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ABSTRACT  
The paper extends geographical enquiry into the external urban 
relations described by central flow theory in an exploration of the 
roles of commercial office real estate (CORE) and advanced 
producer services (APS) as a conduit for inter-city flows of finance 
in corporate globalization. The analysis investigates and 
benchmarks the spatial overlap between these city-based service 
networks and uses this to consider how their respective servicing 
strategies influence international capital flows. We find that the 
networks are interlocked, as the connectivity in one network can 
significantly explain the connectivity in the other. Both CORE and 
APS services promote cross-border flows of finance. Cities 
providing multinational CORE and APS services are able to 
articulate direct as well as indirect inter-city capital flows and 
spillovers to non-service sectors.
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Highlights

. We extend geographical enquiry into external urban relations as central flow theory.

. The interlocking between real estate and advanced producer services is investigated.

. Spatially overlapped service networks articulate direct and indirect capital flows.

. More central cities in the multi-service network attract more investment flows.

. Inter-city service network capital flows can spill over to non-service sectors.

1. Introduction

Taylor, Hoyler, and Verbruggen (2010) formulated central flow theory (CFT) to specify 
the increasingly crucial distinction between local and non-local urban relations in con-
temporary corporate globalization. Whereas Christaller’s (1933/1966) central place 
theory (CPT) describes the local hinterland servicing relations of urban settlements, 
CFT seeks to describe the non-local relations of cities in line with what Capello (2000) 
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has termed the ‘city network paradigm’. CFT and CPT obviously do not speak to distinct 
urban universes. There is an emerging body of literature addressing the interconnections 
between the logics of place-based local (CPT) relations and inter-city flow-based non- 
local (CFT) relations. Scholvin, Breul, and Diez (2019), for example, reconceptualized 
‘gateway cities’ at the nexus of major cities’ global connectivity (CFT) and the inter-
actions with their hinterlands (CPT). Meanwhile, Zhu, Pain, Derudder, and Taylor 
(2022) explored CPT/CFT intersections in global city-regions by linking their multi-nod-
ality with their positions in international capital investment flows.

While CPT has seen renewed interest in the past years (Van Meeteren & Poorthuis, 
2018), there is a vibrant CFT literature devoted to analysing the non-local external relations 
of cities to inform understanding of urban relations under conditions of globalization 
(Derudder & Taylor, 2020; Sigler, Neal, & Martinus, 2023; Taylor et al., 2010). In this 
paper, we extend the latter literature by focusing on the role of ‘commercial office real 
estate’ (CORE) services provision in connecting cities transnationally. Calling to mind 
Massey’s (2006, p. 64) ‘other geography – the “external geography” of a place that is 
especially important to a place like London’, CFT speaks to the archetypal ‘city-ness’ of 
an economic centre specializing in high-order business ‘advanced producer services’ 
(APS) with a ‘worldwide range’ (Zhu et al., 2022, p. 1). Reflecting the ‘massive trends 
towards spatial dispersion of economic activities’ and parallel ‘demand for new forms of 
territorial centralization of top-level management and control operations’ (Sassen, 2002, 
p. 3), a complex of city external relations has been generated by APS firms constituting stra-
tegic networks (Castells, 1996, p. 409). The global networks of APS offices in banking and 
finance, law, accountancy, advertising, and management consultancy firms providing 
expert advice and services to companies and governments worldwide, generate knowledge 
and facilitate the intercity flows of information and finance theorized by Castells (1996, 
p. 408) as constituting a ‘space of flows’ in a ‘network society’. Cities with a functional 
specialization in multinational APS are embedded in these transnational networks and 
are thereby ‘interconnected with each other through decision-making and finance’ (Fried-
mann & Wolff, 1982, p. 2), and this has been the basis of much of the research carried out 
under the umbrella of the Globalization and World Cities (GaWC) research network.

CORE has special significance for the operations of multinational APS in an era 
defined by the simultaneous dispersion and centralization of economic activity. The 
supply of commercial office property in a city ‘brings together the economic agents 
that globalize urban space’ (Pain, 2018, p. 371), and it transforms locally fixed physical 
space into a liquid ‘quasi-financial’, tradeable asset (Coakley, 1984, p. 697). Information 
and communication technology (ICT) assisted integration and globalization of inter-
national finance and CORE markets since the late twentieth century has been instrumen-
tal in ‘building’ cities with a worldwide range and the financialization of those cities 
(Baum, 2008). CORE serves a dual role in grounding APS in the physical ‘space of 
places’ of such cities and in the spaces of flows of the transnational financial networks 
in which they are embedded (Castells, 1996, p. 409). In Towers of Capital (2009), 
Lizieri set out the thesis that CORE (as a localized city physical resource and a 
channel for international flows of finance) and APS (as CORE multinational occupiers 
and investors), are ‘interlocked’. The hypothetical interlocking process is an outcome 
of ‘occupational markets (functionally specialized in financial services activities), invest-
ment markets (through acquisition of offices), supply markets (both through demand
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drivers and the supply of finance for development), and real estate finance (through 
property as collateral for lending)’ (Lizieri & Pain, 2014, p. 440), Intuitively, this inter-
locking of financialized CORE and multinational APS would seem to render the local 
and non-local external relations of cities complementary and suggest their geographies 
could converge spatially.

Castells (1996, pp. 409–410) referred to real estate services as one of the advanced 
services contributing to information flows interlinking global cities. Real estate is 
argued to also have an increasingly powerful role in the circulation and accumulation 
of financial capital, ‘especially in an economy that is transforming structurally with 
most of the growth coming from the service sector’ (Pain, 2018, p. 370). But while 
much attention has been devoted to studying APS office networks for more than 
two decades, the spatial conjunction of CORE services and APS, and their respective 
influences on non-local international capital flows, have lacked intensive study. The 
dispersion of CORE services provided through international office networks has 
lagged that of APS firms (Jones & Trevillion, 2022, p. 177). Nonetheless, major 
CORE firms such as Cushman and Wakefield and CBRE, which began their oper-
ations in Chicago and San Francisco respectively, now also have offices in cities 
across the Americas, Asia-Pacific, Europe and Middle East and Africa. If the office 
locations of CORE map onto those of APS, the CORE network could be argued to 
be interlocked with the APS network.

