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Executive Summary

Asia’s emerging and growing megacities are expected to handle a large volume of air traffic flows 
for regional, national, and/or local economic development in wider production networks. 
Such a demand projection and economic policy will require a series of major capital 

investments to improve airport capacity and accessibility within megacities in some phases of 
development. Yet very little is known about the influences of the dynamic and complex development 
of airport systems, including the provision of ground transportation infrastructure and services, 
on the spatial transformation of megacities in Asia and other global regions. 

This study attempts to provide answers or implications to three key questions: (i) what types of urban 
policies have been discussed and practiced with regard to airport system development in megacities?; 
(ii) how has airport system development influenced the spatial transformation of Asian cities?; 
and (iii) could policy options for airport system development affect the economic performance of 
Asian cities? (Chapter 1). The research consists of four major analyses and a conclusion section.

First, the literature review highlights five bodies of studies on airport system development: 
(i) macroeconomic studies, including empirical analyses of the linkage between air traffic, 
airport capacity and connectivity, and economic growth; (ii) airport-centric development, 
including normative and empirical studies; (iii) empirical studies of the relationship between the 
intra- metropolitan distribution of employment and transportation infrastructure and accessibility, 
including airports; (iv) hedonic pricing studies of airport externalities from airports; and (v) studies of 
ground transportation to/from airports and access to airports by public transportation (Chapter 2).

Second, descriptive statistics present the spatial characteristics of airport system development in 
megacities in Asia and the other global regions. The main findings from this illustrative analysis are six: 
(i) the construction of new airports was popular in emerging megacities in Asia, while the expansion 
of airport terminals occurs sequentially in both established and growing megacities in North America, 
Europe, and Asia; (ii) the formation of multi-airports is relatively new, but is gradually rising in the 
established and growing megacities of Asia; (iii) new airports are usually built outside urban areas and 
connected by various airport rail link systems, depending on the distance of access or egress to/ from 
the city centers; (iv) the construction of airport–rail links has been intensive in recent decades and 
can be coordinated both proactively and reactively with the emergence and growth of megacities 
in Asia; (v) emerging megacities in South Asia and Africa have not yet played a nodal role with the 
development of single-airport systems for limited air traffic flows; and (vi) megacities with the 
development of single- and multi-airport systems have shown varying levels of economic production 
and growth in Asia and global regions (Chapter 3).
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Third, three case studies were conducted in Tokyo and cities in the People’s Republic of China 
(PRC) to understand the relationships between airport system development and socioeconomic 
factors in urban areas. Intracity empirical analysis of the Tokyo case study showed that improving the 
accessibility of an airport by investing in the urban rail network has a significant impact on employment 
density and land prices. Intercity empirical analysis of the PRC found that regional gross domestic 
product per capita could be increased by 11.0% to 12.2% by upgrading the airports. The economic 
impact was significant in regions with smaller airports, while it may not have been significant in regions 
with larger airports. Further empirical analysis using data from the airport development system in the 
PRC suggested that the proportion of tertiary industry production was negatively associated with the 
time interval of airport development, while airport status and the distance between the airport and the 
city center were positively associated with the time interval (Chapters 4, 5, and 6).

