005). A spatial weight 

matrix was formed by weighting 1 for adjacent regions and 0 for 

otherwise. The spatial weight matrix for this research is a 66 × 66 

Rook matrix. The Rook method gives wij = 1 and wij = 0 when the 

boundaries of the two regions are shared. Similarly, the Bishop 

method establishes wij = 1 if two regions share corners, and the 

Queen method establishes wij = 1 if two regions share faces or 

corners. The spatial weight matrix was calculated based on the 
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contiguity of the administrative zone. The example of Rook spatial 

weighting is shown in Figure 4.4.  

 

Figure 4.5. Contiguity by Rook method 

 

The equation of Spatial Panel Model, also known as Spatial 

Autoregressive Model (SAR), considering spatial autocorrelation is 

shown in Equation (1) below. 

 

(1)  

 

In the expression above, P stands for the number of new bio 

companies in the year and was used as a dependent variable. Z 

stands for regional, economic, and social variables and W stands for 

a spatial weight matrix. The spatial weight procession consisted of 

adjacent municipalities and districts. ρ stands for spatial effect, n 

stands for regional effects when time is blown and ε stands for 

error term. Reconfiguration equation (1) above is shown in the 

following expressions (2) and (3).  
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(2)  

(3)  

 

The spatial econometric model above was modified from the 

model suggested by Anselin et al. (2008) and was conducted in this 

study. 
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4.2. Data and Variables 
 

In this study, the number of biotechnology firms in 66 cities and 

counties in the Seoul metropolitan area were used as a dependent 

variable to analyze the influence of the number of Master's degree 

holders and the existence of large conglomerates on the location of 

biotechnology firms. The time frame was set from 2010 to 2019, 

when the Korean bio market began to target global pharmaceutical 

market. The independent variables include the spatial weight matrix, 

the number of Bachelor's, Master's and Doctorate degree holders, 

the existence of large conglomerates and universities within 5km of 

firm’s buffer zone, the average distance to nearest subway and 

highways. The geographical, economic, social, distance data and the 

addresses of the bio companies were collected from Statistics 

Korea, Population and Housing Census, Korea Expressway 

Corporation's Public Data Portal, data.go.kr, and Korea 

Biotechnology Industry Organization. Other regional variables such 

as the distance to nearest subway and highway were gathered via 

Geographic Information System software. Independent variables 

such as the financial independence, the number of cultural 

infrastructures per 100,000 people, the number of patents, and the 

ratio of old housing of each city and county were provided by 

Korean Statistical Information Service (KOSIS) website. 

In order to analyze causality and the influence of regional 

human resources on the location of biotechnology firms, two years 

of lag was applied to the model.  The urban properties of the region 
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do not directly lead to the establishment of new biotechnology firms 

as it physically takes time for firms to move in after making their 

location decision.  

As mentioned previously, firms located in Guro Digital Complex 

in Guro-gu and Geumcheon-gu, Seongnam Industrial Complex in 

Joongwon-gu, and Bio Valley in Hwaseong-si, were treated as 

dummy variables. 

 

 

Table. 4.1 Variables used in the analysis 

Category Variable Description Source 

Dependent 

Variable 
BIO 

Number of bio 

companies 

established yearly 

from 2010 to 2019 

by cities and counties 

Korea 

Biotechnology 

Industry 

Organization 

Independent 

variables 

Bachelor’s 

Number of 

Bachelor’s degree 

holders 

Population and 

Housing Census 

Master’s 
Number of Master’s 

degree holders 

Population and 

Housing Census 

Doctorate 
Number of Doctorate 

degree holders 

Population and 

Housing Census 

Public 

facilities 

Public facilities by 

cities and counties 
Statistics Korea 
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Existence 

of 

conglomer

ates 

Existence of large 

conglomerates within 

5km buffer zone of 

each firm 

Korea 

Biotechnology 

Industry 

Organization 

Income 

level 

Average income level 

by cities and counties 
data.go.kr 

Standard 

market 

price of 

apartments 

※The yearly 

reciprocals of 

average apartment 

prices was treated to 

the 

Standard market 

prices due to absence 

of the data  

realtyprice.kr,  

r-one.co.kr 

(Korea Real 

Estate Board) 

Distance to 

nearest 

highway 

Average distance of 

firms to nearest 

highway(IC/JCT)  

Korea 

Expressway 

Corporation, 

data.go.kr 

Distance to 

nearest 

subway 

Average distance of 

firms to nearest 

subway 

data.go.kr 

Industrial 

Complex 

dummy 

※Guro Digital 

Complex, Seongnam 

Industrial Complex, 

Hwaseong Bio Valley  

 

 



 

 ３６ 

Chapter 5. Results 
 

 

5.1. Spatial Panel Model Analysis Results 
 

A spatial panel regression model was used to analyze the 

locational determinants of biotechnology firms. The hypotheses of 

this study are as follows. 