This paper extends the investigation into the external relations of cities through an 
exploration of the role of APS and CORE services as interlocked, and as a conduit for 
inter-city flows of finance. Accordingly, our analysis sets out to address two main 
research questions: Are the city offices of APS and CORE services spatially interlocked? 
And how do their respective multinational office network servicing strategies influence 
international capital flows? We first examine the spatial overlap between APS and 
CORE service connectivity and the determinants of the importance of their respective 
presences in different cities. Second, we consider whether APS and CORE service 
network connectivity, respectively, influence cross-border capital flows. The novel con-
tribution of the paper is that the results go beyond the original focus of CFT on explain-
ing external city relations generated by APS provision. It provides the empirical evidence 
on the external relations of cities described by CFT by putting a spotlight on the potential 
role of CORE services provision as a co-agent with APS in directing capital flows in an 
interlinked transnational network of cities.

The paper begins with a review of academic perspectives on the relationship between 
CORE and APS city network relations and international finance and how we plan to take 
this understanding forward. The data for our new analyses are then described leading to 
the main section presenting our analyses consisting of two models, one showing relations 
between APS and CORE networks and the second adding investments flows. These 
empirical analyses are subject to two limitations: (i) we use only cities in OECD countries 
because we only have the data for necessary control variables in our models from this 
data source, and (ii) all our data are for 2020 when the Covid-19 pandemic seriously 
affected the world economy and world cities particularly. The effects of these on the ana-
lyses are dealt with in the discussion of our results. In the conclusion we summarize our 
original contribution to the literature and provide pointers towards research questions 
for further study.
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2. Commercial office real estate, advanced producer services, city external 
relations and international finance

The dual process of the simultaneous dispersion and centralization of APS described by 
Sassen (1991/2001) is the starting point for understanding the specific role played by 
CORE in generating non-local external relations between cities and international 
capital flows. There is broad academic agreement that the networks of APS have come 
to be of increasing importance in operationalizing the twenty first century world 
system of financial flows (Allen, 2010; Wojcik, 2018). Recent theoretical and empirical 
research corroborates the centrality of APS firms for the spatial organization of inter-
national capital. Bassens and van Meeteren (2015), for example, showed that a series 
of global cities remain an obligatory passage point for the relatively assured realization 
of international capital, not least because it has become the geographical backbone for 
the insertion of finance capital (logics) in contemporary economies and societies. Bous-
sebaa and Faulconbridge (2019) pointed out that APS firms are increasingly active par-
ticipants in the shaping of economic globalization. Lizieri’s (2009) analysis of the 
interrelationship between CORE as a physical and financial asset and APS in inter-
national financial centres provides the foundation for understanding that a critical 
mass of city commercial office stock has proved essential for the insertion of cities in 
the world economy and their exposure to risk in times of global financial crisis (Lizieri 
& Pain, 2014). Through the supply of property finance and the occupation of and invest-
ment in CORE markets by APS, mobile finance capital is ‘grounded’ in cities: ‘firms that 
occupy space are the same firms that acquire offices as investment assets and which 
provide finance for the creation of new office space’ (Lizieri & Pain, 2014, p. 440).

Drawing on insights of Sassen (1991/2001), Castells (1996) and antecedent ‘world 
cities’ theorists such as Hall (1966) and Friedmann (1986), academics of the Globaliza-
tion and World City (GaWC) research network have surveyed the non-local external 
relations of cities generated by APS ‘network enterprises’ within the world economic 
system since the year 2000 (Taylor, 2001, 2004). Data gathering on the city locations, 
staff sizes and functions of offices providing APS worldwide, has allowed empirical spe-
cification of the connectivity of cities in a ‘world city network’ (Derudder & Taylor, 2020; 
Taylor, 2001, 2004). However, missing in these analyses are the spatial dimensions of the 
CORE service provision that accommodates transnational APS activities and mediates 
capital flows in the world city network. As highlighted by Lizieri and Pain (2014, p. 440): 

Analysis of the interconnectedness of ‘global’ cities conferred by international office net-
works – as exemplified by the Globalization and World Cities (GaWC) research network 
and others – emphasizes the space of flows. But real estate is a physical manifestation of 
the nodes of that network of cities and a conduit for flows of finance: it stores and locks 
down value. It provides the infrastructure for the global city production process.

The development of, investment in, and upgrading and management of commercial 
office assets supported by CORE services, not only locks down value in cities but also 
makes capital mobile in cross-border financial flows. The creation of new investment 
vehicles and the rise of Real Estate Investment Trusts (REITs) has made physical office 
property assets divisible and their ownership fragmented (Lizieri, 2009, pp. 219–246). 
CORE international capital raising, complex financial engineering structures, and 
product diversification now span equities, synthetic financial derivative-based and
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securitized debt, and commercial mortgage-backed securities (Baum, 2015). CORE ser-
vices thereby link territorially fixed offices occupied by APS and internationally circulat-
ing capital (Harvey, 1982). Academic interest in the role of CORE actors in the urban 
production process as intermediaries directing property finance flows between cities 
has been growing (Halbert & Attuyer, 2016; Halbert, Henneberry, & Mouzakis, 2014a, 
2014b; Lizieri & Mekic, 2018; Van Loon & Albers, 2017). The global association 
between commercial real estate capital and investment flows and global city APS has 
been demonstrated in extant literature, for example by Pain et al. (2020). In this 
paper, we focus specifically on the uncharted area of the association between investment 
flows and the interlocking of the CORE and APS networks. Accordingly, using the same 
methodology applied in the GaWC measurement of city external relations based on the 
organization of APS (Beaverstock, Smith, Taylor, & Lorimer, 2000), our analysis maps 
the geography of CORE services provided in offices worldwide to explore the functional 
relations between cities generated between APS and CORE networks.

Empirical studies have observed that direct international real estate office investments 
remain focused on a relatively small number of ‘core economy’ major world cities 
specified by Friedmann (1986) and Sassen (1991/2001) (Lizieri & Pain, 2015; Sirmans 
& Worzala, 2003). Given strong quantitative evidence of superior real estate returns per-
formance in some regional secondary markets, ongoing investment concentration has 
been interpreted as mimetic, irrational behaviour reflecting investor ‘sentiment’ or 
market ‘familiarity’ (Henneberry & Mouzakis, 2014). Evidence from interviews with 
international fund managers in a study for the Urban Land Institute found that invest-
ment interest in OECD emerging markets is growing (Pain et al., 2018), illustrating the 
commoditization and ‘worlding’ of urban spaces through CORE foreign inward invest-
ment, which diversifies and ‘filters away’ investor risk (Halbert & Rouanet, 2014; Knox & 
Pain, 2010; Roy & Ong, 2011). However, the role of CORE in enabling the operationa-
lization of indirect financial flows realized by APS, and potential ‘capital switching’ 
between built environment and production capital circuits (Harvey, 1985), has not 
been analysed. In addition to direct CORE capital flows, myriad other inter-city flows 
of finance are brokered by APS in CORE office networks. Contemporaneous surges in 
cross-border CORE direct capital flows (supported by CORE services) and in trade 
and foreign direct investment (FDI) flows (supported by APS), are likely related.

