Journal of Informetrics 10 (2016) 516-532

journal

Contents lists available at ScienceDirect

Journal of

INFORMETRICS

Journal Of Informetrics An nternatonal Jounal

homepage: www.elsevier.com/locate/joi

Exploring the position of cities in global corporate research
and development: A bibliometric analysis by two different

@ CrossMark

geographical approaches

Gyorgy Csomos®*, Géza TothP

a Department of Civil Engineering, University of Debrecen, 2-4 Otemet6 u., H-4028 Debrecen, Hungary
b Hungarian Central Statistical Office, 5-7 Keleti Kdroly u., H-1024 Budapest, Hungary

ARTICLE INFO

ABSTRACT

Article history:

Received 20 October 2015

Received in revised form 12 January 2016
Accepted 8 February 2016

Available online 22 April 2016

Keywords:

Global city

Multinational company

Corporate research and development
Scientific article

Global cities are defined, on the one hand, as the major command and control centres of
the world economy and, on the other hand, as the most significant sites of the production
of innovation. As command and control centres, they are home to the headquarters of the
most powerful MNCs of the global economy, while as sites for the production of innovation
they are supposed to be the most important sites of corporate research and development
(R&D) activities. In this paper, we conduct a bibliometric analysis of the data located in the
Scopus and Forbes 2000 databases to reveal the correlation between the characteristics of
the above global city definitions. We explore which cities are the major control points of the
global corporate R&D (home city approach), and which cities are the most important sites
of corporate R&D activities (host city approach). According to the home city approach we
assign articles produced by companies to cities where the decision-making headquarters
are located (i.e. to cities that control the companies’ R&D activities), while according to
the host city approach we assign articles to cities where the R&D activities are actually
conducted. Given Sassen’s global city concept, we expect global cities to be both the leading
home cities and host cities.

The results show that, in accordance with the global city concept, Tokyo, New York,
London and Paris surpass other cities as command points of global corporate R&D (having 42
percent of companies’ scientific articles). However, as sites of corporate R&D activities to be
conducted, New York and Tokyo form a unique category (having 28 percent of the articles).
The gap between San Jose and Boston, and the global cities has consistently narrowed
because the formers are the leading centres of the fastest growing innovative industries (e.g.
information technology and biotechnology) in the world economy, and important sites of
international R&D activities within these industries. The emerging economies are singularly
represented by Beijing; however, the position of Chinese capital (i.e. the number of its
companies’ scientific articles), has been strengthening rapidly.
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1. Introduction

Globalization and the spatial restructuring of the world economy have increased since the 1970s and can primarily be
characterized by the expansion of trade, the growing volume of foreign direct investments (FDI), and the emergence of the
new international division of labour (Cohen, 1981; Frobel, Heinrichs, & Kreye, 1980). These developments have dramat-
ically enhanced the developing countries’ participation in the world economy. In the process of economic globalization,
multinational companies (MNCs) have become the central orchestrators of a global reallocation of manufacturing away
from core industrial countries towards the developing countries (Dicken, 2007; Schoenberger, 1988). MNCs interconnect
nation-states, regions, and cities, and they exercise significant control over nation-states (Bonanno & Constance, 2008). In
this new world-system, cities have gradually become more important while the significance of nation-states has lessened
(see, for example, Knox, 1995; Sassen, 2001, 2006; Scott, Agnew, Soja, & Storper, 2001). Alderson and Beckfield (2004: 812)
argue that ‘developments of the past few decades are seen as producing a new global hierarchy of cities, at the apex of which are
located what have variously been referred to as “world cities” or “global cities.” Such cities constitute the key nodes or command
points that exercise power over other cities in a system of cities and, thus, the world economy’. In her seminal work entitled, The
Global City, Saskia Sassen (1991) specified New York, London, Tokyo, Frankfurt, and Paris as the leading examples of global
cities. Furthermore, she defined the most important characteristics of global cities (Sassen, 2001: 4):

Beyond their long history as centers for international trade and banking, these cities now function in four new ways: first, as
highly concentrated command points in the organization of the world economy; second, as key locations for finance and for
specialized service firms, which have replaced manufacturing as the leading economic sector; third, as sites of production,
including the production of innovation, in these leading industries; and fourth, as markets for the products and innovations
produced.

We highlight two important points concerning this definition: On the one hand, global cities are the outstanding command
and control centres of the world economy, and on the other, they are the most significant sites for the production of innovation
(Sassen, 2001). The correlation between these two characteristics is the starting-point of this paper, and our main aim is to
examine whether our theory is correct or not. Based on the characteristics of the global cities, we proposed a hypothesis,
which needs to be confirmed by conducting a bibliometric analysis.

Hypothesis: Global cities are the major command and control centres of the world economy, and they are the most signif-
icant sites of the production of innovation.! As command and control centres, they are home to the headquarters of the most
powerful MNCs of the global economy (Alderson & Beckfield, 2004; Csomés & Téth, 2016; Csomos, 2013; Godfrey & Zhou,
1999; Taylor & Csom6s, 2012; Taylor et al., 2009). MNCs are often considered to be the most visible symbols of globalisation
(Gavin, 2001), because, for example, they have worldwide networks of subsidiaries, branch offices, customer service offices,
and corporate research centres. To ensure the global competitiveness of firms, MNCs need to be highly involved in research
and development (R&D) (Crespo, Griffith, & Lages, 2014; Kogut & Zander, 1993; Malecki, 1997; Roth, Jayachandran, Dakhli,
& Colton, 2009). MNCs, wherever they are headquartered, tend to locate their R&D-oriented subsidiaries and corporate
research centres into the most innovative environments in the world. Thus, if global cities are the major command and
control centres and the most significant sites of the production of innovation in the world, they are home to not only the
headquarters of the leading MNCs, but also host their R&D-oriented subsidiaries and corporate research centres. This means
that, on the one hand, global cities are the major control points of corporate R&D (home city approach) and, on the other
hand, the sites of international R&D activities (host city approach).

In this paper we put the above hypothesis to the test by conducting a bibliometric analysis. The intensity of corporate R&D
activities can be measured through the number of patents and/or the number of patent citations (Acs, 2011; Chang, Chen, &
Huang, 2012; Liu, Cheng, & Yang, 2006; Ribeiro, Ruiz, Bernardes, & Albuquerque, 2010; Ribeiro, Kruss, Britto, Bernardes, &
da Motta e Albuquerque, 2014; Santangelo, 2002; Wang, Zhao, Gu, & Chen, 2011, Wang, Zhang, & Xu, 2011; Wong & Wang,
2015); the amount of R&D expenditures (Granstrand, 1999; Kumar, 2001; Piergiovanni & Santarelli, 2013; Yoo & Moon,
2006); the quantity and quality of research cooperation between companies and universities (Feng, Zhang, Du, & Wang,
2015; Gao, Guan, & Rousseau, 2011; Kneller, Mongeon, Cope, Garner, & Ternouth, 2014; Leydesdorff, Park, & Lengyel, 2014;
Ramos-Vielba, Fernandez-Esquinas, & Espinosa-de-los-Monteros, 2010), and it can be quantified by the number of scientific
articles authored or co-authored by researchers from the companies (Chang, 2014; Furukawa & Goto, 2006; Hicks, Ishizuka,
Keen, & Sweet, 1994; Hicks, 1995; Hullmann & Meyer, 2003; Tijssen, 2004). Several MNCs, especially those that operate in
high-technology industries, are exceedingly involved in R&D activities; likewise, their researchers produce many scientific
articles (Chang, 2014; Godin, 1996). Depending on the complexity of the MNC’s organization and the geographical location
of its R&D-oriented subsidiaries and corporate research centres, scientific articles can come from a number of domestic and

1 Sassen (1991) argues that global cities have become the most significant sites of the production of innovation. Of course, it is possible to achieve
innovation without conducting R&D activities. This means that companies can be innovative without conducting R&D activities but by purchasing technology
in the market through R&D contracting, licensing of technology and know-how, contracting technical and engineering services, and acquisition of machinery
and equipment related to innovation (Veugelers, 1997; Veugelers and Cassiman, 1999). However, the phenomenon of “production of innovation”, as to be
mentioned by Sassen, is not equivalent to the phenomenon of “purchasing of innovation”, because the former requires conducting advanced R&D activities,
while the latter primarily requires money to buy innovation. Therefore, there is a close connection between R&D activities conducted by companies and
the innovation produced by them.
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foreign cities (Archibugi & lammarino, 1999; Archibugi & Michie, 1995; Cantwell, 1995; Gerybadze & Reger, 1999; Nam &
Barnett, 2011; Santangelo, 2000). Scientific articles published by researchers of MNCs can be examined by two different
geographical approaches:

1. Home city approach: articles produced by companies can be assigned to cities where the decision-making headquarters
are located (i.e. to cities that command the companies’ R&D activities).

2. Host city approach: articles can be assigned to cities where the R&D-oriented subsidiaries and corporate research centres
are located (i.e. to cities where the R&D activities are conducted).

The number of scientific articles assigned to the headquarters of the MNCs represents the power of the headquarters’ cities
as command centres of their global corporate R&D activities. The number of the scientific articles assigned to the locations
of R&D-oriented subsidiaries, corporate research centres, and of course, headquarters of parent companies involved in
R&D activities represents the power of these cities as sites of global corporate R&D activities. Of course, most cities are
both headquarters of MNCs and locations of subsidiaries and corporate research centres, which means that they are not
only command points for the companies’ R&D activities, but locations where research activities are conducted. However,
according to our hypothesis, global cities, i.e. New York, Tokyo, London, and Paris, are at the top of the hierarchy regarding
both approaches; that is, they are supposed to have the largest number of scientific articles as headquarters’ cities (home
city approach) and as sites of R&D activities (host city approach) as well.

The structure of the paper is as follows: first, we demonstrate the theoritical background of the research, then in the
empirical analysis of the paper, after introducing the data and methodology, we present the general and specific results of
the research, ranking the cities on the basis of both approaches. Finally, we draw conclusions and point out future directions
for study.

2. Theoretical background of the research
2.1. Position of R&D-oriented subsidiaries in the organization of companies

Multinational corporations are the main drivers for the internationalization of innovation activities (see, for example,
Cantwell, 1995; Gerybadze & Reger, 1999; Narula & Zanfei, 2004). Based on their R&D capacity, leading MNCs belong to
the most significant research organizations in the world, which is represented by their huge amount of patents and scien-
tific articles, as well as their extremely large R&D expenditure?. Recently, MNCs have become very complex organizations
regarding their R&D activities. According to Santangelo (2000: 275), “the shift towards a knowledge-based economy involves
a shift in organisation away from top-down hierarchical infrastructures to flatter structures based on intra-firm networks of
semi-autonomous corporate subsidiaries.” In the 21st century’s post-industrial knowledge-based economy, those companies
have become the most competitive business organizations that consider knowledge to be their most strategically impor-
tant resource (Crespo et al., 2014; Kogut & Zander, 1993; Roth et al., 2009). Porter and van der Linde (1995) indicate that
international competitiveness is based on innovation; therefore, MNCs tend to locate their R&D facilities into the most inno-
vative environment in order to improve their organization’s ability to leverage knowledge (D’Agostino & Santangelo, 2012;
Gerybadze & Reger, 1999; Pearce, 1999; Zander, 1999). Adenfelt and Lagerstrom (2006: 382) claim that “the differentiated
MNC is more favourably positioned for leveraging of knowledge than the non-differentiated MNC, simply because of its access to
more knowledge networks; both internal and external.” According to Crespo et al. (2014), subsidiaries serve as key knowledge
nodes capable of acquiring, converting, and transferring knowledge throughout the MNC. While Michailova and Mustaffa
(2012) assert that subsidiaries are increasingly acknowledged as sources of knowledge both for the headquarters and for the
peer subsidiaries. Nevertheless, even functionally different subsidiaries compete within the organization of the MNC to gain
resources (Birkinshaw & Hood, 1998; Birkinshaw, 1996; Mudambi & Navarra, 2004). Mudambi et al. (2014: 109) indicate
that “a subsidiary that controls technology-focused resources and the technology-related function of the MNC’s value chain gain
strategic power in the firm, while subsidiaries that control business-related resources exercise decision-making power over the
business-related functions of the value chain but they do not influence the strategic direction of the firm.”

Concluding, we can state that globally competitive MNCs consider innovation and knowledge as vitally important to the
success of the company and look to establish a network of competitive R&D-oriented subsidiaries within their organizations.
In the era of the post-industrial knowledge-based economy, those cities have become important economic nodes that
successfully attract innovative companies and their R&D-oriented subsidiaries and corporate research centres. According
to Sassen’s (2001) global city concept, these cities are the global cities as outstanding sites of the production of innovation.
To prove this assumption, we conducted a bibliometric analysis of scientific articles published by researchers from leading
multinational companies.