 

(1) The biotechnology firms, capable of multi-breed production in 

small sizes, prefer employing master’s personnel who are employed 

at relatively lower wages compared doctorate personnel. Thus, the 

number pf master’s degree holders of the cities and counties will 

have a significant influence on the location decision of bio firms. 

 

(2) The biotechnology industry has a high cooperative 

relationship ratio compared to other industries thus has a large 

agglomeration effect, Therefore, the location of biotechnology firms 

will be affected by the existence of large conglomerates within the 

firm’s sphere of influence than the accessibility factors such as 

distance to nearest subway and highways. 

 

To identify the causal relationship between the dependent and 

independent variables, the analysis was conducted by applying -2 

years lag to the independent variables. The result of the spatial 

panel regression model analysis with the variables described above 

is shown in Table 5.1. 
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Table. 5.1. Results of the Spatial Panel Model Analysis 

Variables Coefficient Std.Dev t-Stats Prob. 

Constant 1.129406 0.502132 2.249222 0.025*** 

Spatial Effect 0.418041 0.064603 6.470921 0*** 

Human 

Capitals 

Bachelor’s 

(-2) 
-1.93E-05 6.14E-06 -3.14574 0.0018*** 

Master’s  

(-2) 
0.000121 4.78E-05 2.536431 0.0116** 

Doctorate  

(-2) 
5.15E-05 8.69E-05 0.592817 0.5536 

City 

Properties 

Public  

facilities (-2) 
0.000543 0.000111 4.901543 0*** 

Existence of 

conglomerates 
0.519471 0.116286 4.467194 0*** 

Income level 

(-2) 
-0.0263 0.011177 -2.35279 0.0191** 

Standard 

market price 

of apartments 

-1.48E-07 4.66E-08 -3.18283 0.0016*** 

Accessibility 

Distance to 

nearest 

highway 

-1.24E-05 1.09E-05 -1.14117 0.2545 

Distance to 

nearest 

subway 

3.98E-05 2.67E-05 1.493682 0.136 

Dummy 

Variable 

Industrial 

Complexes 
5.912285 0.390186 15.15247 0*** 

Adjusted R² 0.6303 

Durbin-Watson stats 1.694229 

※ ***, **, * each represents p-value < 0.01, 0.05, 0.1 

 

The independent variables except for the number of Doctorate 

degree holders, distance from the nearest highway, and distance 

from the nearest subway were found significant at the level of 0.05. 

The adjusted R²of the model was 0.6303 and the Durbin-Watson 

Statistics was 1.68, close to 2.  

The concentration of bio-companies in cities and counties has a 

positive (+) relationship with the number of Master's degree 

holders, major facilities, existence of large conglomerates within 

5km of firms, and dummy variable. On the other hand, the number of 
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Bachelor’s degree holders, income level, and standard market 

prices of apartment have a negative (-) relationship. 

The higher the number of the Master’s degree holders in the 

relevant cities and counties, the higher the number of biotechnology 

firms established after two years in that corresponding cities and 

counties. The concentration of bio-companies is affected by the 

increase the availability of Master's human resources, as mentioned 

in the literature review. Since bio companies are capable of multi-

breed production regardless of firms’ small sizes, the Master's 

degree holders, whom can be employed at relatively lower wages 

compared to Doctorate’s degree holders, are considered to have a 

significant influence on location decision of biotechnology firms. 

The fact that the number of public facilities has a positive 

relationship on the concentration of biotechnology firms shows that 

the firms regard public facilities convenient and accessible, 

increasing the satisfaction of the location. 