In The Production of Space (1974/1991, pp. 26–27), Lefebvre conceived that dependent 
on ‘the energy deployed within it’ space has assumed ‘a reality’ much like commodities, 
money, and capital. However, the sources of this energy ‘along with the physical relation-
ships between central points, nuclei or condensations on the one hand and peripheries on 
the other hand are still matters for conjecture’ (1974/1991, p. 13). CORE services that 
physically transform and financialize urban space represent such an energy, yet attention 
to their deployment is missing from published city network analysis. Derudder (2021) 
called for abstract ‘alleged’ inter-city relations mapped in city network analysis to be per-
manently appraised on the basis of evidence of ‘actual capital’. Zhu et al. (2022) shifted 
CFT analysis to actual FDI capital flows between cities specializing in APS provision. 
Other studies have explored CORE transaction inter-city direct capital flows (Hoyler 
et al., 2014; Lizieri & Pain, 2015; Pain et al., 2018). However, the complex interdependen-
cies between global cities and cross-border flows remain ‘a grey area, in need of empirical 
analysis’ (Lizieri & Pain, 2014, p. 441). The long overlooked spatial relationship between
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CORE and APS city servicing and their influence on city network financial flows, is the 
subject for empirical analysis in the next section of this paper.

FDI is often conceived as indicative of inward investment into cities associated with 
boosting high-value knowledge, skills, innovation, local economic growth and positive 
regional spillover effects in a territorially competitive context (Branstetter, 2006; 
De Mello, 1999; Madriaga & Poncet, 2007). FDI also signifies complex external relations 
and flows between cities associated with office-based commercial firms doing cross- 
border business (Borensztein, De Gregorio, & Lee, 1998). For example, Rocco and van 
Ness (2005, p. 1) contended that increasing FDI in APS operating worldwide ‘is the 
most dynamic and potentially powerful factor for urban change in an increasingly 
globalized economy’, reflecting that APS are the ‘main economic connectors’ between 
global cities (Sassen, 1991/2001, 1994/2000). Mergers and acquisitions (M&A) deals 
have also become regarded as strong evidence for external relations associated with 
direct capital flows between cities, the formation of long-term, value-adding interactions 
between city office-based firms, and network capital (Cartwright & Shoenberg, 2006; 
Collins, Holcomb, Certo, Hitt, & Lester, 2009; Rodríguez-Pose & Zademach, 2003; Zade-
mach & Rodríguez-Pose, 2009). In our analysis, we focus on a database comprised of FDI 
and M&A deals to represent cross-border inter-city capital flows associated with multi-
national APS which we speculate may be facilitated by increasingly multinational CORE 
services.

3. Data

Our data set comprises statistics collected from sources in three different areas: on cor-
porate services within and between cities from the Globalization and World Cities 
(GaWC) data; on cross-border FDI flow data from the Financial Times fDi Markets data-
base and the Zephyr database; and on macro-economic variables for cities from the 
OECD database and the World Bank database. Starting with the GaWC 2020 roster of 
167 leading world cities and merging this with the other two data sources results in an 
operational roster of 143 cities in our dataset (see Appendix 2).

The GaWC data are based upon information collected on the distribution of service 
values – standardized measures of the importance of office presences – of major firms 
that provide key services for corporate globalization in 2020.1 There are two groups: 
(i) 175 advanced producer (APS) service firms (75 in financial services and 25 each in 
accountancy, advertising, law, and management consultancy) and (ii) 22 commercial 
office real estate (CORE) services firms.2 Compared to the widely used APS 
network data, the CORE service network data is new. It includes two major provider 
categories. First, investment banks and financial institutions offering real estate 
brokerage services that benefit from corporate finance and capital markets expertise. 
Second, integrated multi-service real estate agencies offering property owners, inves-
tors and occupiers, strategic advice and execution for a wide range of support 
needs (such as property sales and leasing, corporate services, property, facilities and 
project management, mortgage banking, appraisal and valuation, development ser-
vices, investment management, and research and consulting services). Property com-
panies and REITs also offer real estate investment advice and products to institutional, 
private and government investors internationally, however we do not include these

6 K. PAIN ET AL.



providers in the present analysis due to their generally limited multinational networks 
of offices. The analysis cannot claim to fully disentangle the ‘unimaginable complexity’ 
of the network relations between economic actors mediating the ‘blizzard of trans-
actions’ generating direct CORE and indirect finance capital flows (Thrift, 1999, 
pp. 272–274). Rather, its purpose is to provide a preliminary exploration of spatial 
relations between specialized APS and CORE services, and their role as a conduit 
for inter-city flows of finance.

These data, including both CORE and APS data, are derived from investigation of a 
firm’s office networks resulting in evaluations of the importance of cities in the work of 
the firm. Assigning these service values involved a standardization of multifarious 
information across firms’ networks values to arrive at a scale ranging from 0 to 5 as 
follows (Derudder & Taylor, 2018). The city housing a firm’s headquarters was 
scored 5, a city with no office of that firm was scored 0. An ‘ordinary’ or ‘typical’ 
office of the firm resulted in a city scoring 2. With something missing (e.g. no partners 
in a law office), the score reduced to 1. Particularly large offices were scored 3 and 
those with important extra-territorial functions such as regional headquarters were 
scored 4. Two variables are derived from these data. First, the sum of the service 
values in a city measures the agglomeration of work in the two service groups. 
Second, by using an interlocking network model the connectivity of a city to other 
cities is computed. Through carrying out these measurement exercises for the two 
different groups of corporate service firms, we are able to explore the city servicing 
values generated, on the one hand, by APS firms that are both occupiers of city 
office space and institutional investors in office assets and, on the other hand, by com-
mercial real estate firms which service the office occupancy and investment needs of 
those APS. The service values are thus a proxy for the non-local, urban external 
relations between cities associated with the special interlocking role played by commer-
cial real estate as a physical and financial asset, and as a service supplier supporting 
contemporary corporate globalization.