2 In 2011, in terms of R&D expenditure, Johns Hopkins University was ranked first among the higher education institutions in the United States spending
$2.1 billion on R&D activities, however, Johns Hopkins only ranked 53rd in the corporate R&D ranking of 2011. Moreover, the R&D expenditures of the
leading ten multinational companies exceeded that of the United States’ whole higher education sector (National Science Foundation, 2012; EU Economics
of Industrial Research and Innovation, 2012).
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2.2. Scientific articles reflecting on the R&D capacity of companies

Measuring the scientific performance, innovation and R&D capacity, and knowledge transfer intensity of companies
through the number and/or citation data of scientific articles is only matter of methodology, a form of bibliometric analysis
(see, for example, Abramo & D’Angelo, 2015; Calero, Van Leeuwen, & Tijssen, 2007; Chang, 2014; Godin, 1996; Halperin
& Chakrabarti, 1987; Han, 2007; Hicks et al., 1994; OECD, 2011; Tijssen & van Leeuwen, 2006; Tijssen, 2004; Wong &
Goh, 2010, among others). Furthermore, the motivations of corporate researchers when publishing scientific articles in
academic journals is frequently studied; whether the individual’s interest is to create articles to meet the business interest
of companies; how the purpose of patent application influences the scientific content of articles, and whether companies
consider their R&D activities to be a marketing message to attract outside researchers (Archambault & Lariviére, 2011; Godin,
1996; Hicks, 1995; Kinney, Krebbers, & Vollmer, 2004; Li, Youtie, & Shapira, 2015; Narin, Noma, & Perry, 1987; Rosenberg,
1990). However, regarding the aims of this analysis, it is more important to understand when the process of creating scientific
articles appears among the phases of the innovation chain. The international competitiveness of world leading companies
is fundamentally influenced by their innovation performance (Kafouros, 2008). Applied research is essential for companies
to invent new patentable technologies that contribute to the profitability of the company. Patented technologies are the
catalyst of such new products and efficient services that increase the revenues, profits, and market values of companies
(Jaffe, 1986; Narin et al., 1987). Moreover, they help monopolize the position of companies in the global markets, which
is subsequently translated into economic benefits (Archambault & Lariviere, 2011). While the importance and necessity
of applied research is favourably recognized by the companies, basic research has an uncertain position in the corporate
R&D portfolio. According to Rosenberg (1990: 165), companies “will spend their own money on basic research only when
they are reasonably confident that it will yield a rate of return on this investment in the generation of knowledge that is at least
comparable to the rate of return that they would expect in some other form of investment in more tangible capital.” For profit-
oriented business organizations, the long-term return on basic research investments is a crucial factor because it may risk
the profitability of the company. Thus, such companies can afford to carry out a wide range of basic research that has strong
positions in the market. Narin et al. (1987) indicate that the main goal of R&D activities in the product life cycle is to produce
scientific innovations (which result in scientific publications), which then lead to technological innovations (which result in
patents).

Furthermore, there is a very important reason why corporate researchers are encouraged to publish their works in
scientific journals. It is necessary to mention that most companies, especially those that are involved in high-tech industries,
have a comprehensive intellectual property (IP) strategy as part of their corporate strategy. One important component of
IP strategy is defensive publishing, which is an increasingly common tactic for protecting intellectual property. Defensive
publishing is generally used by companies to disclose an invention to the public preventing other companies from claiming
patents in the same area (Paasi, Valkokari, & Rantala, 2012.). According to Barrett (2002) successful defensive publication
renders the competitor’s invention obvious or lacking in novelty. Regarding the fact that in some industries competition
between companies has become even more aggressive the phenomenon of defensive publishing significantly contributes to
the increase of the number of articles published by corporate researchers.

In conclusion, it can be asserted that the opportunity of creating scientific articles by corporate researchers primarily
belongs to those innovation-oriented powerful multinational companies that have strong basic research components in
their R&D portfolio, and to companies for whom defensive publishing is a key component of their IP strategy. A num-
ber of studies demonstrate that these multinational companies operate in high-technology industries (e.g. aerospace
and defence, biotechnology, communication technology, electronics, information technology, pharmaceuticals), and in
some traditional industries that are highly involved in basic research (e.g. conglomerates, and different types of chem-
ical industries) (Chang, 2014; Halperin & Chakrabarti, 1987; Hicks et al., 1994; Rosenberg, 1990; The New York Times
2002).

3. Data and methodology
3.1. Data collection

3.1.1. Multinational companies and industry classification

The world’s largest multinational companies are ranked annually by Fortune 500 and Forbes 2000. In this analysis, we
focus on the Forbes 2000 database for 2014, which ranks the world largest 2000 market-listed companies on the basis
of a complex index that combines revenues, market values, assets and profits. Forbes classifies these companies into 81
industries; however, the global economic significance of these industries can be regarded as very different. For example,
223 companies are classified into the Regional Banks industry while the Leisure Products industry contains only one. Forbes’
industry taxonomy roughly corresponds to that of the Global Industry Classification Standard (GICS) developed by MSCI Inc.
and Standard & Poor’s. The GICS classifies industries into ten industry sectors: Consumer Discretionary, Consumer Staples,
Energy, Financials, Health Care, Industrials, Information Technology, Materials, Telecommunication Services, and Utilities.
In this analysis, we classify the 81 Forbes’ industries into the ten GICS industry sectors to reduce the differences between
industries.
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3.1.2. Data source of the scientific articles

In this paper, we conducted a bibliometric analysis of data in the Scopus database. Scopus is the largest abstract and
citation database, including almost 22,000 titles (20,800 peer-reviewed journals, 367 trade publications, and more than
400 book series) from 5000 publishers, and 6.4 million conference papers (Elsevier, 2014). Scopus offers the broadest, most
integrated coverage available of scientific, technical, medical and social sciences including arts & humanities literature. A
disadvantage of Scopus is that it does not have complete citation information for articles published before 1996 (Hengl,
Minasny, & Gould, 2009; Vieira & Gomes, 2009). However, considering the purpose of this analysis, Scopus is the most
appropriate database; this is because it not only contains information on bibliometric data of parent companies, but also
takes into account every single component of the company’s organization (headquarters of parent companies, subsidiaries,
corporate research centres, and branch offices). As of March 31, 2015, researchers employed by Forbes 2000 companies
had 1,434,444 scientific articles (i.e. journal articles, conference papers, and book chapters) in Scopus. Regarding their
bibliometric characteristics, the Forbes 2000 companies can be classified into four groups:

1) 1215 companies, especially companies involved in Financials, do not have any scientific articles in Scopus.

2) Several high-tech manufacturing companies and large industrial conglomerates have a globally significant network of
subsidiaries and corporate research centres; therefore, the geographical distribution of their articles is very wide. For
example, only 30 percent of the Swiss-based ABB industrial conglomerate’s scientific articles belong to its Zurich head-
quarters, while 70 percent of the articles come from 29 subsidiaries and research centres in 25 cities on five continents.
The Forbes 2000 companies control 1186 subsidiaries, branches, and corporate research centres of which researchers
have scientific articles in Scopus.

3) Some companies, especially those that are involved in Financials, Utilities, and Consumer Staples, R&D activities are carried
out in their headquarters only. For example, for companies involved in Financials, the ratio of headquarters/subsidiaries
with articles in Scopus is 1:0.05 (Utilities: 1:0.23; Consumer Staples: 1:0.25). Which means that every 20th company
has a subsidiary that has scientific articles, while the ratio for companies involved in Information Technology is 1:2.24
(Health Care: 1: 2.07; Materials: 1: 0.97).

4) The fewest number of companies R&D activities are carried out in only one city which is not home to its headquarters.
This phenomenon is especially characteristic of companies that relocate their headquarters abroad for several reasons
(usually due to tax optimization); however, with the exception of the companies’ management, all other activities, even
manufacturing and R&D, remain in the former headquarters city. For example, the Cleveland, Ohio-based industrial
conglomerate, Eaton Corporation relocated its headquarters to Dublin, Ireland in 2012, while the company’s R&D activities
continue to be carried out in Cleveland (i.e. its scientific articles in Scopus originate from Cleveland).

3.1.3. Territorial demarcation

In light of the world city approach (see, Friedmann, 1986; Hall, 1966), we organized individual cities and towns into
larger metropolitan areas. Florida and Jonas (1991), Lyons and Salmon (1995) and Sassen (2006) all stress that in the United
States (and later in Western Europe), the relocation of headquarters from large cities to suburban areas (i.e. small cities,
towns, villages) has become quite common since the 1970s. This phenomenon is what Florida and Jonas (1991) refer to as
the decentralization of corporate organizations. According to Garreau (1991), Brenner (2002), and Ross and Levine (2012),
this development has resulted in a significant change in the suburban network of metropolitan areas: suburbs began to have
an active role in the economy, even in R&D activities. This latter process has also been highlighted by Grossetti et al. (2014)
who examine the spatial distribution of scientific activities in countries worldwide considering metropolitan areas to be the
basic territorial units of their analysis.

The New York metropolitan area is the best example to illustrate this phenomenon: New York City is the most significant
headquarters city in the New York metropolitan area (63 percent of the companies headquartered in New York City). How-
ever, American and foreign Forbes 2000 companies settle headquarters, subsidiaries, branch offices, and corporate research
centres in 47 smaller cities in the metropolitan area.

Metropolitan areas in the world are usually demarcated by national statistical offices, Metropolitan Statistical Areas
in the United Sates are defined by the Office of Management and Budget, and Functional Urban Areas are defined by the
ESPON project in the European Union (www.espon.eu). We assigned the Forbes 2000 companies and their 1186 subsidiaries,
branches, and corporate research centres to 520 metropolitan areas.

3.2. Methodology

We approached this analysis from two viewpoints, which resulted in two different geographical aspects of corporate
R&D activities. First, we assigned all scientific articles created at the company’s headquarters, subsidiaries, branch offices
and corporate research centres to the headquarters city; that is, to the city from which the company’s whole organization is
controlled. Thus, for example, all scientific articles of the Dutch conglomerate, Royal Philips, were assigned to its headquarters
city, Amsterdam. However, less than 6 percent of the articles came from its headquarters. Second, we assigned the company’s
scientific articles to cities where its R&D activities were conducted, that s, to cities in which the articles were created. Quoting
the above example, most of Royal Philips’ articles came from 24 subsidiaries located in 19 cities in ten countries; moreover,
60 percent of them were created in Philips Research Eindhoven. These two approaches may lead to extreme variations: on the
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Table 1

Scientific articles of Forbes 2000 companies by industry sectors.
GICS sector No. of MNCs No. of subsidiaries, and R&D centres Total No. of articles Articles/MNC Articles/total
Consumer Discretionary 247 76 323 97,389 394 302
Consumer Staples 153 39 192 38,891 254 203
Energy 126 68 194 102,001 810 526
Financials 587 27 614 8695 15 14
Health Care 91 188 279 316,265 3475 1134
Industrials 325 312 637 297,167 914 467
Information Technology 105 235 340 339,102 3230 997
Materials 194 189 383 142,769 736 373
Telecommunication Services 62 27 89 62,985 1016 708
Utilities 110 25 135 29,180 265 216
TOTAL 2000 1186 3186 1,434,444

one hand, in spite of being the home of many corporate research centres or R&D-oriented subsidiaries, certain headquarters
cities can have a large number of scientific articles (as if they were important research nodes), and on the other, in spite of
being the headquarters of many global MNCs, some cities can have many scientific articles because they are significant sites
of corporate R&D activities. Of course, several world cities, especially the largest ones, such as New York, Tokyo, London, and
Paris, act as both important command and control centres in the world economy (Csomas, 2013), and as sites of subsidiaries
and corporate research centres of domestic and foreign MNCs (Alderson & Beckfield, 2012; Lyons & Salmon, 1995). This
means that the largest global cities are supposed to be at the top of the hierarchy by having the largest number of scientific
articles by either approach.