The positive relationship between the existence of large 

conglomerates and universities within the buffer zone and the 

number of biotechnology firms shows that clustering will proceed 

further when anchor facilities such as conglomerates and 

universities locate within 5 kilometers from firm’s location. The 

convenience transportation of locations claimed by previous studies 

has shown to been insignificant. The result shows that existence of 

large conglomerates is more critical in location decision-making for 

firms than accessibility. Firms prioritize aggregation than the 

transport accessibility due to high cooperative ratio of 
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biotechnology industry. 

The negative relationships among the number of biotechnology 

firms and both income levels and standard market prices of 

apartments show that the higher the income levels and standard 

market prices of apartment, the lower the likeliness of the location. 

Income levels and standard market prices of apartments could 

represent the level of rents and prices. Majority of biotechnology 

firms operate in small to medium businesses and face difficulties 

bearing excessive high land prices and rents. 

Among the independent variables mentioned in Chapter 4, 

financial independence, major commercial facilities, cultural 

infrastructures per 100,000 people, number of patents, and old 

housing ratios were not significant to the number of bio companies 

in cities and counties.  
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5.2. Granger Causality Test 
 

Although the result of spatial panel regression model analysis 

has shown that Master's degree holders of cities and counties have 

a significant influence on the number of biotechnology firms at a 

significance level of 0.05, a Granger Causality analysis was 

conducted to investigate causality between two variables in a time 

series. There is a possibility that the increase in the number of 

Master’s degree holders may have caused from the increase in the 

number of biotechnology firms in the region. Therefore, to support 

the spatial panel model analysis result, Granger Causality was 

conducted to identify the precedence of cause and effect by 

applying – 2 years lag. The result of the test is shown in the 

following Table 5.2. 

 

Table 5.2. Granger Causality Test results 

Null Hypothesis Obs. Lag F-stats Prob. 

Master’s does not Granger 

Cause BIO 
528 2 

15.775 
2.00E-

07 

BIO does not Granger Cause 

Master’s 
0.24515 0.7827 

※ Reject the null hypothesis if p-value is less than 0.05 

※ Master’s stand for Master’s degree holders 

※ BIO stands for the number of biotechnology firms established 

 

The null hypothesis that Master's degree holders do not affect 

the number of biotechnology firms established is rejected at a 

significant level of 0.05, but the null hypothesis that the number of 
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biotechnology firms established does not affect the number of 

Master’s degree holders is supported at a significant level of 0.05. 

The result shows that the increase in the number of Master's 

degree holders affects the number of biotechnology firms after two 

years, but not the otherwise.  
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Chapter 6. Conclusion 
 

The purpose of this study is to comprehensively analyze the 

locational determinants of biotechnology firms as well as to propose 

ideal location properties to consider for new firms entering the 

market. Precedent studies that dealt with the location decision 

factors of firms highlighted cooperative networks, highly educated 

personnel, and business-academic connections. The 2019 Labor 

status report by Statistics Korea shows that the bio industry has a 

higher proportion of employee with Master’s degree than the other 

industries. Previous studies were conducted by the qualitative 

method such as surveys and AHP hierarchical models but did not 

demonstrate the locational determinants quantitatively. Therefore, 

this dissertation analyzed the location of biotechnology firms with 

spatial econometrics models to quantitatively identify the locational 

determinants of biotechnology firms in Seoul Metropolitan Area and 

sought to examine how the human resources of the cities and 

counties affect the clustering of firms in that corresponding region. 

The results and implications of the study are summarized as 

follows. The biotechnology firms are capable of multi-breed 

production even in small sizes. Thus, majority of firms prefer 

employing Master’s degree holders who are sufficiently skilled 

workforce that do not require excessive wages. The result also 

verified that the existence of large conglomerates within the firm’s 

influence propels clustering of biotechnology firms. 

However, due to the absence of data of biotechnology majored 
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degree holders by cities and counties, the data of total labor was 

used as a replacement considering that there would be no 

significant difference between the ratio of total Bachelor's, Master's, 

and Doctorate degree holders to biotechnology majored labor. 

Although limitations of this papers exist, this study is significant in 

that it analyzed the locational determinants of biotechnology firms in 

quantitative manner through spatial econometrics model. 

Biotechnology industry is drawing attention as the key to solve 

the COVID-19 crisis. The development of the bio industry is 

estimated to bring high industrial value and job creation effect. 