In order to consider whether APS connectivity and real estate connectivity influence 
actual cross-border investment flows between cities we use cross-border FDI flow data 
that are collected from two sources: the Financial Times fDi Markets database for greenfi-
eld investment flow data and the Zephyr database for cross-border M&A flow data. We 
merge the two databases based on the name of city and country and aggregate the total 
cross-border direct investment flows across cities in 2020.

The final step in the data collection is to measure four control variables, specific 
macro-economic features of cities that can influence relationships between service and 
financial flows in our modelling. Using the OECD database, a set of four macro-econ-
omic variables for both source and destination cities have been selected: a city’s unem-
ployment rate, its share of city GDP with respect to country GDP, its income per 
capita, and population density. After removing missing data on income and other econ-
omic variables, our sample is reduced from 167 cities to 143 cities.3 The summary stat-
istics are reported in Table 1. There were on average 7.77 million USD FDI flows between 
the 143 cities in 2020.

To illustrate the relationship between FDI flows on the one hand, and APS and CORE 
connectivity on the other hand, we calculate the overall centrality of APS, CORE, and 
FDI for the 143 cities. First, based on the service values, we follow Taylor (2001) and
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calculate the APS connectivity between each pair of cities:

rAPS
i,j =

175

p=1
APS p,iAPS p,j (1) 

where rAPS
i,j represents the APS connectivity between cities i and j and APS p,i denotes the 

service value of APS firm p in city i. As shown in Table 1, the maximum inter-city con-
nectivity is between New York and London (1596), while the average inter-city connec-
tivity across our sample is 63. Similarly, we calculate the CORE connectivity between 
each pair of cities:

rCORE
i,j =

22

p=1
CORE p,iCORE p,j (2) 

where rCORE
i,j represents the CORE connectivity between cities i and j and CORE p,i denotes 

the service value of CORE firm p in city i. The maximum inter-city CORE connectivity is 
also between London and New York (161) and the average CORE connectivity is 7.

Second, we calculate the APS and CORE centralities – which are akin to the notion of 
degree centrality in social network analysis – as the sum of connectivity of a city with 
respect to all other cities:

cAPS
i =

143

j=1,j=i
rAPS

i,j , (3) 

cCORE
i =

143

j=1,j=i
rCORE

i,j , (4) 

As shown in Figure 1, London has the highest APS connectivity with respect to all 
other cities (47,181), followed by New York (41,591). For CORE centrality, London 
also has the largest connectivity with respect to all other cities (4892).

The total inflow FDI for each city from all other cities is measured as follows:

cFDI
i =

143

j=1,j=i
FDIi,j, (5) 

where FDIi,j represents the total direct investment inflows from city j into city i. As shown 
in Figure 1, FDI inflows, CORE connectivity, and APS connectivity are positively

Table 1.  Summary statistics.
Mean StD Max 75% Median 25% Min

GaWC Statistics
APS Connectivity 63 80 1596 72 42 24 0
CORE Connectivity 7 10 161 12 4 0 0
FT fDi and Zephyr databases Foreign Direct Investment 

(Million USD)
7.77 233 20379 0 0 0 0

OECD and World Bank data bases Unemployment Rate 3.76 3.75 20.8 7 3.2 0.06 0
GDP Share 0.06 0.09 0.42 0.06 0.02 0.01 0.00
Income (USD) 30803 10856 58880 38801 29749 25045 4502
Population Density (person per km2) 636 632 4451 765 443 233 25
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correlated. The correlation coefficient between APS and CORE connectivity is 0.65: cities 
that are more connected to the APS network are also more likely to be connected via the 
CORE network. The correlation coefficient between the total FDI inflows and APS con-
nectivity centrality is 0.55: cities that are more connected in the APS network are more 
likely to attract foreign capital, as illustrated in Figure 1. The correlation coefficient 
between the total FDI inflows and CORE connectivity centrality is slightly lower, but 
still amounts to 0.36.

4. Analysis

To study the relationship between APS services, CORE services, and capital flows, we 
performed two analyses. In the first analysis, we investigate the overlap between APS

Figure 1. APS centrality, CORE centrality, and FDI total inflows.
Notes: Figure 1(A) shows the relation between CORE and APS centrality. Figure 1(B) illustrates the relation between CORE 
centrality and FDI total inflows, and Figure 1(C) illustrates the relation between APS centrality and FDI total inflows. Cities 
with zero CORE centrality or zero FDI total inflows are not illustrated in the graphs. We show the name of the 20 cities 
with the highest APS centrality in our sample with none-zero CORE centrality.
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service connectivity and CORE service connectivity. The second analysis studies how 
APS connectivity and CORE connectivity influence cross-border investment flows.

4.1. Interlocking of APS and CORE service network

We apply a gravity-type model estimated by a Generalized linear model with a Poisson 
distribution:

ln (APSij) = a1 ln (COREi,j)+ r1Disti,j + s1Econi + x1Econj + Di + Dj + uAPS
ij , (6) 

ln (COREij) = a2 ln (APSi,j)+ r2Disti,j + s2Econi + x2Econj + Di + Dj + uCORE
ij , (7) 

where Equation (6) estimates the determinants of APS service connectivity between city i 
and j (APSij), and Equation (7) focuses on CORE service connectivity between city i and j 
(COREij). a1(a2) captures the impact of the CORE (APS) service connectivity on APS 
(CORE) service connectivity. We consider two categories of control variables: (1) 
factors associated with transaction costs due to information asymmetry (Jandik & Kali, 
2009); and (2) local urbanization and economic fundamental variables (Jacobs, Koster, 
& Hall, 2011). The first group of factors is represented by Disti,j, which measures the ‘dis-
tance’ between cities i and j. We use two proxies: having the same legal system and the 
geographic distance between the two cities. r1 and r2 are a vector of coefficients of Disti,j 
for APS connectivity and CORE connectivity, respectively. City-level push and pull 
factors (Econi and Econj) are used for the second group of factors. The economic 
variables include the unemployment rate of the two cities, the share of city GDP in 
national GDP, income per capita, and population density. s1, s2, x1 and x2 are the cor-
responding coefficients. To account for institutional factors, we also include country 
dummies (Di, Dj). uAPS

ij and uCORE
ij denote the error term in equations (6) and (7), 

respectively.
As shown in Table 2, CORE service connectivity is interlocked with APS connectivity. 