Fourth, the case surveys based on personal interviews, public reports, statistics, and other 
supplementary materials shed light on further details and local knowledge about airport system 
development practices in three Asian cities (Ha Noi, Manila, and Jakarta) with different population, 
urbanization, and economic production backgrounds. The main lessons learned from the detailed 
case surveys are as follows: (i) the complexity of airport system development (e.g., construction 
of a single new airport, expansion of airport capacity, and formation of multi-airports) depends on 
the degree of urbanization and the stage of economic development; (ii) international development 
agencies can play an important role in enhancing the economic impact of airport capacity expansion 
along with ground transportation investment through loan programs and/or technical assistance 
in emerging economies; (iii) the location of a (former) military air base in a metropolitan area 
is one of the critical factors in the formation of multi-airports, as the selection of sites for the 
construction or relocation of new airports is significant to the availability and accessibility of public 
land for airport capacity expansion; (iv) Asia’s major corporations could take on the development 
and management of airport systems in an integrated way by internalizing the broader economic 
benefits of building new airports by developing land around new airport terminals and along ground 
transportation corridors if governments (or international development agencies) offer generous 
incentives to private partners, such as a range of tax breaks (Manila); (v) coordinating land use for 
airport-linked economic development often requires addressing the issue of land acquisition and 
resettlement of communities surrounding highway interchanges and/or rail stations with airport 
access. Military agencies may need to be involved in the land use coordination process for airport 
development as public landowners in the vicinity of airports or former airbases; (vi) relocation of an 
airport may lead to significant and transformative development opportunities in inner-city locations, 
while limiting the possibility of secondary or tertiary airport use (Jakarta); (vii) the development of 
new secondary and/or tertiary airports is proposed to mitigate the concentration of traffic around 
existing primary and/or secondary airports in dense inner-city locations. However, the formation of 
multi- airports is likely to necessitate additional investments in ground transportation infrastructure 
and services, especially airport rail links for reliable passenger travel services, between city-center 
and city- fringe locations (Ha Noi, Jakarta, and Manila); (viii) investment in airport rail connections 
requires coordination of development among jurisdictions and/or sectors to improve connectivity 
and last- mile accessibility, although the direct benefits of investments in airport rail connections for 
travelers are still debatable; and (ix) the broader economic benefits of developing the airport system 
may rely on municipal governments proactively adjusting land use zoning codes around airports 
and/ or along ground transportation corridors with airport connections (Chapter 7).
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Finally, this study draws important conclusions from the above findings for the three levels of 
urban policy and development practice: (i) national-level agencies are expected to play a critical 
role in developing a locational strategy for more dynamic and complex airport systems to ensure 
the competitiveness and sustainability of emerging and growing megacities in wider production 
networks with financial and/or technical support from international development agencies; 
(ii) metropolitan- level entities are encouraged to collaborate horizontally in the strategic provision 
of ground transportation infrastructure and services, including airport rail links and expressways, 
by overcoming the problem of jurisdictional and/or sectoral fragmentation to promote seamless 
travel experiences between cities and airports to improve accessibility and thus promote 
airport- linked economic development; (iii) municipal- and/or district-level agencies can take 
strong initiatives to enhance and capture the net economic impacts of dynamic and complex 
airport- system development through proactive land use coordination and unique business 
promotion/stewardship in collaboration with private developers, landowners, and other local 
stakeholders. The three levels of policy implications are interdependent, suggesting that multilevel 
governance is essential for the competitiveness and sustainability of emerging and growing 
megacities with the successful implementation of dynamic and complex airport system development 
on unique evolutionary pathways across metropolitan, national, regional, and global production 
networks (Chapter 8).





Chapter 1

Motivation and Scope of Study

Many countries in Asia are expected to face an unprecedented volume of air traffic flows 
arising from rapid urbanization and economic development, especially in their emerging 
and growing megacities (Boeing 2018; ICAO 2018). Certainly, the coronavirus disease 

(COVID-19) pandemic and following fuel price inflation have overshadowed the growth of air 
transportation markets globally for more than a few years. Nevertheless, in both optimistic and 
pessimistic scenarios, global air traffic is forecasted to reach pre-COVID-19 levels by around 2025 
(ACI 2021; IATA 2022). Such demand forecasts will continue to require a series of major capital 
investments to improve airport capacity and accessibility within megacities across several different 
phases of system development. 

Initially, the relevant authorities would promote general programs to increase the capacity of primary 
airports, including the construction of additional runways and the modernization of passenger 
terminals, as well as the improvement of ground transportation connections. However, because 
old primary airports operate in already built-up areas, they are usually physically limited for further 
capacity expansion. As a result, megacities are planning to build new secondary airports, usually in 
the suburbs and exurbs where there is plenty of land available for future growth, but where extensive 
ground transportation is critical for accessibility within the city. In this process, relevant authorities 
must consider two major development approaches—building a multi-airport system or replacing 
an old primary airport—depending on the spatial characteristics and economic progress stages of 
megacities on divergent development pathways. 