Biotechnology industry has been selected as the “Big Three” 

industries by Korean Government that will propel economic 

development and global competitiveness. The importance of the 

biotechnology industry has sharply rose especially during the 

COVID-19 crisis in preparation to respond to future possible 

pandemics. This study is significant in not only identifying the 

locational determinants of biotechnology firms, but also suggesting 

the urban characteristics to consider for the development of 

biotechnology clusters in the metropolitan area. Further studies 

may include more diverse independent variables in the analysis 

such as regulatory policy factors in biotechnology sector and 

business factors such as expenditures, number of employees, and 

R&D investments.
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국문 초록 

 

본 연구는 바이오 기업들의 입지 요인을 종합적으로 분석하고, 향후 

급증할 바이오 기업들이 입지를 선정하는 데에 있어 고찰해야 할 점을 

목적으로 하였다. 바이오 기업의 입지와 관련된 선행연구들을 살펴보면 

고급인력자원, 산학연 연계 등이 중요하다는 것을 확인할 수 있다. 

하지만 통계청의 2019년 바이오산업 실태조사 보고서를 살펴보면 

바이오산업은 타 산업 대비 석사비율이 높은 것을 확인할 수 있다. 

선행연구들은 설문조사, AHP 같은 방법론을 통해 증명하였으며, 

석사인력의 중요성을 제시하지 않았다. 이에 본 논문은 바이오 기업의 

입지를 정량적으로 연구하기 위해 공간계량모형을 활용하여 

분석하였으며, 석사인력자원의 분포도가 바이오 기업입지에 어떠한 

영향을 미치는지 살펴보고자 하였다. 

본 논문은 다음과 같은 사항을 증명하여 선행연구와 차별성이 

존재한다. 첫째, 바이오산업은 소규모 다품종 생산 형태를 띄고 있어 

충분히 숙련된 노동인력이자 과한 임금이 요구되지 않는 석사인력자원을 

선호한다. 둘째, 연구의 결과를 통해 바이오 기업의 해당 시군구 

석사자원은 바이오 기업 입지밀도에 유의미한 영향을 미친다. 

마지막으로 기업의 영향권 내 대기업이 존재하면 입지밀도가 증가한다는 

것을 계량적으로 증명하였다는 점에서 의의가 존재한다.  

본 연구에 이용된 시군구 별 학사, 석사, 박사자원은 바이오를 

전공한 인력을 구할 수 없어 바이오 관련 전공자가 아닌 전체 전공자 

데이터를 사용했다는 점에서 본 논문의 한계가 존재한다. 데이터의 

부재로 인해 온전히 바이오 인력자원 영향력을 설명하기에는 어려우나 

전체 시군구별 학사, 석사, 박사자원 비율은 전국적으로 바이오 
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노동인력 대비 학사, 석사, 박사 비율과 큰 차이가 없을 것이라 

간주하여 연구를 진행하였다.  

전 세계를 공황에 빠뜨린 코로나 19 사태를 해결할 열쇠로 

주목되는 바이오산업은 산업 가치 및 일자리 창출효과가 크며, 국가의 

3대 중점 산업으로서 선정되었다. 바이오산업의 중요성은 점점 커지고 

있으며, 미래의 전염병에 대응하기 위한 바이오산업의 입지분석은 

필수적이다. 본 연구는 국가의 바이오산업 육성 의지 및 바이오 

기업들의 증설계획으로 인해 앞으로 더욱 늘어날 기업 수를 대비하여 

국가 및 기업들에게 입지 선정 시 고려해야 하는 요인들과 수도권 

바이오 클러스터 발전 방향을 제시하는 데 의의가 있다. 주변 

석사자원과 대기업 및 대학 유무는 바이오 신설 기업 수와 정의 관계를 

가지며, 아파트 기준시가, 소득수준은 부의 관계를 가진다. 대부분의 

신설 바이오 기업들은 정책적 지원을 받아 창업하였으며, 상대적으로 

지가가 낮은 경기 남부지역에 입지한 것으로 판단된다. 기업의 영향권 

내 대기업의 유무가 바이오 기업 입지 밀도에 영향을 미치는 것을 대략 

살펴볼 수 있었으나, 향후 바이오산업의 특성을 보다 정밀하게 분석하기 

위해 대기업 수준변수를 반영하는 연구가 필요하다고 판단된다. 
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