4. Results
4.1. General results

4.1.1. Correlation between industry sectors and scientific articles

The largest industry sector of Forbes in terms of the number of the companies is the Financials, comprising 30 percent
of all companies (Table 1). The combined number of companies of the second and third largest sectors, Industrials and
Consumer Discretionary, do not reach that of the Financials. However, considering the number of companies that have
scientific articles in Scopus, the Industrials sector is ranked top thanks to the industrial conglomerates and their large
network of subsidiaries. It can be seen in Table 1 that despite having less than one fifth and one third companies than
the Financials and the Industrials, the Information Technology sector is in the leading position in terms of the number of
the scientific articles and is ranked second regarding their per-company values. Because companies involved in the Health
Care sector, especially in the Pharmaceuticals industry, have the second largest number of scientific articles in Scopus, even
though their number is very few in Forbes (91), it is not surprising that they have exceptional per-company values (6784
articles per company). As has been mentioned previously in terms of the number of Forbes 2000 companies, the Financials
sector ranks top; however, all companies in the sector have fewer articles in Scopus than that of the Eastman Kodak (47th
in the corporate ranking).

In conclusion, we can state that those cities have the largest number of scientific articles that are home to companies
primarily involved in Health Care, Information Technology, and Industrials sectors.

4.1.2. Ranking companies by the number of scientific articles

The largest number of the Forbes 2000 companies’ scientific articles comes from IBM, which accounts for six percent
of all articles, and almost 25 percent of the articles of the Information Technology sector (Table 2). Scientific articles of
IBM originate from 14 subsidiaries and corporate research centres; however, 70 percent of them belong to the Thomas J.
Watson Research Center (Yorktown Heights, New York) and their headquarters (Armonk, New York). The second largest
number of articles comes from Alcatel-Lucent. The company was formed in 2006 by the merger of Alcatel (France) and
Lucent Technologies (United States), and because the acquisition was initiated by Alcatel, the common headquarters of the
new company was relocated to Paris. Lucent Technologies brought to the merger the prestigious Bell Laboratories (Murray
Hill, New Jersey), the largest research centre in the telecommunication industry, possessing more than 30 thousand patents
at that time. However, the scientific superiority of the American part of Alcatel-Lucent is clearly represented by the fact
that 83 percent of the company’s articles come from Bell Labs (that is, it could be the second largest individual company
in terms of the number of the articles) in contrast with the 10 percent share of the Paris headquarters.? Alcatel-Lucent is a

3 The Finnish-based Nokia announced that it would acquire Alcatel-Lucent for $16.6 billion in 2015 to become the leading network equipment provider
in the world, surpassing its Swedish rival Ericsson (Forbes, 2015). The headquarters of the company will most likely remain in Espoo (Helsinki metropolitan
area); that is, Paris will lose its significant position as command and control centre of corporate R&D activities, while the position of Murray Hill (New York
metropolitan area) will not change.
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Leading companies by the number of scientific articles.

Rank MNC Country Industry No. of articles Percentage within the
sector
1 IBM United States Information Technology 83,669 24.67
2 Alcatel-Lucent France Information Technology 61,501 18.14
3 Pfizer United States Health Care 43,302 13.69
4 GlaxoSmithKline United Kingdom Health Care 36,743 11.62
5 NTT Japan Telecommunication Services 35,106 55.74
6 General Electric United States Industrials 29,900 10.06
7 Novartis Switzerland Health Care 29,024 9.18
8 Hitachi Japan Industrials 28,719 9.66
9 Merck & Co. United States Health Care 27,928 8.83
10 Royal Philips Netherlands Industrials 27,553 9.27
11 Roche Holding Switzerland Health Care 27,421 8.67
12 Siemens Germany Industrials 25,768 8.67
13 E. I. du Pont de Nemours United States Materials 20,646 14.46
14 Microsoft United States Information Technology 20,610 6.08
15 Bayer Germany Materials 20,157 14.12
16 NEC Japan Industrials 19,347 6.51
17 Intel United States Information Technology 18,205 5.37
18 Eli Lilly & Co. United States Health Care 17,759 5.62
19 Sanofi France Health Care 17,570 5.56
20 Hewlett-Packard United States Information Technology 17,256 5.09
21 Toshiba Japan Industrials 17,219 5.79
22 Exxon Mobil United States Energy 15,561 15.26
23 Bristol-Myers Squibb United States Health Care 15,357 4.86
24 AstraZeneca United Kingdom Health Care 15,201 4.81
25 Boeing United States Industrials 14,734 4.96

typical example of how profitable multinational companies broaden their scientific portfolio by acquiring companies that
have significant R&D activities (Bena & Li, 2014).

The Industrial sector’s largest companies in terms of the number of scientific articles are conglomerates (General Electric,
Royal Philips, and Siemens) and electronics companies (Hitachi, NEC, and Toshiba). This is due to the fact that companies
belonging to both types of companies have similar production structures. General Electric (GE) is the largest industrial
conglomerate in the world; it operates in some low-technology industries (e.g. mining) as well as innovation-oriented high-
technology industries (e.g. aerospace, health care). Moreover, 25 percent of the company’s revenue is generated by financial
businesses (GE, 2014). It is not surprising that the majority of the conglomerates and electronics companies’ scientific
articles (e.g. 90 percent of GE’s articles) come from their high-technology segment. Because these companies have complex
production structures, the scientific subject areas of their articles also tend to be very broad.

As can be seen in Table 2, one-third of the leading companies are involved in the Health Care sector. It is common for these
companies to be part of the Pharmaceuticals industry, of which, companies contribute to less than 50 percent of the total
number of the companies in the sector but have 88 percent of all articles. The largest non-Pharmaceuticals company is the
American biotechnology firm, Amgen, standing in 11th position. In the ranking of leading companies, Pfizer (United States)
and GlaxoSmithKline (United Kingdom) are in 3rd and 4th positions. These pharmaceutical companies’ share, in terms of the
number of scientific articles in the Health Care sector, is 25 percent. In contrast to companies involved in other industries,
a specific characteristic of pharmaceutical companies is that the volume of their R&D activities is extremely high (Calero
etal., 2007); that is, many researchers at numerous pharmaceutical companies create many scientific articles. Furthermore,
the Health Care sector, especially the Pharmaceuticals industry, is characterized by numerous relocations, which is a natural
consequence of mergers and acquisitions, and the effort of multinational companies to optimize their tax burdens.

Nippon Telegraph & Telephone (NTT) is the most dominant company in its industry sector, having 56 percent of the total
number of articles in the Telecommunication Services sector. The main reason for this is that the innovation potential of NTT
is served by the largest network of research institutes in the industry.* While the Japanese NTT is 5th in the global ranking of
leading companies, having more than 35 thousand articles, its rival in the sector, the French-based, Orange (formerly France
Télécom), has 7100 articles and is only 54th.

Despite the fact that Financials is the largest industry sector in terms of the number of Forbes 2000 companies, it has the
fewest number of scientific articles in Scopus. The American real estate investment trust, Weyerhaeuser, tops the Financials
sector (210th in the global ranking) having 833 articles. However, the company is involved not only in financial businesses,
but is also one of the world’s largest private owners of timberlands (Sun, Rahman, & Munn, 2013). As such, 90 percent of
its articles derive from the subject areas of Agricultural and Biological Sciences, Engineering, Environmental Sciences, and

4 NTT Basic Research Laboratories (http://www.brl.ntt.co.jp/E/introduction/introduction.html).
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Table 3
The number of articles assigned to both home countries and host countries.
Rank Country No.of MNCs  No. of articles assigned Rank Country No. of subsidiaries,and  No. of articles assigned
to home countries R&D centres to host countries
1 United States 565 611,532 1 United States 573 681,800
2 Japan 226 248,684 2 Japan 124 236,776
3 France 66 120,272 3 Germany 120 90,424
4 Switzerland 48 87,326 4 United Kingdom 78 85,686
5 Germany 52 86,686 5 France 54 71,762
6 United Kingdom 94 80,641 6 Switzerland 45 52,242
7 Netherlands 27 66,194 7 Netherlands 35 49,739
8 South Korea 61 30,019 8 China 66 31,595
9 China 207 25,194 9 South Korea 31 29,882
10 Finland 12 11,330 10 Sweden 20 15,671
11 Denmark 14 8041 11 Finland 25 10,330
12 Sweden 26 7570 12 India 63 9935
13 India 53 6937 13 Denmark 17 7924
14 Taiwan 47 6084 14 Canada 72 7351
15 Norway 9 5272 15 Italy 17 6772

Material Sciences. Excluding Weyerhaeuser, the German insurance company, Allianz (223 articles, 378th position), and the
Bank of Greece (162 articles, 418th position) are in key leading positions.

4.1.3. Spatial classification of articles of MNCs by home countries and host countries

The spatial classification of articles produced by MNCs can be investigated on the basis of two approaches: (1) assigning
articles to home countries, i.e. to countries that are home to headquarters of MNCs; (2) assigning articles to host countries,
i.e. to countries that host subsidiaries, R&D centres and headquarters where research is conducted.

Most Forbes 2000 companies are headquartered in the United States and Japan; therefore, it is not surprising that the
majority of the scientific articles come from these two countries (Table 3). As home countries, France and Switzerland are in a
better position than as host countries because in the latter relation both Germany and the United Kingdom surpass them. The
reason for this is that several France-based and Switzerland-based large MNCs tend to conduct their R&D activities outside of
their own country: approximately 40-40 percent of both countries’ scientific articles are created in their foreign subsidiaries
and research labs. The United States hosts the largest number of foreign-owned (primarily Japanese and Western European)
research-oriented subsidiaries and R&D centres, while Canada is the main target area of MNCs from the United States.

Among both the major home countries and host countries there are only two emerging economies: 60 percent of the
scientific articles of developing countries come from China, and 20 percent of them from India.

4.2. Ranking cities on the basis of the home city and the host city approaches

4.2.1. Home city approach: cities that command the MNCs’ R&D activities

Hall (1966), Friedmann (1986), and Sassen (2001) all stress that New York, London, Tokyo, and Paris are all included in
the major global cities/world cities. Furthermore, according to Godfrey and Zhou (1999), Alderson and Beckfield (2004),
Taylor and Csomos (2012), and Csomoés, 2013, these cities are the leading command and control centres of the global
economy by acting as the headquarters of powerful MNCs. Therefore, global cities are also the most important command
points of worldwide corporate R&D activities, which is supported by the fact that they have the largest number of scientific
articles. It can be seen in Table 4 and Fig. 1 that Tokyo, New York, Paris, and London (especially the former two) excel in
terms of the number of articles; they have 42 percent of all scientific articles, however only 18 percent of the Forbes 2000
companies are headquartered in them. Perhaps the leading position of the four global cities is not surprising considering
that they comprise not only the majority of the most powerful multinational companies in the world but also many start-up
companies involved in the fastest growing industries, such as nanotechnology, biotechnology, and information technology.
Furthermore, companies that have been operating for a long time, primarily in the chemical industry, pharmaceuticals and
electronics, significantly affect the number of articles in their headquarters cities. For example, the Philadelphia-based E. L.
du Pont de Nemours, founded in 1802, has more than 20 thousands articles in Scopus, in contrast to Google Inc. (located
in the Mountain View San Jose metropolitan area), which has 3750 articles in Scopus but has only been operating since
1998. However, researchers at DuPont published 342 articles in 2014 while researchers at Google created 516 articles, that
is, the gap between these companies has been closing. The DuPont-Google example clearly illustrates how the scientific
performance of companies involved in traditional and modern industries has been shifting. In the recent past, technological
change has occurred at a rapid pace, due to fast-growing industries like nanotechnology, biotechnology, and information
technology (Hullmann & Meyer, 2003; Nicolini & Nozza, 2008). For this reason, cities that host leading companies involved in
modern industries (for example, San Jose and Boston) will have an increasing number of scientific articles and will overtake
the global cities.

Headquarters cities with more than 10 thousand articles were located in the following well-defined geographical areas:
(1) the East Coast of the United States, the surroundings of the Great Lakes, the Texas Triangle, and the San Francisco Bay
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Table 4

Ranking home cities by the number of scientific articles of MNCs.