The development pathways are the other way around, as the two approaches to airport system 
development are very likely to influence the spatial configuration and economic productivity 
of emerging and growing megacities to a significant degree in the coming decades. The former 
approach could benefit rapidly expanding megacities by separating larger catchment areas at 
different locations within the city, but would require more expensive infrastructure investments 
and more complex service arrangements for ground transportation systems (Murakami, Matsui, 
and Kato 2016). In contrast, the latter approach could benefit already congested megacities by 
eliminating airport-related negative externalities and height restrictions, and by creating large- scale 
developable sites for urban regeneration in already built-up areas (Murakami and Kato 2020). 
But this would drive up intracity travel costs to and from newly constructed suburban and extraurban 
airports. The economic efficiency of impending urbanization would depend progressively on the 
development of such an airport system along with supportive policy measures, as well as favorable 
market conditions. 
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Yet, there is little empirical research on the spatial transformation and economic performance of 
megacities associated with airport system development. We can foresee that this issue will be of 
particular importance to urban transportation, land use, and economic development policies in 
Asia’s growing and emerging megacities, which currently operate very congested primary airports 
near old downtowns. There is a need to plan for the development and management of (multi-)
airport systems with ground transportation and land use coordination for the coming decade, 
such as in Ha Noi, Ho Chi Minh City, Jakarta, and Manila.

From this perspective, our research questions can be summarized as follows:

(a) What types of urban policies have been discussed and/or introduced with regard to airport 
development and investment in airport infrastructure in megacities?

(b) How has airport system development influenced the spatial transformation of Asian cities?
(c) Could policy options for airport system development influence the economic performance 

of Asian cities?

These three main questions are outlined by the following four objectives:

(a) Objective 1: Review institutional coordination and policy implementation practices related 
to the development and management of existing airports and airport access infrastructure.

(b) Objective 2: Conduct geospatial data analysis on the relationship between airport system 
development (airport location and multimodal access) and economic performance in a 
selected Asian megacity.

(c) Objective 3: Carry out an international comparative analysis of airport system development 
policies, practices, and outcomes in major cities in Asia.

(d) Objective 4: Give policy recommendations for the economic competitiveness of growing 
and emerging megacities along medium- to long-term strategies for airport system 
development in Asia. 
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Chapter 2

Review of the Spatial Characteristics 
and Economic Effects of Airport 
System Development

2.1 Overview

Air transportation has played an increasingly important role in the global economy—particularly 
in global trade, logistics, tourism, and producer services—since a worldwide political swing toward 
deregulation and privatization took place in the 1980s. Despite a series of global disease outbreaks, 
terrorist attacks, and economic setbacks in the early 21st century, demand for airport transportation 
continues to grow significantly. According to recent trends, air passenger traffic is expected to 
double to 8.2 billion by 2037, which could create 100 million jobs worldwide (IATA 2018). Similarly, 
air cargo, which represents less than 1% of global trade by tonnage but currently accounts for 
more than 35% of global trade by value, is expected to more than double over the next 2 decades, 
especially as e-commerce grows (Boeing 2018).

However, this growth appears to be geographically uneven and complex. Advances in aircraft 
technology, along with open-skies agreements and airline alliances, have helped economize the 
geography of air passenger and freight services toward explicit hub-and-spoke formations worldwide 
(Bowen 2012; O’Kelly 2014; Walcott and Fan 2017; Wang and Jin 2007). In addition, low-cost 
carriers are having a greater impact on regional connectivity and catchment area coverage by 
increasing their share of passenger and cargo markets. The Asia and Pacific region is leading this 
market expansion and territorial transformation as it manages growing traffic flows to and from 
multiple hub cities and/or megacities with multiple airports, accompanied by its newly emerging 
economies and middle-income population (O’Connor and Fuellhart 2016; O’Connor 1995). 
From this perspective, geographic studies typically examine how the development of air 
transportation networks affects the ranking of cities in terms of their competitiveness in regional 
and global hierarchies at a macro (inter-metropolitan) scale.