A one percentage increase in APS connectivity is associated with a 0.69 percentage 
increase in CORE connectivity, while a one percentage increase in CORE connectivity 
is associated with a 0.25 percentage increase in APS connectivity. On the one hand, 
CORE provides spaces to accommodate high skilled labour pools and innovation clusters 
in globalized cities (Florida, Adler, & Mellander, 2017; Glaeser & Saiz, 2003; Sassen, 1994/ 
2000). On the other hand, CORE firms may also locate close to their customers (APS 
firms) (Pain, 2018). As a result, there is an ‘interlocking’ between APS location drivers 
and office occupation (Hoyler et al., 2014; Pain et al., 2018). Interestingly, the elasticity 
of APS connectivity on the CORE connectivity is more than two times larger than vice 
versa. This may indicate the importance of the APS locations to the location choice of 
CORE firms. Co-location theory (that CORE firms locate close to their customers) 
may play a more critical role in explaining the interlocking of the two flows. This quan-
titative finding corroborates qualitative evidence from interviews with senior real estate 
actors reported by Pain et al. (2020) that there is a recursive relationship between real 
estate business strategies and the location and agglomeration dynamics of global 
financial and linked business services. Quantitative analysis in the same study demon-
strated a strong association between GaWC city APS connectivity and the commercial 
real estate capital flows and returns on investment that are operationalized by CORE
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service firms, inferring a functional rationale for the spatial convergence between APS 
commercial office occupation, institutional investment, and CORE servicing strategies.

Moreover, we find that having the same legal system increases APS connectivity, con-
sistent with the previous finding that reduced uncertainty and information asymmetry on 
legal issues can facilitate the international intra-firm transfer of labour, knowledge, and 
capital (Zhu et al., 2022; Zhu & Lizieri, 2021). For physical distance, we can see that APS 
connectivity increases with the decrease in distance. However, we also find that CORE 
connectivity is significantly positively related to geographic distance. This can be 
explained by the fact that the location choice of CORE firms largely depends on the 
location of APS firms, and the first choice of the international real estate firms is 
always the global city, which may be on different continents. The positive impact of geo-
graphic distance on CORE connectivity indicates that the transfer of knowledge, labour, 
and capital can overcome the restrictions imposed by geographic distance. The contrast-
ing effects of geographic distance on APS and CORE connectivity can be attributed to the 
sparser distribution of CORE firms compared to APS firms. Transnational real estate 
firms tend to concentrate their operations in the most influential gateway cities across 
continents and in the most significant countries. In comparison to APS firms, CORE 
firms offer fewer service values within each country or continent. The sparser distri-
bution of the CORE network is also influenced by the fact that CORE represents only

Table 2.  Gravity model for the CORE and APS firm connectivity among 143 OECD cities.
Model 1: APS Firm Connectivity Model 2: RE Firm Connectivity

constant 1.318 4.643
(2.605) (4.486)

CORE Connectivity 0.250***
(0.066)

APS Connectivity 0.692***
(0.142)

Same Law 0.079* 0.036
(0.042) (0.067)

Geographic Distance −0.034*** 0.053***
(0.008) (0.018)

Unemployment Rate_i −0.003 −0.065
(0.025) (0.046)

Unemployment Rate_j −0.016*** −0.022***
(0.002) (0.004)

GDP share_i 0.616*** 0.375***
(0.045) (0.123)

GDP share_j 0.235*** 0.026
(0.011) (0.042)

income_i 0.304 −0.594
(0.260) (0.469)

income_j 0.270*** 0.291***
(0.030) (0.077)

Pop_density_i −0.039 0.041
(0.046) (0.076)

Pop_density_j 0.095*** −0.054***
(0.008) (0.018)

Country_Dummy Yes Yes
No. of Observations (Pair of Cities) 8,944 8,944
Log Likelihood −70,361 −26,676

Note: This table reports the gravity-type model where the dependent variables are APS firm connectivity (Model 1) and 
Real Estate Firm Connectivity (Model 2). The APS firm connectivity is calculated using the 2020 APS firm service. The 
Real Estate Firm Connectivity is calculated using the 2020 Real Estate firm service. The clustered standard error is in 
brackets. ***, ** and * stands for significant at 1%, 5% and 10% significance level.
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one subsector. In contrast, APS connectivity is based on 175 firms from five subsectors, 
including financial services, accountancy, advertising, law, and management consul-
tancy. The co-location of firms across these five subsectors, such as financial service 
firms co-locating with accountancy firms, leads to a higher concentration of APS firms 
within a country. However, despite the real estate sector having a smaller number of 
firms compared to APS sectors, real estate firms still provide space for the majority of 
APS firms, which is confirmed by our sub-sector analysis in Appendix 6.

We can also see that APS and CORE connectivity is built between cities with better 
economic conditions, including lower unemployment rates, higher GDP share, and 
higher income. Interestingly, we can see that the coefficient of population density for 
cities i and j exhibits an opposite sign in both APS and CORE equations, indicating 
that APS and CORE connectivity tends to be built between cities with different levels 
of population density. Since the connectivity is symmetric, we are not able to distinguish 
the destination and source cities. Nevertheless, population density can be identified as a 
push and pull factor in the city network, as shown by Zhu et al. (2022). Pain et al. (2020) 
also found that urban density, especially urban hard density, is significantly correlated 
with office returns performance at a city level and therefore shows relevance for the dis-
tribution of office investment flows within the two cities.

4.2. Interlocking of APS network, CORE network, and investment flows

Given the problem with many zero capital flows between cities, the ordinary least squares 
method may be biased and inconsistent (Brodzicki & Uminski, 2018). Therefore, we use a 
zero-inflated Poisson regression with clustered standard errors.4 The zero-inflated 
Poisson (ZIP) model mixes two zero-generating processes: the process of generating 
zeros (Equation 8) and the process of a Poisson distribution that generates counts, 
some of which may be zero (Equation 9):

Pr(Flowij = 0) = 1 − pij, (8) 

Pr(Flowij = f ) = pi
e− lij (lij)f

f (1 − e− lij )
f = 1, 2, . . . (9) 

where Flowij is the cross-border capital flows between city i and j. 1 − pij captures the 
excess zeros, which cannot be predicted by the Poisson equation. To estimate the 
relationship between APS and flows, we use a logit model, which predicts the probability 
of excess zeros in the dependent variable (pi, Equation 10) and a Poisson count model, 
which predicts the non-zero values in the dependent variable (li, Equation 11):

logit( pij) = c1 ln (APSi,j)+ f1 ln (COREi,j)+ l1 ln (APSi,j) ln (COREi,j)+ v1 ln (lpij)
+ u1Disti,j + d1Econi + h1Econj + Di + Dj + 1ij,