Rank Metros/cities Country No. of MNCs No. of articles assigned Percentage within the
to home cities dataset
1 Tokyo Japan 147 205,718 14.34
2 New York United States 88 191,369 13.34
3 Paris France 62 118,749 8.28
4 London United Kingdom 76 80,293 5.60
5 Basel Switzerland 7 59,405 4.14
6 Amsterdam/Randstad Netherlands 22 59,187 413
7 San Jose United States 28 56,330 3.93
8 Bridgeport United States 12 40,919 2.85
9 Chicago United States 34 36,914 2.57
10 Dallas United States 22 35,281 2.46
11 Munich Germany 9 34,239 2.39
12 Osaka/Keihanshin Japan 31 33,406 2.33
13 Cologne/Rhine-Ruhr Germany 15 29,868 2.08
14 Washington United States 17 27,273 1.90
15 Seoul South Korea 53 26,384 1.87
16 Detroit United States 10 26,680 1.86
17 Seattle United States 10 21,686 1.51
18 Philadelphia United States 14 21,578 1.50
19 Beijing China 53 20,863 1.45
20 Indianapolis United States 4 17,849 1.24
21 Boston United States 14 17,258 1.20
22 Houston United States 28 15,118 1.05
23 San Francisco United States 19 13,163 0.92
24 Zurich Switzerland 25 12,630 0.88
25 Helsinki Finland 12 11,330 0.79
26 Geneva Switzerland 5 10,891 0.76
27 Midland, Michigan United States 1 10,332 0.72
28 Oxnard United States 1 9493 0.66
29 Mannheim/Rhine-Neckar Germany 5 9429 0.66
30 Rochester United States 3 8680 0.61
31 Minneapolis United States 16 8630 0.60
32 Copenhagen Denmark 10 7897 0.55
33 St. Louis United States 8 7628 0.53
34 Cincinnati United States 7 7417 0.52
35 Nagoya/Chukyo Japan 16 6347 0.44
36 Stockholm Sweden 23 4857 0.34
37 Stavanger Norway 2 4793 0.33
38 Dublin Ireland 18 4710 0.33
39 Rome Italy 6 4448 0.31
40 Los Angeles United States 18 4365 0.30
41 Hartford United States 6 4349 0.30
42 Frankfurt/Rhine-Main Germany 8 4317 0.30
43 Stuttgart Germany 4 4265 0.30
44 Lausanne Switzerland 3 4222 0.29
45 Corning United States 1 4010 0.28
46 Heerlen/South Limburg Netherlands 2 3888 0.27
47 Rio de Janeiro Brazil 4 3855 0.27
48 Brussels Belgium 12 3722 0.26
49 Hannover-Wolfsburg Germany 5 3562 0.25
50 Mumbai India 21 3513 0.24
Top 50 metros/cities 1017 1,363,610 95.06
Total of 381 metros/cities 2000 1,434,444 100.00

Area; (2) the London-Paris-Amsterdam triangle and the Cologne-Munich-Basel-Zurich corridor in Europe; (3) East Asia
where megacities, such as Tokyo, Osaka, Seoul, and Beijing create isolated islands.

4.2.2. Host city approach: cities where the R&D activities are conducted

It can be determined that there is clear overlap between the geographical location of the major command and control
centres in the world economy and cities from which corporate R&D activities are controlled. However, the geographical
location of cities where corporate R&D activities are conducted and where scientific articles are created (i.e. host cities of R&D
activities) shows a far different pattern. The main reason for this is that MNCs organize their R&D activities in subsidiaries and
corporate research centres while the headquarters generally remain responsible for only management activities. Companies
tend to locate their R&D-oriented subsidiaries and research centres in the most innovative environment where they can gain
knowledge and skills (D’Agostino & Santangelo, 2012; Fromhold-Eisebith, 2002; Gerybadze & Reger, 1999; Pearce, 1999;
Zander, 1999). Therefore, if a city ranks in the top as a global control centre of corporate R&D activities, it is not guaranteed
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Fig. 1. Mapping the geographical location of home cities with more than 10 thousand articles.

that significant R&D activities are conducted there. The question is whether there are overlaps between the rankings created
by the two approaches and what are the reasons for the differences if any.

From Tables 4 and 5, it can be discerned that Tokyo, London, and Paris host significantly more headquarters than R&D-
oriented subsidiaries and research centres while New York shows a balanced pattern. The main reason for this is that
the majority of the largest financial companies (e.g. banks, insurance companies, real estate investment trusts) tend to be
headquartered in the global cities. However, these companies’ R&D activities are very poor, producing only a few scientific
articles (see Section 3.1.1). Contrast this with cities like San Jose and Boston that host several R&D-oriented subsidiaries and
research centres of companies headquartered in other cities, even in global cities; that is, these cities may have a special role
in the international corporate R&D activities.

Table 5 shows that New York has the largest number of scientific articles and is the most significant site of corporate R&D
activities in the world. Some 70 percent of New York’s articles come from three companies’ four research centres: Pfizer,
two facilities of IBM, and Alcatel-Lucent’s Bell Labs. New York is closely followed by Tokyo. These two cities excel in terms of
the number of articles; in essence, making the world bipolar with regard to corporate R&D activities. Nevertheless, there is
a significant difference between New York and Tokyo in that most articles created in New York come from subsidiaries and
research centres owned by foreign companies (e.g. 25 percent from Bell Labs), while less than one percent of Tokyo's articles
belong to foreign companies’ subsidiaries. San Jose appears between the global cities, London and Paris. San Jose is the
most important American and international centre of the information technology industry; what is more, several European
and Japanese companies involved in information technology, pharmaceuticals, and electronics (for example, Hitachi, Roche
Holding, Royal Philips) operate large research centres in the San Jose/Silicon Valley area. San Jose is one of the fastest growing
sites of corporate R&D activities in the world, which is clearly represented by the fact that the largest number of its scientific
articles was created in 2014.
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Table 5
Ranking host cities of corporate R&D activities by the number of scientific articles.

Rank Metros/cities Country No. of companies, No. of articles assigned Percentage within the
subsidiaries, R&D to cities where dataset
centres research was

conducted
1 New York United States 88 209,377 14.60
2 Tokyo Japan 90 194,773 13.58
3 London United Kingdom 50 79,480 5.54
4 San Jose United States 39 74,691 5.21
5 Paris France 47 68,160 4.75
6 Boston United States 25 39,556 2.76
7 Chicago United States 25 35,361 2.47
8 Osaka/Keihanshin Japan 18 31,351 2.19
9 Basel Switzerland 13 30,434 2.12

10 Munich Germany 21 28,429 1.98

11 Detroit United States 12 27,601 1.92

12 Seoul South Korea 28 26,747 1.86

13 Dallas United States 13 26,157 1.82

14 Philadelphia United States 20 25,243 1.76

15 Cologne/Rhine-Ruhr Germany 29 24,360 1.70

16 Beijing China 28 23,115 1.61

17 Eindhoven Netherlands 2 19,492 1.36

18 Seattle United States 12 18,604 1.30

19 Indianapolis United States 5 17,976 1.25

20 Amsterdam/Randstad Netherlands 19 17,095 1.19

21 Bridgeport United States 6 16,625 1.16

22 Washington United States 13 16,257 1.13

23 San Francisco United States 18 13,858 0.97

24 Houston United States 26 13,599 0.95

25 Los Angeles United States 15 12,540 0.87

26 Albany-Schenectady United States 2 10,805 0.75

27 Zurich Switzerland 18 10,616 0.74

28 Midland, Michigan United States 2 9863 0.69

29 Mannheim/Rhine-Neckar Germany 9 9857 0.69

30 Rochester United States 4 9656 0.67

31 Arnhem-Nijmegen Netherlands 2 9625 0.67

32 Trenton United States 7 9450 0.66

33 Helsinki Finland 19 8975 0.63

34 Cincinnati United States 7 8557 0.60

35 Oxnard United States 1 8454 0.59

36 Copenhagen Denmark 14 7745 0.54

37 Minneapolis United States 12 7593 0.53

38 St. Louis United States 9 7552 0.53

39 Nagoya/Chukyo Japan 6 6587 0.46

40 Brussels Belgium 35 6511 0.45

41 Geneva Switzerland 6 6500 0.45

42 Stuttgart Germany 10 6346 0.44

43 Frankfurt/Rhine-Main Germany 19 6331 0.44

44 Pittsburgh United States 10 5936 0.41

45 Umea Sweden 1 5360 0.37

46 Stavanger Norway 1 4790 0.33

47 Rome Italy 7 4580 0.32

48 Berlin Germany 3 4501 0.31

49 Hamburg Germany 7 4438 0.31

50 Lausanne Switzerland 3 4410 0.31

Top 50 metros/cities 876 1,275,919 88.95
Total of 360 metros/cities 2000 1,434,444 100.00

London is in third position in the ranking, and it shows a very balanced pattern regarding both approaches: the difference
between the numbers of its articles as a headquarters city and as a site of corporate R&D activities is less than one percent.
Paris, on the contrary, as a site of corporate R&D activities dropped a position due to the fact that New York hosts the largest
research centre owned by a French company (i.e. Alcatel-Lucent’s Bell Labs). The difference between the numbers of Paris’s
articles with respect to the two approaches is more than 43 percent.

As canbe seeninTable 5, Bostonis in 6th position, while as a headquarters’ city, it is only in 21st position (see, Table 4), and
the difference between the numbers of its articles is 130 percent. According to Audretsch (1998: 18), much of the innovative
activity is less associated with footloose multinational companies and is more closely associated with high-tech innovative
regional clusters. Owen-Smith and Powell (2004: 9) assert that Boston is a strong candidate for a geographic region where
information could diffuse widely and informally through a thriving technological community and labour market. Therefore,
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Fig. 2. Mapping the geographical location of host cities with more than 10 thousand articles.

it is not surprising that such an innovation-oriented scientific and economic environment has emerged around research
universities (for example, Harvard University and MIT) and high-tech start-up companies (Todtling, 1994) that make Boston
attractive to American and foreign multinational companies (Fig. 2).

When comparing Tables 4 and 5, it can be stated that there is a clear overlap between the geographical distribution of the
locations of the major headquarters’ cities and host cities of R&D activities. However, the most important difference is that
European cities (especially Paris and Amsterdam/Randstad) have a much weaker position as sites of R&D compared to that
of cities in the United States. Emerging economies are only represented by Beijing, in16th position among the leading cities,
followed by Rio de Janeiro in 56th position. By 2014, Beijing had become one of the most significant command and control
centres in the world economy thanks to the massive growth of its financial sector. However, the position of Chinese capital
as a site of corporate R&D activities is still poor, which is represented by the fact that, in spite of being a headquarters for 53
Forbes 2000 companies, 69 percent of its scientific articles come from three oil companies (PetroChina, Sinopec, and CNOOC).
Nevertheless, by building a headquarters’ economy (Pan, Guo, Zhang, & Liang, 2015), besides Chinese firms, Beijing attracts
many foreign multinational companies (for example, IBM, Intel, NEC, and Toshiba), which locate not only their Chinese main
offices to the capital city (see, for example, Wang, 2011), but also their R&D-oriented subsidiaries. For example, Beijing hosts
the largest subsidiary of Microsoft in terms of the number of the articles.

4.2.3. Comparison of the home city approach and the host city approach

Considering the results of the home city and the host city approaches, we have classified cities into four categories. The
classification is based on whether a given city has more or fewer articles as home cities as compared to their being host
cities. Fig. 3 shows the four categories: (1) cities that have more than 10,001 articles as host cities: 5 cities (indicated by dark
red); (2) cities that have 1001-10000 articles as host cities: 31 cities (indicated by light red); (3) cities that have 1001-10000
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Fig. 3. Mapping cities on the basis of whether they have more or fewer articles as home cities as compared to their being host cities.

articles as home cities: 17 cities (indicated by light blue); (4) cities that have more than 10,001 articles as home cities: 6
cities (indicated by dark blue).

As can be seen in Fig. 3, both Tokyo and Paris are included in the fourth category, that is, they have fewer articles as cities
hosting corporate R&D than as home cities; however, in the case of Tokyo, the difference does not seem to be significant.
New York is undoubtedly the most important city in the world for hosting the R&D activities of MNCs. A globally influential
R&D area has emerged on the northeast coast of the United States with Boston and New York in the centre. Bridgeport is a
significant home city (see Table 4) because it is home to General Electric (GE), the world’s largest industrial conglomerate,
however, its position as a city hosting corporate R&D is much weaker. The reason for this that numerous R&D-oriented
GE subsidiaries and research centres operate worldwide, but the largest one in terms of the number of scientific articles is
located in the New York metropolitan area strengthening the position of New York.