Rapid growth and overconcentration of air passenger and cargo traffic require billions of 
dollars of investment in airport capacity development, including expansion of existing airports, 
terminal upgrades, relocation of city airports, and/or construction of secondary airports, along 
with ground transportation improvement programs (ITF 2014). Over the next 4 decades, 
$1.1 trillion in public– private investment in airport infrastructure projects is currently planned 
or underway—$255 billion in new greenfield airport projects and $845 billion in existing airport 
projects (CAPA 2015). In particular, Asia and the Pacific and the Middle East are spending higher 
amounts on new airport construction projects than the other global regions. However, the decision 
between building new and/or expanding existing airports depends on many idiosyncratic factors, 
including environmental risks and community opposition (Graham and Morell 2016). Policy makers 
and other stakeholders around the world are currently faced with a series of critical decisions about 
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the adequacy of developing airport systems for future competitive and sustainable cities. Indeed, 
competitive cities (or “entrepreneurial” city agencies under neoliberalism) tend to encourage such 
large-scale capital investments not only to improve the operational efficiency of air transportation 
systems for the direct benefit of users, but rather to generate wider economic impacts around major 
airports as “engines of growth” in micro (intra-metropolitan) contexts (Banister and Berechman 
2001; Berechman and Paaswell 2005; Goetz 2015; Mosbah and Ryerson 2016).

In traditional location theory, transportation investments are expected to reduce travel costs 
and improve accessibility for users, cities, and even regions. By improving accessibility, cities are 
expected to increase economic output, labor productivity, and local employment. Consistent with 
studies on new economic geography (or urban spatial structure), access to airports can be assumed 
to be one of the key factors for competitive firms in choosing locations and forming industrial 
clusters for agglomeration economies (Fujita and Thisse 1996; Krugman 1991; Porter 1996). 
In recent years, several aviation studies have summarized the economic effects of airport system 
development into four large categories (Bowen and Rodrigue 2020; CAPA 2015; Goetz 2015; 
IHLG 2019; ITF 2014): 

 • Direct Effects: Activities at the airport itself, services to passengers (e.g., check-in, 
security, boarding), cargo (e.g., loading and unloading), and aircraft (e.g., fueling, 
cleaning). This category also includes concessionaires operating in airport terminals.

 • Indirect Effects: Activities powered by backward linkages from the airport—production 
(e.g., jet fuel suppliers, electricity producers and other utilities, and fresh food sold in 
restaurants at the airport). An airport requires many different inputs, and the flow of these 
inputs into the airport generates a counterflow of money into the economy of the local area 
and beyond.

 • Induced Effects: Activities driven by forward linkages—consumption, especially spending 
by people who work at the airport and passengers who pass through the airport. Notably, 
airport workers at a major hub spend their income on basic goods and services, including 
retail, local transportation, and housing. The restaurants and hotels that surround many 
airports also fall into this category.

 • Catalytic Effects: Activities that attract and retain airports through reduced transportation 
costs, improved network connectivity and accessibility, and enhanced agglomeration 
economies. This category can include a range of speed-sensitive, airport-using businesses, 
such as global trade, logistics, high-tech manufacturing, tourism, and producer services, 
which tend to co-locate near airports and/or airport-linked industrial zones. 

The “catalytic” category may offer greater benefits, but also more complex impacts to be measured 
by transportation planners and economic analysts than the other three categories. While the 
link between airport investment and economic growth is generally very likely, the magnitude and 
patterns of airport-related economic development are still debatable, as there is little knowledge 
synthesis on such wide-ranging economic impacts, including both positive spillover effects and 
negative externalities of airport system development from different disciplinary perspectives, 
in different industry sectors, and at different geographic scales (Goetz 2015; Mosbah and 
Ryerson 2016). Thus, prior to examining the spatial characteristics and economic effects of airport 
system development in Asian cities, we attempt to provide a systemic framework of interdisciplinary, 
cross-sectoral, and multi-scale analyses based on the above- mentioned (spatial and economic) 
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rationales by reviewing relevant (i) macroeconomic studies; (ii) airport- centric development; (iii) 
urban spatial structure; (iv) hedonic price studies; and (v) ground transportation and airport access 
by public transportation.

2.2 Macroeconomic Studies

There is a relatively large body of macroeconomic studies that empirically examine the relationship 
between air traffic, airport capacity and/or connectivity, and economic growth. The first papers to 
discuss the economic benefits of hub airports are Button and Lall (1999) and Button et al. (1999), 
who analyzed the bidirectional relationships between high-tech employment, hub-and-spoke 
services, and air passenger flows in four selected metropolitan areas in the United States (US) 
(Pittsburgh, Cincinnati, Nashville, and Milwaukee) between 1980 and 1990. Likewise, Button 
and Taylor (2000) point to the importance of international air services in the new economy by 
demonstrating the relationship between local employment and air passenger flows to and from 
Europe in 41 US metropolitan areas. Debbage and Delk (2001) also statistically confirm that a 
significant relationship exists between administrative employment and air passenger volumes for 
the top 50 urban–airport complexes in the US from 1973 to 1996. Brueckner (2003) finds that 
the level of airline service with airport expansion matters to contemporary firms because it affects 
the cost of managing face-to-face interactions with business partners in other cities. His empirical 
results from 91 US metropolitan areas for 1996 show that a 10% increase in airport passenger traffic 
(enplanements) leads to a 1% increase in service-related employment.