(10) 

ln (lij) =c2 ln (APSi,j)+ f2 ln (COREi,j)+ l2 ln (APSi,j) ln (COREi,j)+ v2ln(lpi.j)
+ u2Disti,j + d2Econi + h2Econj + Di + Dj + ei,j,

(11) 

where APSi,j, COREi,j are APS and CORE firm connectivity between city i and j, respect-
ively. Disti,j, Econi, and Econj are defined as in section 3.1. To account for institutional
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factors, we also include country dummies (Di, Dj).5 Considering the fact that investment 
flows are path dependent, we include the lagged investment flows between city i and j. 
Because our baseline model is for 2020, we use the capital flow in 2018 as the lagged 
investment flows. Previous literature on the impact of language, institutional and regu-
latory differences suggests that geographic proximity is an important ingredient in inter-
national portfolio allocation decisions as it reduces the cost of obtaining information 
about foreign markets (Blonigen & Piger, 2014; Hyun & Kim, 2010; Tesar & Werner, 
1995). The unemployment rate, GDP share of the country, income, population, and 
population density represent the fundamental economic situation in the destination 
and source cities, which are also considered important long-term factors for cross- 
border investments (Hyun & Kim, 2010).

The results are reported in Table 3. Column 1 includes only APS connectivity, Column 
2 focuses on CORE connectivity, and Column 3 shows the results based on APS, CORE 
connectivity, and the interaction between APS and CORE networks. As reported in Table 
3, Column 1, we find a significant positive relationship between APS connectivity and 
cross-border investment flows in the Poisson count model, confirming the assumption 
that the shared presence of an organization in any pair of cities presents the potential 
for inter-city interaction. A one percentage increase in APS connectivity is associated 
with a 0.86 percentage increase in capital flows. This is consistent with the previous 
finding by Zhu et al. (2022) that capital flows can be mapped to APS connectivity. For 
the zero-inflation part, APS connectivity can significantly reduce the probability of 
having zero inter-city investment flows. The marginal effect of a one percentage increase 
in APS connectivity on the probability of zero cross-border capital flow, ranges from – 
0.30% to zero.6 Overall, these findings confirm that APS can be regarded as a source 
‘to mobilize city space as an arena both for market-oriented economic growth and for 
elite consumption practices’ (Brenner & Theodore, 2002, p. 21; cited by Lizieri, 2009, 
p. 117).

If we include only CORE connectivity, as shown in Column 2, we find that cross- 
border investment flows are significantly positively related to CORE connectivity. A 
one percentage increase in CORE connectivity is associated with a 0.56 percentage 
increase in capital flows. For the zero-inflation part, a one percent increase in CORE con-
nectivity decreases the probability of having zero cross-border capital flows with a range 
from – 0.12% to zero. These results confirm that the physical infrastructures of cities also 
play a role in ‘locking down’ cross-border capital flows (Lizieri, 2009). Although the 
impact on the non-zero investment flows is similar, APS connectivity reduces the prob-
ability of zero investment flows more than two-fold compared to CORE connectivity. 
This further confirms the more important role of APS in interlocking capital flows 
than CORE. The coefficients of other control variables remain quite robust when 
using APS connectivity as the key variable.

However, when the interaction variable is added, the APS and CORE connectivity 
coefficient becomes insignificant (Table 3, Column 3). Instead, the interaction of APS 
and CORE connectivity can significantly positively explain the amount of capital flows 
between cities and reduce the likelihood of zero capital flows between cities. A one 
percent increase in the interaction of APS and CORE connectivity leads to 0.18 
percent increase in the capital flows. This indicates the synergy of CORE and APS con-
nectivity: CORE and APS networks interact with each other and attract flows of
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Table 3.  Gravity model for foreign investment flows among 143 OECD cities.
(1) (2) (3)

constant −57.309** −59.512** −53.893
(23.270) (24.183) (35.338)

APS Connectivity 0.861*** −0.017
(0.310) (0.369)

CORE Connectivity 0.563** −0.706
(0.244) (0.434)

APS × CORE 0.179***
(0.060)

Lagged Flow −0.005 0.004 −0.014
(0.051) (0.051) (0.082)

Same Legal System 0.035 0.160 −0.015
(0.351) (0.289) (0.358)

Geographic Distance −0.285*** −0.266** −0.292*
(0.099) (0.118) (0.153)

Unemployment Rate_ −0.006 0.034 −0.003
destination (0.040) (0.058) (0.070)
Unemployment Rate_ −0.057 −0.077 −0.065
source (0.046) (0.054) (0.043)
GDP share_ destination −0.120 0.013 −0.075

(0.461) (0.445) (0.394)
GDP share_ source −0.011 0.134 0.009

(0.188) (0.128) (0.183)
income_destination 1.718** 2.152** 1.899

(0.843) (1.012) (1.346)
income_source 3.001*** 2.979*** 2.943*

(0.841) (0.807) (1.587)
Pop_density_destination 0.982 1.092 0.984

(0.640) (0.694) (0.761)
Pop_density _source 0.536*** 0.614*** 0.443*

(0.181) (0.186) (0.246)
Country_Dummy_destination Yes Yes Yes
Country_Dummy_source Yes Yes Yes
Zero Inflation Part
constant 56.724*** 61.131*** 55.064***

(7.040) (7.610) (4.566)
APS Connectivity −1.183*** −0.539*

(0.309) (0.278)
CORE Connectivity −0.483*** 0.725***

(0.076) (0.267)
APS × CORE −0.191***

(0.045)
Lagged Flow −0.248*** −0.259*** −0.245***

(0.009) (0.010) (0.026)
Same Legal System −0.327** −0.396*** −0.301**

(0.135) (0.115) (0.138)
Geographic Distance 0.142*** 0.162*** 0.171**

(0.043) (0.043) (0.076)
Unemployment Rate_ −0.053 −0.080** −0.069***
destination (0.037) (0.040) (0.020)
Unemployment Rate_ −0.037 −0.032 −0.036
source (0.029) (0.031) (0.024)
GDP share_ destination −0.069 −0.400*** −0.072

(0.111) (0.063) (0.126)
GDP share_ source −0.238*** −0.486*** −0.270**

(0.048) (0.075) (0.122)
income_destination −1.427** −1.859*** −1.478***

(0.562) (0.587) (0.458)
income_source −3.190*** −3.657*** −3.278***

(0.313) (0.317) (0.284)
Pop_density_destination 0.172 0.118 0.205

(0.191) (0.185) (0.225)

(Continued ) 
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investment capital. The effects are stronger when the cities are connected both by APS 
and CORE networks. Moreover, the results for the zero-inflation part indicate that the 
interaction of APS and CORE reduces the likelihood of zero capital flow between 
cities. The marginal effect ranges from – 0.05% to zero in Column 3. This further 
confirms the synergy effect of the CORE and APS networks on the capital flows. The 
coefficient for APS connectivity remains significantly negative in the zero-inflation 
part, but the coefficient for CORE connectivity becomes positive. The change in the sig-
nificance of the coefficient for CORE and APS connectivity when both are included in the 
regression, can partly be explained by the high correlation between APS and CORE con-
nectivity. Overall, the results indicate that the presence of both APS and CORE networks 
escalates investment flows.