It needs mentioning that Scandinavian cities occupy a much better position as cities hosting corporate R&D, in contrast to
Dublin and Amsterdam (see, Table 6). In the past two decades, Dublin has become the home of many high-tech and pharma-
ceutical companies originally headquartered in the United States (for example, Eaton, Ingersoll-Rand, Seagate Technology),
but which have recently registered their head office in Dublin, taking advantage of its low corporate tax rate. However,
in most cases, these companies’ R&D facilities, even the companies themselves remain in the United States. Amsterdam’s
position is almost exclusively influenced by the presence of Royal Philips: the company is headquartered in Amsterdam, but
its largest research centre, which is responsible for 60 percent of its articles, is located in Eindhoven.
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Rank Host cities Country No. of articles Home cities Country No. of articles
1 Boston United States 22,298 Paris France 50,589
2 San Jose United States 18,361 Amsterdam Netherlands 42,092
3 New York United States 18,008 Basel Switzerland 28,971
4 Eindhoven Netherlands 16,373 Bridgeport United States 24,294
5 Albany United States 10,805 Washington United States 11,016
6 Arnhem Netherlands 9625 Tokyo Japan 10,945
7 Trenton United States 9346 Dallas United States 9124
8 Los Angeles United States 8175 Munich Germany 5810
9 Umea Sweden 5360 Cologne Germany 5508

10 Berlin Germany 4501 Dublin Ireland 4408

11 Pittsburgh United States 4127 Geneva Switzerland 4391

12 Cambridge United Kingdom 4025 Seattle United States 3082

13 Hamburg Germany 3904 Helsinki Finland 2355

14 Philadelphia United States 3665 Osaka Japan 2055

15 San Antonio United States 3300 Mumbai India 2027

16 Jacksonville United States 3132 Zurich Switzerland 2014

17 Austin, Texas United States 2872 Chicago United States 1553

18 Brussels Belgium 2789 Houston United States 1519

19 Vasteras Sweden 2507 Taipei City Taiwan 1198

20 Norwich United States 2453 Oxnard United States 1039

21 Toronto Canada 2260 Minneapolis United States 1037

22 Beijing China 2252 Heerlen Netherlands 1033

23 Stuttgart Germany 2081 Delhi India 1012

24 Frankfurt Germany 2014 Stockholm Sweden 923

25 Bangalore India 1950 London United Kingdom 813

26 Santa Cruz United States 1926 Suwa Japan 714

27 Vienna Austria 1905 Providence United States 529

28 Auckland New Zealand 1875 Midland, Michigan United States 469

29 Uppsala Sweden 1697 Johannesburg South Africa 460

30 Montreal Canada 1534 Luxembourg Luxembourg 388

31 Pune India 1449 Gothenburg Sweden 329

32 Greenville United States 1294 Malmé Sweden 240

33 Taoyuan City Taiwan 1268 New Haven United States 235

34 Shanghai China 1237 Findlay United States 215

35 Cleveland United States 1236 Milwaukee United States 214

36 Cincinnati United States 1140 Memphis United States 206

37 Nuremberg Germany 998 Atlanta United States 204

38 Jamshedpur India 996 Graz Austria 175

39 Haifa Israel 992 Niles-Benton Harbor United States 171

40 Villach Austria 977 Davenport United States 159

41 Rochester United States 976 Corning United States 156

42 Canton United States 962 Copenhagen Denmark 152

43 Korla City China 925 Salt Lake City United States 145

44 Siena Italy 923 Aarhus Denmark 144

45 Detroit United States 921 Seoul South Korea 137

46 Marietta United States 917 Mirny Russia 83

47 Syracuse United States 832 Kingsport United States 76

48 Manchester-Nashua United States 810 St. Louis United States 76

49 Lyon France 790 Yingtan China 69

50 Shunan Japan 773 Hartford United States 66

5. Conclusion

In her pioneer work, Sassen (1991, 2001) defines global cities as the most important command and control centres in
the world economy and as sites of production, including the production of innovation, in leading industries. That is, on
the one hand, global cities are home to headquarters of the largest MNCs in the world, and on the other hand, they host
the majority of the R&D activities of MNCs. In this paper, we put Sassen’s theory to the test by conducting a bibliometric
analysis. According to our hypothesis, not only are the largest MNCs headquartered in the global cities, but as their role as
the most innovative areas in the world, the cities also host the R&D-oriented subsidiaries, branches, and corporate research
centres of domestic and foreign MNCs. In order to confirm this hypothesis, we compared the number of scientific articles
about the Forbes 2000 companies in the Scopus database with respect to two approaches: in the first case, we assigned all
articles written about MNCs to headquarters’ cities (home city approach), while in the second case, we assigned articles to
cities where the research was conducted, and the articles were created (host city approach). In light of our hypothesis, New
York, London, Tokyo, and Paris ranked at the top of the hierarchy by having the largest number of scientific articles by either

approach.
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The results show that the cities of New York and Tokyo excel far above the others. New York, in particular, seems to be the
most important node for global corporate R&D activities while Tokyo primarily hosts the corporate R&D activities of globally
influential domestic companies. London’s position among the global cities is undoubtable based on both approaches, but Paris
has a better position as a city of headquarters (3rd position) than a city hosting corporate R&D activities (5th position). We
have found two cities that may have a leading role as nodes of global corporate R&D activities in the future. Both of them are
homes to the world’s fastest growing industries: San Jose is the international centre of the information technology industry,
and Boston is the leading global hub of the biotechnology industry. In both rankings, only one city appears from the emerging
economies, namely Beijing; which is still one of the leading command and control centres in the world economy. Moreover,
its role as a major node of corporate R&D activities is predictable (see, for example, Zhou, 2005; Liefner, Hennemann, & Lu,
2006; Andersson, Gunessee, Matthiessen, & Find, 2004).

Acknowledgement

This paper is supported by the Janos Bolyai Research Scholarship of the Hungarian Academy of Sciences.

Author contributions

Conceived and designed the analysis: Gyorgy Csomas.
Collected the data: Gyorgy Csomas.

Contributed data or analysis tools: Gyorgy Csomos.
Performed the analysis: Gyorgy Csomos.

Wrote the paper: Gyorgy Csomos, Géza Téth.

Other contribution: Géza Téth performed all figures.

References

Acs, Z.].(2011). Innovation, entrepreneurship and the search for knowledge spillovers. In D. B. Audretsch, O. Falck, & S. Heblich (Eds.), Handbook of research
on innovation and entrepreneurship (pp. 229-244). Cheltenham: Edward Elgar Publishing.

Adenfelt, M., & Lagerstrom, K. (2006). Knowledge development and sharing in multinational corporations: The case of a centre of excellence and a
transnational team. International Business Review, 15(4), 381-400.

Alderson, A. S., & Beckfield, J. (2004). Power and position in the world city system. American Journal of Sociology, 109, 811-851.

Alderson, A. S., & Beckfield, J. (2012). Corporate network of world cities. In B. Derudder, M. Hoyler, P. J. Taylor, & F. Witlox (Eds.), International handbook of
globalization and world cities. Cheltenham: Edward Elgar Publishing.

Abramo, G., & D’Angelo, C. A. (2015). A methodology to compute the territorial productivity of scientists: The case of Italy. Journal of Informetrics, 9(4), 575,
675-685

Andersson, D. E., Gunessee, S., Matthiessen, C. W., & Find, S. (2004). The geography of Chinese science. Environment and Planning A, 46(12), 2950-2971.

Archambault, E., & Lariviére, V. (2011). Scientific publications and patenting by companies: A study of the whole population of Canadian firms over 25
years. Science and Public Policy, 38(4), 269-278.

Archibugi, D., & Michie, J. (1995). The globalisation of technology: A new taxonomy. Cambridge Journal of Economics, 19(1), 121-140.

Archibugi, D., & lammarino, S. (1999). The policy implications of the globalisation of innovation. Research Policy, 28(2-3), 317-336.

Audretsch, D. B. (1998). Agglomeration and the location of innovative activity. Oxford Review of Economic Policy, 14(2), 18-29.

Barrett, B. (2002). Defensive use of publications in an intellectual property strategy. Nature Biotechnology, 20(2), 191-193.

Bena, J., & Li, K. (2014). Corporate innovations and mergers and acquisitions. Journal of Finance, 69(5), 1923-1960.

Birkinshaw, J. (1996). How multinational subsidiary mandates are gained and lost. Journal of International Business Studies, 27, 467-498.

Birkinshaw, J., & Hood, N. (1998). Multinational subsidiary evolution: Capability and charter change in foreign-owned subsidiary companies. Academy of
Management Review, 23, 773-795.

Bonanno, A., & Constance, D. H. (2008). Globalization of the economy and society: Salient interpretations. In A. Bonanno, & D. H. Constance (Eds.), Stories of
globalization: Transnational corporations, resistance, and the state (pp. 17-55). University Park, PA: The Pennsylvania State University Press.

Brenner, N. (2002). Decoding the newest “metropolitan regionalism” in the USA: A critical overview. Cities, 19(1), 3-21.

Calero, C., Van Leeuwen, T. N, & Tijssen, R. J. W. (2007). Research cooperation within the bio-pharmaceutical industry: Network analyses of co-publications
within and between firms. Scientometrics, 71(1), 87-99.

Cantwell, ]. A. (1995). The globalisation of technology: What remains of the product cycle model? Cambridge Journal of Economics, 19(1), 155-174.

Chang, K.-C., Chen, D.-Z., & Huang, M.-H. (2012). The relationships between the patent performance and corporation performance. Journal of Informetrics,
6(1),131-139.

Chang, Y.-W. (2014). Exploring scientific articles contributed by industries in Taiwan. Scientometrics, 99(2), 599-613.

Cohen, R. B. (1981). The new international division of labour, multinational corporations and urban hierarchy. In M. Dear, & A. Scott (Eds.), Urbanization
and urban planning in capitalist societies (pp. 287-316). London/New York: Methuen.

Crespo, C. F.,, Griffith, D. A., & Lages, L. F. (2014). The performance effects of vertical and horizontal subsidiary knowledge outflows in multinational
corporations. International Business Review, 23(5), 993-1007.

Csomds, G. (2013). The command and control centers of the United States (2006/2012): An analysis of industry sectors influencing the position of cities.
Geoforum, 50, 241-251.

Csomds, G., & Té6th, G. (2016). Modelling the shifting command and control function of cities through a gravity model based bidimensional regression
analysis. Environment and Planning A, 48(4), 613-615.

D’Agostino, L. M., & Santangelo, G. D. (2012). Do overseas R&D laboratories in emerging markets contribute to home knowledge creation? An extension of
the double diamond model. Management International Review, 52(2), 251-273.

Dicken, P. (2007). Economic globalization: corporations. In G. Ritzer (Ed.), The Blackwell companion to globalization (pp. 291-306). Malden, MA: Blackwell
Publishing.

Elsevier. (2014). Scopus facts & figures. Amsterdam: Elsevier B.V. http://www.elsevier.com/_data/assets/pdf_file/0007/148714/3859-Scopus-Facts-and-
Figures-LO.pdf,. Accessed 10.04.15

EU Economics of Industrial Research & Innovation. (2012). The 2012 EU industrial R&D investment scoreboard. http://iri.jrc.ec.europa.eu/scoreboard12.html,.
Accessed 22.04.15


http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0005
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0005
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0005
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0005
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0005
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0005
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0005
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0005
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0005
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0005
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0005
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0005
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0005
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0005
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0005
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0005
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0005
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0005
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0005
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0005
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0005
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0005
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0005
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0005
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0005
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0005
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0005
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0005
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0005
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0005
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0005
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0005
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0005
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0010
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0010
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0010
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0010
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0010
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0010
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0010
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0010
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0010
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0010
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0010
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0010
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0010
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0010
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0010
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0010
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0010
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0010
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0010
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0010
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0010
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0010
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0010
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0010
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0010
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0010
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0010
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0015
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0015
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0015
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0015
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0015
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0015
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0015
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0015
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0015
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0015
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0015
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0015
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0015
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0015
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0015
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0015
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0015
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0015
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0020
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0020
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0020
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0020
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0020
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0020
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0020
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0020
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0020
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0020
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0020
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0020
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0020
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0020
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0020
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0020
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0020
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0020
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0020
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0020
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0020
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0020
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0020
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0020
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0020
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0020
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0020
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0020
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0020
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0025
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0025
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0025
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0025
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0025
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0025
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0025
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0025
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0025
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0025
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0025
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0025
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0025
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0025
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0025
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0025
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0025
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0025
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0025
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0025
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0025
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0025
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0025
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0030
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0030
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0030
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0030
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0030
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0030
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0030
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0030
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0030
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0030
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0030
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0030
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0030
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0030
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0030
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0035
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0035
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0035
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0035
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0035
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0035
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0035
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0035
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0035
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0035
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0035
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0035
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0035
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0035
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0035
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0035
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0035
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0035
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0035
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0035
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0035
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0035
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0035
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0035
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0035
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0035
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0035
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0035
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0040
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0040
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0040
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0040
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0040
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0040
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0040
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0040
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0040
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0040
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0040
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0040
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0040
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0040
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0040
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0040
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0040
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0045
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0045
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0045
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0045
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0045
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0045
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0045
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0045
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0045
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0045
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0045
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0045
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0045
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0045
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0045
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0045
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0045
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0045
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0050
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0050
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0050
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0050
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0050
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0050
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0050
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0050
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0050
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0050
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0050
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0050
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0050
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0050
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0050
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0050
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0050
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0050
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0055
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0055
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0055
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0055
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0055
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0055
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0055
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0055
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0055
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0055
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0055
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0055
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0055
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0055
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0055
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0055
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0055
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0060
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0060
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0060
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0060
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0060
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0060
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0060
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0060
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0060
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0060
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0060
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0060
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0060
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0060
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0060
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0065
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0065
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0065
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0065
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0065
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0065
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0065
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0065
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0065
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0065
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0065
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0065
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0065
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0065
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0065
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0065
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0065
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0065
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0065
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0070
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0070
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0070
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0070
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0070
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0070
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0070
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0070
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0070
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0070
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0070
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0070
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0070
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0070
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0070
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0070
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0070
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0070
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0070
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0070
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0070
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0545
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0545
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0545
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0545
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0545
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0545
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0545
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0545
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0545
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0545
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0545
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0545
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0545
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0545
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0545
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0545
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0545
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0545
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0545
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0545
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0545
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0545
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0545
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0545
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0545
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0545
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0545
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0545
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0545
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0545
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0545
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0545
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0545
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0545
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0545
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0545
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0545
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0080
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0080
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0080
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0080
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0080
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0080
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0080
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0080
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0080
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0080
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0080
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0080
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0080
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0080
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0080
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0080
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0080
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0080
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0085
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0085
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0085
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0085
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0085
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0085
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0085
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0085
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0085
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0085
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0085
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0085
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0085
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0085
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0085
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0085
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0085
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0085
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0085
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0085
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0085
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0090
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0090
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0090
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0090
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0090
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0090
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0090
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0090
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0090
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0090
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0090
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0090
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0090
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0090
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0090
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0090
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0090
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0090
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0090
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0090
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0090
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0095
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0095
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0095
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0095
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0095
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0095
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0095
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0095
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0095
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0095
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0095
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0095
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0095
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0095
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0095
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0095
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0095
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0095
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0100
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0100
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0100
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0100
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0100
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0100
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0100
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0100
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0100
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0100
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0100
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0100
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0100
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0100
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0100
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0105
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0105
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0105
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0105
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0105
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0105
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0105
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0105
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0105
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0105
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0105
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0105
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0105
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0105
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0105
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0105
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0105
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0105
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0105
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0105
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0105
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0105
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0105
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0105
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0105
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0105
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0105
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0105
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0105
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0105
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0105
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0105
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0110
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0110
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0110
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0110
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0110
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0110
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0110
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0110
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0110
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0110
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0110
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0110
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0110
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0110
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0110
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0110
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0110
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0110
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0110
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0110
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0110
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0110
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0115
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0115
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0115
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0115
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0115
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0115
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0115
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0115
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0115
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0115
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0115
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0115
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0115
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0115
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0115
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0115
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0115
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0115
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0115
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0115
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0115
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0115
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0115
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0115
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0115
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0115
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0115
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0120
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0120
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0120
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0120
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0120
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0120
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0120
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0120
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0120
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0120
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0120
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0120
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0120
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0120
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0120
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0120
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0120
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0120
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0120
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0120
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0120
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0120
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0120
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0120
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0120
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0120
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0120
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0125
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0125
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0125
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0125
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0125
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0125
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0125
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0125
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0125
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0125
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0125
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0125
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0125
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0125
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0125
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0125
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0125
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0125
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0125
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0125
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0125
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0125
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0125
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0125
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0125
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0125
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0125
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0125
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0130
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0130
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0130
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0130
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0130
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0130
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0130
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0130
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0130
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0130
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0130
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0130
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0130
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0130
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0130
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0130
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0130
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0130
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0130
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0130
http://www.elsevier.com/__data/assets/pdf_file/0007/148714/3859-Scopus-Facts-and-Figures-LO.pdf
http://www.elsevier.com/__data/assets/pdf_file/0007/148714/3859-Scopus-Facts-and-Figures-LO.pdf
http://iri.jrc.ec.europa.eu/scoreboard12.html

G. Csomos, G. Toth / Journal of Informetrics 10 (2016) 516-532 531

Feng, F., Zhang, L., Du, Y., & Wang, W. (2015). Visualization and quantitative study in bibliographic databases: A case in the field of university-industry
cooperation. Journal of Informetrics, 9(1), 118-134.

Florida, R., & Jonas, A. (1991). U.S. urban policy: The postwar state and capitalist regulation. Antipode, 23(4), 349-384.

Forbes. (2015). Nokia buys Alcatel-Lucent for $16.6 billion. http://www.forbes.com/sites/parmyolson/2015/04/15/nokia-buys-alcatel-lucent-for-16-6-
billion/,. Accessed 27.04.15

Fromhold-Eisebith, M. (2002). Regional cycles of learning: Foreign multinationals as agents of technological upgrading in less developed countries.
Environment and Planning A, 34(12), 2155-2173.

Furukawa, R., & Goto, A. (2006). Core scientists and innovations in Japanese electronics companies. Scientometrics, 68(2), 227-240.

Friedmann, J. (1986). The world city hypothesis. Development and Change, 17(1), 69-83.

Frobel, F., Heinrichs, J., & Kreye, 0. (1980). The new international division of labour in the world economy. In F. Frébel, J. Heinrichs, & O. Kreye (Eds.), The new
international division of labour: Structural unemployment in industrialised countries and industrialisation in developing countries (pp. 1-23). Cambridge:
Cambridge University Press.

Gao, X., Guan, J., & Rousseau, R.(2011). Mapping collaborative knowledge production in China using patent co-inventorships. Scientometrics, 88(2), 343-362.

Garreau, J. (1991). The search for the future inside ourselves. In ]. Garreau (Ed.), Edge city (pp. 3-15). New York: Doubleday.

Gavin, B. (2001). Globalisation: Concepts, measurement and actors. In B. Gavin (Ed.), The European union and globalisation: Towards global democratic
governance (pp. 1-29). Cheltenham: Edward Elgar Publishing.

GE [General Electric]. (2014). GE 2014 Annual Report. A New Kind of Industrial Company. Fairfield, CT: General Electric Company.

Gerybadze, A., & Reger, G. (1999). Globalization of R&D: Recent changes in the management of innovation in transnational corporations. Research Policy,
28(2-3),251-274.

Granstrand, O. (1999). Internationalization of corporate R&D: A study of Japanese and Swedish corporations. Research Policy, 28(2-3), 275-302.

Godfrey, B. ]., & Zhou, Y. (1999). Ranking world cities: Multinational corporations and the global urban hierarchy. Urban Geography, 20(3), 268-281.

Godin, B. (1996). Research and the practice of publication in industries. Research Policy, 25, 587-606.

Grossetti, M., Eckert, D., Gingras, Y., Jégou, L., Lariviére, V., & Milard, B. (2014). Cities and the geographical deconcentration of scientific activity: A multilevel
analysis of publications (1987-2007). Urban Studies, 51(10), 2219-2234.

Hall, P. (1966). The metropolitan explosion. In P. Hall (Ed.), The world cities (pp. 6-29). London: Heinemann.

Halperin, M. R., & Chakrabarti, A. K. (1987). Firm and industry characteristics influencing publications of scientists in large American companies. R&D
Management, 17(3), 167-173.

Han, Y.-J. (2007). Measuring industrial knowledge stocks with patents and papers. Journal of Informetrics, 1(4), 269-276.

Hengl, T., Minasny, B., & Gould, M. (2009). A geostatistical analysis of geostatistics. Scientometrics, 80(2), 491-514.

Hicks, D., Ishizuka, T., Keen, P., & Sweet, S. (1994). Japanese corporations, scientific research and globalization. Research Policy, 23(4), 375-384.

Hicks, D. (1995). Published papers, tacit competencies and corporate management of the public/private character of knowledge. Industrial and Corporate
Change, 4(2), 401-424.

Hullmann, A., & Meyer, M. (2003). Publications and patents in nanotechnology: An overview of previous studies and the state of the art. Scientometrics,
58(3), 507-527.

Jaffe, A. B. (1986). Technological opportunity and spillovers of R & D: Evidence from firms’ patents, profits, and market value. American Economic Review,
76(5), 984-1001.

Kafouros, M. L. (2008). Innovation: A competitive weapon or a defense mechanism? In M. I. Kafouros (Ed.), Industrial innovation and firm performance: The
impact of scientific knowledge on multinational corporations (pp. 25-34). Cheltenham: Edward Elgar Publishing.

Kinney, A. ]., Krebbers, E., & Vollmer, S. J. (2004). Publications from industry. Personal and corporate incentives. Plant Physiology, 134(1), 11-15.

Kneller, R., Mongeon, M., Cope, ]., Garner, C., & Ternouth, P. (2014). Industry-university collaborations in Canada, Japan, the UK and USA - With emphasis
on publication freedom and managing the intellectual property lock-up problem. PLOS ONE, 9(3), e90302.

Knox, P. L. (1995). World cities in a world-system. In P. L. Knox, & P. ]. Taylor (Eds.), World cities in a world-system (pp. 3-20). Cambridge: Cambridge
University Press.

Kogut, B., & Zander, U. (1993). Knowledge of the firm and the evolutionary theory of the multinational corporation. Journal of International Business Studies,
24(4), 625-645.

Kumar, N. (2001). Determinants of location of overseas R&D activity of multinational enterprises: The case of US and Japanese corporations. Research Policy,
30(1),159-174.

Li, Y., Youtie, ]., & Shapira, P. (2015). Why do technology firms publish scientific papers? The strategic use of science by small and midsize enterprises in
nanotechnology. Journal of Technology Transfer, http://dx.doi.org/10.1007/s10961-014-9391-6

Liu, Y., Cheng, G.-P., & Yang, Y. (2006). Patent applications of the Top 500 foreign investment corporations in China. Scientometrics, 68(1), 167-177.

Liefner, I., Hennemann, S., & Lu, X. (2006). Cooperation in the innovation process in developing countries: Empirical evidence from Zhongguancun, Beijing.
Environment and Planning A, 38(1), 111-130.

Leydesdorff, L., Park, H. W., & Lengyel, B. (2014). A routine for measuring synergy in university-industry-government relations: Mutual information as a
Triple-Helix and Quadruple-Helix indicator. Scientometrics, 99(1), 27-35.

Lyons, D., & Salmon, S. (1995). World cities, multinational corporations, and urban hierarchy: The case of the United States. In P. L. Knox, & P. . Taylor (Eds.),
World cities in a world-system (pp. 98-114). Cambridge: Cambridge University Press.

Malecki, E. J. (1997). Innovation in the firm: technology in the corporate context. In E. J. Malecki (Ed.), Technology and economic development: The dynamics
of local, regional and national competitiveness (pp. 73-111). London: Longman.

Michailova, S., & Mustaffa, Z.(2012). Subsidiary knowledge flows in multinational corporations: Research accomplishments, gaps, and opportunities. Journal
of World Business, 47(3), 383-396.

Mudambi, R., & Navarra, P. (2004). Is knowledge power? Knowledge flows, subsidiary power and rent-seeking within MNEs. Journal of International Business
Studies, 35, 385-406.

Mudambi, R., Pedersen, T., & Andersson, U. (2014). How subsidiaries gain power in multinational corporations. Journal of World Business, 49(1), 101-113.

Nam, Y., & Barnett, G. A.(2011). Globalization of technology: Network analysis of global patents and trademarks. Technological Forecasting and Social Change,
78(8), 1471-1485.

Narin, F., Noma, E., & Perry, R. (1987). Patents as indicators of corporate technological strength. Research Policy, 16(2-4), 143-155.

Narula, R, & Zanfei, A. (2004). Globalization of innovation: The role of multinational enterprises. In J. Fagerberg, D. C. Mowery, & R. R. Nelson (Eds.), The
oxford handbook of innovation (pp. 318-345). Oxford: Oxford University Press.

National Science Foundation. (2012). National science foundation’s higher education research and development (HERD) survey. http://www.nsf.
gov/statistics/infbrief/nsf13305/,. Accessed 22.04.15

Nicolini, C., & Nozza, F. (2008). Objective assessment of scientific performances world-wide. Scientometrics, 76(3), 527-541.