Apart from that, cross-border investment flows increase with a shorter geographic dis-
tance, higher income in both destination and source cities, and a higher population 
density in the source city. A shorter geographic distance and the same legal system 
also reduce the probability of zero investment flows between two cities. Better economic 
conditions, including higher GDP share and a higher population density in the source 
city, as well as higher income in both source and destination cities, can reduce the like-
lihood of zero investment flows. Moreover, previous capital flows also reduce the likeli-
hood of zero capital flows, which confirms the path dependence of the capital flows. 
Investments tend to happen between cities that already share offices. Furthermore, the 
BIC corrected Vuong Non-Nested test statistic is significant at the 1% level, confirming 
that adding the zero-inflation part can significantly improve the model’s fit.

5. Discussion and limitations

While increasing FDI can promote a better APS network and CORE network between 
cities, our goal in this paper is not to identify any directional causal effect. The interlock-
ing model indicates that the APS network, CORE network, and capital flows are inter-
connected. This is also supported by Appendix 3 and 4. As shown in Appendix 3, the 
capital flow in 2018 significantly explains the APS connectivity and CORE connectivity. 
As shown in Appendix 4, the interaction of APS and CORE in 2018 can reduce the prob-
ability of zero capital flows in 2020 and increase the capital flows in 2020. This further 
confirms the interlocking nature of APS, CORE connectivity, and capital flows.

Table 3. Continued.
(1) (2) (3)

Pop_density _source −0.334*** −0.487*** −0.311***
(0.094) (0.080) (0.112)

Counry_Dummy_destination Yes Yes Yes
Country_Dummy_source Yes Yes Yes
No. of Observations 17,888 17,888 17,888
Log-likelihood −145,995 −147,018 −143,940
BIC Corrected Vuong Non-Nested 10.574*** 11.906*** 10.497***

Note: This table reports the zero-inflated Poisson regression model where the dependent variable is the total amount of 
cross-border capital flows in 2020. The APS firm Connectivity is calculated using 2020 APS firm service. The Real Estate 
Firm Connectivity is calculated using 2020 Real Estate firm service. Column 1 includes only APS connectivity, Column 2 
focuses on CORE connectivity, and Column 3 shows the results based on APS, CORE connectivity, and the interaction 
between APS and CORE networks. The clustered standard error is in brackets. ***, ** and * stands for significant at 1%, 
5% and 10% significance level.
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Our results illustrate the logic and impetus behind state territorial strategies to ‘world’ 
cities in the era of ‘capitalist globalization’ (Roy & Ong, 2011; Sklair, 2006). The pro-
portion of foreign direct investments coming from the advanced services sector (over 
80%) can explain competition between governments to attract APS firms to their 
primary economic centres. But London’s high APS network connectivity to cities world-
wide (4892), endorses extant research illustrating that urban external relations are comp-
lementary when it comes to service economy commercial activity (Hoyler & Pain, 2001). 
The capacity of the interaction between APS and CORE to increase capital flows suggests 
that governments should consider how local economic development objectives can best 
be supported by policies that take the wider network links of cities into account. Since 
connectivity in APS and CORE service networks and FDI inflows are positively corre-
lated, encouraging investments in CORE material and communications infrastructures 
is likely to be a priority for the realization of local economic growth and capital spillovers 
to other cities and sectors.

We acknowledge that our analyses are subject to several limitations. First, our analysis 
provides quantitative proof of the interlocking of APS, CORE, and investment flows, 
which supports the argument that both serve as the conduit for inter-city financial 
flows. CFT can also be applied to both the APS and the CORE sectors and can be 
used to explain the co-evolution of capital flows and office real estate and APS networks. 
However, we are not able to completely tease out all confounding factors, as we can only 
perform cross-sectional analysis due to the CORE connectivity data restriction in this 
paper. To test if our model over-estimates the effect we include the lead-lag relation in 
equations (6), (7), (10), (11). In the dependent variable, we consider the APS and 
CORE connectivity in the year 2018.7 The results are reported in Appendix 3 and 
4. The results remain qualitatively robust. APS connectivity can promote CORE connec-
tivity and vice versa. Capital flow can significantly explain the APS connectivity but not 
the CORE network. Moreover, the interaction of the APS and CORE networks facilitates 
capital flows significantly. The presence of both APS and CORE networks escalates 
investment flows. The coefficients are smaller in size, which may be attributed to the 
quality of the real estate service value data. Nevertheless, the results further confirm 
the interlocking of APS, CORE, and investment flow networks.

However, we acknowledge that the city-level analysis cannot provide much detail on 
the complex network of actors providing CORE investment services. The CORE network 
is integral to the APS network but also goes beyond the APS data to include niche 
financial institutions, REITs, and other service providers that influence inter-city 
capital flows but lack a global network of offices. As a result, based on a cross-sectional 
city-level analysis, it is difficult to identify the causal relationship between APS and CORE 
networks, and the predominant channel that drives financial flows.

Second, our sample only includes the 143 cities with the largest economic size in the 33 
OECD cities. Importantly, this means we are only studying part of the world economy 
empirically, what we might call the capitalist ‘global West’, excluding key Chinese 
cities in globalization as well as large cities from poorer countries. As a result, our analysis 
is biased towards selected large economies and world cities with a high level of city infra-
structure and APS service values, in other words, cities more likely to attract investment 
flows according to a large urban studies literature. The impact of APS and CORE con-
nectivity on investment flows for emerging economies beyond the OECD and non-global
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cities, deserves investigation and can have policy relevance for understanding evolving 
global urban conditions, but is left for future studies. Further qualitative research is 
required to gain an understanding of how the routing of capital between central 
points and peripheries in city networks (Lefebvre, 1974/1991, pp. 26–27), is determined 
by APS and CORE day-to-day service practices.