OECD. (2011). Measuring innovation: A new perspective. Towards a measurement agenda for innovation. Paris: OECD. http://www.oecd.org/
site/innovationstrategy/45392693.pdf,. Accessed 14.04.15

Owen-Smith, J., & Powell, W. W. (2004). Knowledge networks as channels and conduits: The effects of spillovers in the Boston biotechnology community.
Organization Science, 15(1), 5-21.

Paasi, J., Valkokari, K., & Rantala, T. (2012). IP in networks. In J. Paasi, K. Valkokari, & T. Rantala (Eds.), Bazaar of opportunities for new business development:
Bridging networked innovation, intellectual property and business (pp. 91-115). London: Imperial College Press.

Pan, F., Guo, ], Zhang, H., & Liang, J. (2015). Building a “Headquarters Economy”: The geography of headquarters within Beijing and its implications for
urban restructuring. Cities, 42, 1-12.


http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0145
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0145
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0145
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0145
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0145
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0145
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0145
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0145
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0145
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0145
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0145
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0145
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0145
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0145
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0145
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0145
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0145
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0145
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0145
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0145
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0145
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0145
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0145
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0145
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0150
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0150
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0150
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0150
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0150
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0150
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0150
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0150
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0150
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0150
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0150
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0150
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0150
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0150
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0150
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0150
http://www.forbes.com/sites/parmyolson/2015/04/15/nokia-buys-alcatel-lucent-for-16-6-billion/
http://www.forbes.com/sites/parmyolson/2015/04/15/nokia-buys-alcatel-lucent-for-16-6-billion/
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0160
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0160
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0160
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0160
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0160
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0160
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0160
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0160
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0160
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0160
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0160
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0160
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0160
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0160
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0160
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0160
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0160
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0160
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0160
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0160
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0160
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0160
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0160
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0160
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0160
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0165
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0165
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0165
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0165
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0165
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0165
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0165
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0165
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0165
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0165
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0165
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0165
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0165
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0165
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0165
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0170
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0170
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0170
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0170
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0170
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0170
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0170
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0170
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0170
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0170
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0170
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0170
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0170
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0550
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0550
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0550
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0550
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0550
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0550
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0550
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0550
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0550
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0550
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0550
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0550
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0550
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0550
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0550
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0550
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0550
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0550
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0550
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0550
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0550
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0550
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0550
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0550
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0550
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0550
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0550
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0550
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0550
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0550
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0550
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0550
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0550
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0550
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0550
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0550
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0550
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0550
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0550
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0550
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0550
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0550
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0550
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0180
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0180
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0180
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0180
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0180
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0180
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0180
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0180
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0180
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0180
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0180
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0180
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0180
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0180
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0180
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0180
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0555
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0555
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0555
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0555
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0555
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0555
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0555
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0555
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0555
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0555
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0555
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0555
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0555
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0555
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0555
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0555
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0555
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0555
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0555
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0555
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0560
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0560
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0560
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0560
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0560
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0560
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0560
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0560
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0560
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0560
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0560
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0560
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0560
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0560
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0560
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0560
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0560
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0560
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0560
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0560
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0560
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0560
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0560
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0560
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0560
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0560
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0195
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0195
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0195
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0195
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0195
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0195
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0195
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0195
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0195
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0195
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0195
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0195
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0195
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0195
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0195
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0195
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0200
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0200
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0200
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0200
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0200
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0200
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0200
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0200
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0200
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0200
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0200
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0200
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0200
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0200
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0200
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0200
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0200
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0200
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0200
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0200
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0200
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0200
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0200
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0205
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0205
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0205
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0205
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0205
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0205
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0205
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0205
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0205
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0205
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0205
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0205
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0205
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0205
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0205
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0205
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0205
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0205
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0205
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0205
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0205
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0210
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0210
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0210
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0210
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0210
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0210
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0210
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0210
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0210
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0210
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0210
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0210
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0210
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0210
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0210
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0210
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0210
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0210
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0215
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0215
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0215
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0215
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0215
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0215
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0215
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0215
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0215
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0215
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0215
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0215
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0215
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0215
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0215
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0215
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0220
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0220
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0220
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0220
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0220
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0220
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0220
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0220
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0220
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0220
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0220
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0220
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0220
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0220
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0220
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0220
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0220
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0220
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0220
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0220
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0220
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0220
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0220
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0220
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0565
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0565
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0565
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0565
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0565
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0565
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0565
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0565
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0565
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0565
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0565
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0565
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0565
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0565
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0565
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0565
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0230
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0230
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0230
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0230
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0230
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0230
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0230
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0230
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0230
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0230
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0230
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0230
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0230
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0230
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0230
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0230
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0230
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0230
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0230
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0230
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0235
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0235
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0235
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0235
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0235
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0235
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0235
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0235
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0235
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0235
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0235
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0235
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0235
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0235
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0235
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0235
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0235
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0240
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0240
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0240
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0240
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0240
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0240
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0240
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0240
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0240
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0240
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0240
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0240
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0245
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0245
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0245
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0245
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0245
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0245
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0245
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0245
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0245
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0245
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0245
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0245
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0245
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0245
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0250
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0250
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0250
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0250
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0250
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0250
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0250
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0250
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0250
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0250
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0250
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0250
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0250
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0250
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0250
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0250
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0250
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0250
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0250
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0250
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0250
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0250
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0250
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0255
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0255
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0255
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0255
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0255
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0255
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0255
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0255
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0255
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0255
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0255
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0255
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0255
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0255
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0255
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0255
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0255
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0255
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0255
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0255
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0255
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0255
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0255
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0260
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0260
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0260
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0260
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0260
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0260
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0260
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0260
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0260
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0260
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0260
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0260
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0260
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0260
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0260
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0260
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0260
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0260
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0260
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0260
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0260
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0260
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0260
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0260
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0260
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0570
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0570
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0570
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0570
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0570
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0570
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0570
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0570
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0570
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0570
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0570
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0570
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0570
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0570
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0570
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0570
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0570
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0570
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0570
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0570
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0570
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0570
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0570
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0570
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0570
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0570
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0570
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0570
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0570
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0570
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0570
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0570
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0570
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0570
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0270
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0270
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0270
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0270
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0270
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0270
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0270
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0270
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0270
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0270
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0270
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0270
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0270
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0270
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0270
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0275
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0275
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0275
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0275
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0275
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0275
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0275
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0275
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0275
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0275
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0275
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0275
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0275
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0275
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0275
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0275
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0275
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0275
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0275
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0275
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0275
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0275
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0275
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0275
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0275
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0275
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0275
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0275
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0280
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0280
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0280
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0280
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0280
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0280
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0280
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0280
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0280
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0280
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0280
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0280
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0280
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0280
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0280
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0280
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0280
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0280
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0280
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0280
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0280
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0280
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0280
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0280
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0280
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0280
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0280
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0285
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0285
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0285
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0285
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0285
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0285
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0285
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0285
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0285
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0285
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0285
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0285
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0285
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0285
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0285
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0285
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0285
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0285
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0285
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0285
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0285
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0285
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0285
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0290
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0290
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0290
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0290
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0290
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0290
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0290
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0290
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0290
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0290
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0290
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0290
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0290
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0290
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0290
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0290
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0290
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0290
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0290
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0290
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0290
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0290
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0290
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0290
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0290
dx.doi.org/10.1007/s10961-014-9391-6
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0300
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0300
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0300
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0300
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0300
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0300
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0300
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0300
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0300
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0300
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0300
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0300
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0300
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0300
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0300
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0300
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0300
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0300
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0305
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0305
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0305
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0305
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0305
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0305
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0305
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0305
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0305
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0305
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0305
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0305
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0305
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0305
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0305
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0305
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0305
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0305
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0305
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0305
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0305
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0305
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0305
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0310
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0310
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0310
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0310
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0310
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0310
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0310
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0310
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0310
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0310
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0310
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0310
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0310
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0310
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0310
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0310
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0310
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0310
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0310
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0310
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0310
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0310
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0310
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0315
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0315
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0315
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0315
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0315
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0315
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0315
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0315
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0315
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0315
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0315
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0315
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0315
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0315
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0315
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0315
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0315
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0315
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0315
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0315
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0315
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0315
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0315
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0315
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0315
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0315
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0315
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0315
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0315
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0315
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0315
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0315
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0315
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0315
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0315
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0575
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0575
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0575
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0575
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0575
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0575
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0575
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0575
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0575
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0575
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0575
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0575
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0575
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0575
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0575
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0575
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0575
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0575
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0575
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0575
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0575
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0575
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0575
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0575
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0575
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0575
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0575
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0575
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0575
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0575
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0575
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0575
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0325
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0325
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0325
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0325
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0325
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0325
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0325
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0325
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0325
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0325
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0325
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0325
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0325
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0325
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0325
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0325
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0325
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0325
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0325
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0325
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0325
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0330
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0330
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0330
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0330
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0330
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0330
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0330
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0330
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0330
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0330
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0330
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0330
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0330
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0330
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0330
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0330
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0330
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0330
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0330
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0330
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0330
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0330
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0580
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0580
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0580
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0580
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0580
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0580
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0580
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0580
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0580
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0580
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0580
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0580
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0580
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0580
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0580
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0580
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0580
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0335
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0335
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0335
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0335
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0335
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0335
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0335
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0335
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0335
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0335
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0335
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0335
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0335
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0335
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0335
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0335
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0335
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0335
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0335
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0335
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0335
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0340
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0340
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0340
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0340
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0340
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0340
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0340
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0340
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0340
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0340
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0340
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0340
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0340
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0340
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0340
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0340
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0340
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0345
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0345
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0345
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0345
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0345
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0345
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0345
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0345
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0345
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0345
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0345
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0345
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0345
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0345
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0345
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0345
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0345
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0345
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0345
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0345
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0345
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0345
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0345
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0345
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0345
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0345
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0345
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0345
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0345
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0345
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0345
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0345
http://www.nsf.gov/statistics/infbrief/nsf13305/
http://www.nsf.gov/statistics/infbrief/nsf13305/
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0355
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0355
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0355
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0355
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0355
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0355
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0355
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0355
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0355
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0355
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0355
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0355
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0355
http://www.oecd.org/site/innovationstrategy/45392693.pdf
http://www.oecd.org/site/innovationstrategy/45392693.pdf
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0365
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0365
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0365
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0365
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0365
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0365
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0365
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0365
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0365
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0365
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0365
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0365
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0365
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0365
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0365
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0365
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0365
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0365
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0365
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0365
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0365
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0365
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0365
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0585
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0585
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0585
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0585
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0585
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0585
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0585
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0585
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0585
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0585
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0585
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0585
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0585
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0585
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0585
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0585
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0585
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0585
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0585
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0585
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0585
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0585
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0585
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0585
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0585
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0585
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0585
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0585
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0585
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0585
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0585
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0585
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0585
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0585
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0375
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0375
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0375
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0375
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0375
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0375
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0375
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0375
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0375
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0375
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0375
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0375
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0375
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0375
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0375
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0375
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0375
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0375
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0375
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0375
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0375
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0375
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0375

532 G. Csomos, G. Toth / Journal of Informetrics 10 (2016) 516-532

Pearce, R. D. (1999). Decentralised R&D and strategic competitiveness: Globalised approaches to generation and use of technology in multinational
enterprises (MNEs). Research Policy, 28(2-3), 157-178.

Piergiovanni, R., & Santarelli, E. (2013). The more you spend, the more you get? The effects of R&D and capital expenditures on the patenting activities of
biotechnology firms. Scientometrics, 94(2), 497-521.

Porter, M. E., & van der Linde, C. (1995). Toward a new conception of the environment-competitiveness relationship. Journal of Economic Perspectives, 9(4),
97-118.

Ramos-Vielba, I., Ferndndez-Esquinas, M., & Espinosa-de-los-Monteros, E. (2010). Measuring university-industry collaboration in a regional innovation
system. Scientometrics, 84(3), 649-667.

Ribeiro, L. C., Ruiz, R. M., Bernardes, A. T., & Albuquerque, E. M. (2010). Matrices of science and technology interactions and patterns of structured growth:
Implications for development. Scientometrics, 83(1), 55-75.

Ribeiro, L. C., Kruss, G., Britto, G., Bernardes, A. T., & da Motta e Albuquerque, E. (2014). A methodology for unveiling global innovation networks: Patent
citations as clues to cross border knowledge flows. Scientometrics, 101, 61-83.

Rosenberg, N. (1990). Why do firms do basic research (with their own money)? Research Policy, 19(2), 165-174.

Ross, B. H., & Levine, M. A. (2012). The evolution of cities and suburbs. In B. H. Ross, & M. A. Levine (Eds.), Urban politics: Cities and suburbs in a global age
(pp. 26-53). New York: M.E. Sharp.

Roth, M. S., Jayachandran, S., Dakhli, M., & Colton, D. A. (2009). Subsidiary use of foreign marketing knowledge. Journal of International Marketing, 17(1),
1-29.

Santangelo, G. D. (2000). Inter-European regional dispersion of corporate research activity in information and communications technology: The case of
German, Italian and UK regions. International Journal of the Economics of Business, 7(3), 275-295.

Santangelo, G. D. (2002). The regional geography of corporate patenting in information and communications technology (ICT): Domestic and foreign
dimensions. Regional Studies, 36(5), 495-514.

Sassen, S. (1991). Overview. In S. Sassen (Ed.), The global city. Princeton: Princeton University Press.

Sassen, S. (2001). Overview. In S. Sassen (Ed.), The global city (2nd ed., pp. 4-15). New York, London, Tokyo, Princeton: Princeton University Press.

Sassen, S. (2006). The urban impact of economic globalization. In S. Sassen (Ed.), Cities in a world economy, (3rd ed., pp. 15-44). Thousand Oaks: Pine Forge
Press.

Schoenberger, E. (1988). Multinational corporations and the new international division of labor: A critical appraisal. International Regional Science Review,
11(2),105-119.

Scott, A. J., Agnew, J., Soja, E. W., & Storper, M. (2001). Global city-regions. In A. J. Scott (Ed.), Global city-regions: Trends, theory, policy (pp. 11-32). Oxford:
Oxford University Press.

Sun, C.,, Rahman, M. M., & Munn, I. A. (2013). Adjustment of stock prices and volatility to changes in industrial timberland ownership. Forest Policy and
Economics, 26,91-101.

Taylor, P.]., Ni, P., Derudder, B., Hoyler, M., Huang, J., Lu, F., et al. (2009). The way we were: Command-and-control centres in the global space-economy on
the eve of the 2008 geo-economic transition. Environment and Planning A, 41(1), 7-12.

Taylor, P. J., & Csom6s, G. (2012). Cities as control and command centres: Analysis and interpretation. Cities, 29(6), 408-411.

Tijssen, R.]. W. (2004). Is the commercialization of scientific research affecting the production of public knowledge? Global trends in the output of corporate
research articles. Research Policy, 33, 709-733.

Tijssen, R. ]. W., & van Leeuwen, T. N. (2006). Measuring impacts of academic science on industrial research: A citation-based approach. Scientometrics,
66(1), 55-69.

The New York Time. (2002). New economy; Many midsize companies find that ‘defensive publishing’ is a quick and cheap way to protect intellectual property.
http://www.nytimes.com/2002/02/18/business/new-economy-many-midsize-companies-find-that-defensive-publishing-quick-cheap.html

Todtling, F. (1994). Regional networks of hightechnology firms — The case of the greater Boston region. Technovation, 14(5), 323-343.

Veugelers, R. (1997). Internal R&D expenditures and external technology sourcing. Research Policy, 26(3), 303-315.

Veugelers, R., & Cassiman, B. (1999). Make and buy in innovation strategies: Evidence from Belgian manufacturing firms. Research Policy, 28(1), 63-80.

Vieira, E. S., & Gomes, J. A. N. F. (2009). A comparison of Scopus and Web of science for a typical university. Scientometrics, 81(2), 587-600.

Wang, D. T, Zhao, S. X,, Gu, F. F., & Chen, W. Y. (2011). Power or market? Location determinants of multinational headquarters in China. Environment and
Planning A, 43(10), 2364-2383.

Wang, X., Zhang, X., & Xu, S. (2011). Patent co-citation networks of Fortune 500 companies. Scientometrics, 88(3), 761-770.

Wong, C.-Y., & Goh, K.-L. (2010). Growth behavior of publications and patents: A comparative study on selected Asian economies. Journal of Informetrics,
4(4), 460-474.

Wong, C.-Y., & Wang, L. (2015). Trajectories of science and technology and their co-evolution in BRICS: Insights from publication and patent analysis. Journal
of Informetrics, 9(1), 90-101.

Yoo, S.-H., & Moon, H.-S. (2006). A semi-parametric modeling of firms’ R&D expenditures with zero values. Scientometrics, 69(1), 57-67.

Zander, 1. (1999). How do you mean ‘global’? An empirical investigation of innovation networks in the multinational corporation. Research Policy, 28(2-3),
195-213.

Zhou, Y. (2005). The making of an innovative region from a centrally planned economy: Institutional evolution in Zhongguancun Science Park in Beijing.
Environment and Planning A, 37(6), 1113-1134.


http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0380
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0380
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0380
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0380
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0380
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0380
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0380
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0380
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0380
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0380
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0380
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0380
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0380
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0380
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0380
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0380
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0380
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0380
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0380
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0380
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0380
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0380
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0380
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0380
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0380
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0380
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0380
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0385
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0385
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0385
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0385
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0385
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0385
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0385
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0385
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0385
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0385
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0385
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0385
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0385
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0385
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0385
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0385
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0385
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0385
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0385
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0385
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0385
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0385
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0385
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0385
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0385
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0385
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0385
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0385
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0385
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0390
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0390
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0390
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0390
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0390
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0390
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0390
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0390
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0390
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0390
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0390
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0390
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0390
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0390
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0390
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0390
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0390
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0390
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0395
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0395
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0395
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0395
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0395
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0395
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0395
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0395
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0395
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0395
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0395
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0395
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0395
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0395
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0395
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0400
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0400
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0400
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0400
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0400
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0400
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0400
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0400
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0400
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0400
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0400
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0400
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0400
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0400
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0400
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0400
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0400
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0400
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0400
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0400
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0400
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0405
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0405
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0405
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0405
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0405
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0405
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0405
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0405
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0405
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0405
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0405
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0405
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0405
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0405
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0405
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0405
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0405
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0405
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0405
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0405
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0405
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0405
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0405
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0410
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0410
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0410
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0410
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0410
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0410
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0410
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0410
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0410
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0410
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0410
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0410
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0410
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0410
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0410
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0410
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0410
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0410
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0590
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0590
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0590
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0590
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0590
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0590
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0590
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0590
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0590
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0590
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0590
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0590
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0590
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0590
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0590
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0590
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0590
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0590
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0590
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0590
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0590
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0590
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0590
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0590
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0590
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0590
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0590
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0590
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0590
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0590
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0590
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0590
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0420
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0420
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0420
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0420
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0420
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0420
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0420
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0420
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0420
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0420
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0420
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0420
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0420
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0420
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0420
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0420
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0425
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0425
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0425
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0425
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0425
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0425
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0425
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0425
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0425
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0425
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0425
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0425
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0425
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0425
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0425
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0425
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0425
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0425
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0425
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0425
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0425
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0425
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0425
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0425
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0425
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0425
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0425
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0425
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0425
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0425
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0425
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0425
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0425
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0430
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0430
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0430
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0430
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0430
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0430
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0430
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0430
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0430
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0430
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0430
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0430
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0430
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0430
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0430
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0430
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0430
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0430
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0430
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0430
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0430
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0430
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0430
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0430
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0595
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0595
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0595
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0595
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0595
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0595
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0595
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0595
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0595
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0595
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0595
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0595
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0595
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0440
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0440
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0440
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0440
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0440
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0440
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0440
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0440
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0440
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0440
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0440
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0440
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0440
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0440
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0440
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0440
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0440
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0440
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0440
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0440
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0440
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0440
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0600
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0600
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0600
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0600
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0600
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0600
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0600
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0600
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0600
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0600
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0600
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0600
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0600
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0600
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0600
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0600
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0600
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0600
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0600
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0600
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0600
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0600
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0600
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0600
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0600
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0600
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0450
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0450
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0450
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0450
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0450
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0450
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0450
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0450
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0450
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0450
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0450
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0450
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0450
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0450
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0450
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0450
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0450
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0450
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0450
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0450
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0450
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0450
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0455
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0455
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0455
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0455
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0455
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0455
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0455
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0455
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0455
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0455
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0455
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0455
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0455
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0455
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0455
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0455
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0455
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0455
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0455
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0455
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0460
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0460
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0460
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0460
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0460
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0460
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0460
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0460
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0460
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0460
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0460
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0460
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0460
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0460
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0460
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0460
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0460
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0460
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0460
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0460
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0460
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0460
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0465
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0465
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0465
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0465
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0465
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0465
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0465
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0465
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0465
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0465
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0465
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0465
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0465
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0465
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0465
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0465
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0465
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0465
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0465
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0465
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0465
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0465
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0465
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0465
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0465
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0465
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0465
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0465
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0470
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0470
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0470
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0470
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0470
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0470
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0470
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0470
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0470
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0470
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0470
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0470
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0470
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0470
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0470
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0470
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0475
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0475
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0475
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0475
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0475
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0475
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0475
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0475
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0475
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0475
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0475
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0475
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0475
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0475
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0475
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0475
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0475
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0475
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0475
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0475
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0475
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0475
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0475
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0475
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0475
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0475
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0475
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0475
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0475
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0480
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0480
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0480
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0480
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0480
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0480
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0480
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0480
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0480
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0480
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0480
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0480
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0480
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0480
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0480
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0480
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0480
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0480
http://www.nytimes.com/2002/02/18/business/new-economy-many-midsize-companies-find-that-defensive-publishing-quick-cheap.html
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0490
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0490
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0490
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0490
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0490
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0490
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0490
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0490
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0490
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0490
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0490
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0490
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0490
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0490
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0490
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0490
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0490
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0490
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0490
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0490
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0495
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0495
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0495
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0495
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0495
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0495
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0495
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0495
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0495
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0495
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0495
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0495
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0495
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0495
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0495
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0500
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0500
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0500
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0500
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0500
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0500
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0500
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0500
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0500
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0500
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0500
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0500
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0500
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0500
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0500
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0500
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0500
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0500
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0500
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0505
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0505
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0505
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0505
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0505
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0505
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0505
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0505
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0505
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0505
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0505
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0505
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0505
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0505
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0505
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0505
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0505
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0505
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0505
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0510
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0510
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0510
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0510
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0510
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0510
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0510
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0510
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0510
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0510
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0510
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0510
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0510
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0510
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0510
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0510
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0510
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0510
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0510
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0510
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0515
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0515
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0515
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0515
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0515
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0515
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0515
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0515
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0515
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0515
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0515
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0515
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0515
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0515
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0520
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0520
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0520
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0520
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0520
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0520
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0520
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0520
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0520
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0520
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0520
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0520
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0520
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0520
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0520
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0520
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0520
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0520
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0520
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0520
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0520
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0520
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0525
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0525
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0525
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0525
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0525
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0525
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0525
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0525
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0525
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0525
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0525
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0525
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0525
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0525
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0525
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0525
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0525
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0525
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0525
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0525
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0525
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0525
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0525
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0525
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0525
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0530
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0530
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0530
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0530
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0530
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0530
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0530
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0530
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0530
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0530
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0530
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0530
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0530
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0530
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0530
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0530
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0530
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0535
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0535
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0535
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0535
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0535
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0535
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0535
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0535
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0535
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0535
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0535
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0535
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0535
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0535
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0535
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0535
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0535
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0535
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0535
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0535
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0535
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0535
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0535
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0535
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0535
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0540
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0540
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0540
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0540
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0540
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0540
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0540
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0540
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0540
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0540
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0540
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0540
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0540
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0540
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0540
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0540
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0540
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0540
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0540
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0540
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0540
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0540
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0540
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0540
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0540
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0540
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0540
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0540
http://refhub.elsevier.com/S1751-1577(15)30172-3/sbref0540

	Exploring the position of cities in global corporate research and development: A bibliometric analysis by two different ge...
	1 Introduction
	2 Theoretical background of the research
	2.1 Position of R&D-oriented subsidiaries in the organization of companies
	2.2 Scientific articles reflecting on the R&D capacity of companies

	3 Data and methodology
	3.1 Data collection
	3.1.1 Multinational companies and industry classification
	3.1.2 Data source of the scientific articles
	3.1.3 Territorial demarcation

	3.2 Methodology

	4 Results
	4.1 General results
	4.1.1 Correlation between industry sectors and scientific articles
	4.1.2 Ranking companies by the number of scientific articles
	4.1.3 Spatial classification of articles of MNCs by home countries and host countries

	4.2 Ranking cities on the basis of the home city and the host city approaches
	4.2.1 Home city approach: cities that command the MNCs’ R&D activities
	4.2.2 Host city approach: cities where the R&D activities are conducted
	4.2.3 Comparison of the home city approach and the host city approach


	5 Conclusion
	Author contributions
	Acknowledgement
	References