Third, the real estate service value data are available for the year 2020. Therefore, we 
chose 2020 as our sample period. We acknowledge that in 2020 when our survey was con-
ducted, many cities were suffering from reduced office working due to the imposition of 
Covid-19 lockdown policies and working from home. Since commercial office real estate 
is the physical infrastructure necessary for economic activities to operate, ‘it articulates, 
and is subject to, its systemic capital investment flows’ (Lizieri & Pain, 2014, p. 441), our 
results may be expected to under-represent pre-pandemic interlocking of city office occu-
pation and inter-city capital flows. The Real Capital Analytics Top Global Investment 
Brokers 2020 analysis found that in 2020, worldwide commercial real estate sales fell 
to the lowest level since 2013 due to pandemic disruption to normal ways of doing 
business and economic activity (https://www.rcanalytics.com/2020-global-broker- 
rankings/). As Lizieri and Pain (2014) noted, in a financial crisis, real estate investment 
in global cities gives rise to systemic risk due to the locking together of the international 
financial system and the cities that are hosts to firms coordinating the system. The 
impacts are likely to be felt most in the world’s most globalized cities. Therefore, using 
the 2020 data as our sample can also be expected to under-represent the pre-pandemic 
influence of commercial real estate on international capital flows.

6. Conclusions

Adopting a CFT lens in this paper we studied the spatial overlap between city-based APS 
and CORE services activities in the year 2020 and benchmarked how their respective 
transnational servicing strategies influence international capital flows. Although the 
interlocking of APS firm spatial locations and cross-border capital flows has been inves-
tigated in previous literature (Zhu et al., 2022), the interlocking between CORE and APS 
services, as well as capital flows, had not been studied. Developing the arguments of 
Lizieri (2009), we suggest CORE services are a specific kind of APS that also facilitate 
the inter-scalar relations of cities and secondary inter-city flows of capital. This paper 
thus helps address the dearth of empirical evidence on the relationship between the 
CORE service network, the APS service network, and international investment flows.

Based on a comprehensive database of cross-border investment flows at the city level 
which includes both greenfield investment and M&A across 143 OECD cities, we find 
that CORE and APS network activities can be mapped to each other. In addition, the 
presence of both networks can promote cross-border investment flows, even during 
the 2020 pandemic. Being involved in APS and CORE transnational networks can esca-
late the inter-city capital flows and reduce the likelihood of zero inter-city capital flows. 
APS, CORE and investment flows are interlocked with each other. Relevant for urban 
policy, cities that are more central to the APS and CORE network attract more invest-
ment flows. The impact of the CORE network can spill over to other non-service sectors.

Our analysis advances inquiry into ‘alleged’ inter-city relations studied in city network 
analysis (Derudder, 2021). The results go beyond extant studies seeking evidence of
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‘actual’ world city network direct property finance capital flows on the one hand or FDI 
flows on the other hand. The spatial conjunction between APS and CORE services pro-
vision identified along with their influence on capital flows, provides insight into city 
external relations as more than an abstract concept. The geography of APS and CORE 
service network provision, evokes Bassens and van Meeteren’s (2015) description of a 
series of global cities as constituting an obligatory passage point and ‘backbone’ for 
the realization of international capital in contemporary globalization. Cities providing 
multinational CORE as well as APS services are able to articulate direct and indirect 
inter-city capital flows and spillovers to non-service sectors. An interlocking analysis 
reveals network relations as opposed to causal directions. Our quantitative evidence indi-
cates that APS servicing strategies affect those of CORE nearly three times as much as 
CORE affect APS, raising questions of causality which we are unable to answer in this 
present paper. If CORE markets drive APS agglomeration as suggested by Lizieri 
(2009), are APS centralities mapped to the geography of CORE services provision, or 
vice versa? The analysis contributes to understanding of transnational urban network 
relations in the year 2020 and paves the way for other studies of the spatial organization 
of APS and CORE service provision in the post-pandemic era.

Notes

1. A list of the firms in the two categories are provided in Appendix 1.
2. The different number of APS and CORE firms reflects that the APS firms include five sub- 

categories: financial services (75 firms), accountancy (25 firms), advertising (25 firms), law 
(25 firms), and management consultancy (25 firms). Within each category, the number of 
firms is comparable to the RE sector (22 firms). To control for the different number of com-
panies, we run robustness tests based on the connectivity of firms from each sub-sector. The 
results are reported in Appendix 6 and 7. As shown in the appendices, the CORE network 
interlocks with each of the five sub-sector firms, except for the insignificant impact of law 
firm connectivity on CORE firm connectivity. Regarding the impacts of each sub-sector 
firm on investment flows, we can see that the network of firms from each sub-sector 
reduces the likelihood of zero-investment flows, and the connectivity of firms from law, 
advertising, and management consultancy firms increases the amount of investment 
flows. Overall, we can see that our findings based on 175 APS firms reflect the overall con-
dition of the five sub-sectors. The findings on the interlocking of the APS network, CORE 
network, and investment flows are not influenced by the number of companies in the APS 
firm category.

3. In the OECD database, personal income is only reported to 2017, so we use personal income 
in 2017 as a proxy. However, given the importance of personal income as an economic 
factor, we keep it in our baseline model. The results and conclusions are completely 
robust if we drop the variable of personal income. The results without the personal 
income control are available from the authors by request.

4. In appendix 5, we also present the results using only the cities with non-zero capital flows. 
The finding that the synergy of APS and CORE network positively influence the capital flow 
remain robust. However, we have chosen to keep the Zero-inflated Poisson regression as it 
includes all cities, including those with zero values.

5. Country dummies can capture country-level policies, such as credit supply, interest rates, 
inflation, etc. In Appendix 8, we removed the county dummies and instead included 
country-level control variables. In this case, the coefficients for our key variables are larger.

6. In logistics regression, the relationship between dependent and independent variables is an 
S-shape curve, which is nonlinear. As a result, the marginal effect of a change in the

18 K. PAIN ET AL.



independent variable becomes a bell shape curve. The marginal effect of a percent change in 
APS is an upward bell shape curve with a range of [0, c1/4%] when c1 is positive and a 
downward bell shape curve with a range of [ c1/4%, 0] when c1 is negative.

7. Real estate firm service data was initially collected in 2018, however, the data quality is not as 
good as in 2020. Therefore we use the results based on 2020 data as the baseline model.
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