In later years, macroeconomic studies have paid increasing attention to the direction of causality between 
airport traffic and economic development. Using panel data and instrumental variable regression 
methods for 83 US metropolitan areas between 1990 and 2000, Green (2007) tested whether the 
various measures of airport activity (e.g., passenger volumes, originations, hub status, and cargo 
volumes) are a cause of urban employment and population growth. This econometric analysis showed 
that air passenger traffic is a strong predictor of economic growth, but air cargo traffic is not. Bel and 
Fageda (2008) also identified the causal relationship between the location of large firms’ headquarters 
and the supply of direct intercontinental flights in 52 European urban areas from 1992 to 2000 using 
the two-step efficient generalized method of moments (GMM) estimator. Bilotkach (2015) applied 
the dynamic panel data GMM estimator to estimate the impact of air passenger service volume and the 
number of destinations served by nonstop flights on the growth of total employment and average wages 
in all US metropolitan areas with major airports from 1993 to 2009. 

The following studies examine the direction of causality between air traffic and economic growth 
by applying Granger causality analysis to relatively long-term panel data sets from different global 
regions. Mukkala and Tervo (2013) found that there is causality between air passenger volumes 
and regional economic growth (employment and gross domestic product [GDP]) in peripheral 
regions of Europe, while the causality is less clear in core regions. Marazzo, Scherre, and Fernandes 
(2010) showed that air passenger-kilometers are sensitive to economic growth (GDP), but GDP 
tended to have a slower and weaker response to a change in air passenger kilometers in Brazil 
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from 1966 to 2006. Baker, Merkert, and Kamruzzaman (2015) provided evidence that there 
are both short- and long-term causal links between air passenger traffic and economic growth 
(aggregate real taxable income) by analyzing 88 regional airports in Australia from 1985/1986 
to 2010/2011. Mehmood, Aleem, and Shahzad (2015) proved that there is a bidirectional 
relationship between air traffic (career departures) and economic growth (gross national income) 
in Asian countries from 1970 to 2014. On the other hand, using panel data from South Asia 
(i.e., Afghanistan,1 Bangladesh, Bhutan, Maldives, Nepal, Pakistan, and Sri Lanka), Hakim and 
Merkert (2016) demonstrated more of a long- run unidirectional causality from economic growth 
and air travel from 1973 to 2014, suggesting that the lack of bidirectional and short-run causality 
is likely due to spatial idiosyncrasy and contextual heterogeneity of the case countries.

Another trend in macroeconomic research is to measure the “sector-specific” economic impacts 
of airport system development. Neal (2012) examined the causal relationship between airline 
passengers and “creative” employment (workers in the arts, design, entertainment, sports, 
and media) using panel data sets from 128 US metropolitan areas with 145 major commercial 
airports from 2000 to 2008. This analysis infers that attracting tourist and business travel flows can 
only lead to creative job growth if the national economy is growing. Similarly, Florida, Mellander, 
and Holgersson (2015) statistically tested the relationships between creative employment 
(e.g., human capital and Bohemian index), airport development, and economic productivity 
(gross regional product per capita) based on cross-sectional data from 120 US metropolitan areas 
for 2010. According to this research, a city with creative bohemians is very likely to have an airport, 
and cities with human capital development tend to have high economic productivity associated 
with the airport system development. Sheard (2014) claimed that the effect of airport size on total 
employment is insignificant, but expansion of airport capacity leads to industrial specialization and 
significant growth in tradable services employment, based on the results of a series of two-stage 
least square regressions for sectoral employment in 290 metropolitan areas for 2007. 

Some empirical work in recent years has examined in more detail the impact of air freight 
transportation on regional economic development. For example, Chang and Chang (2009) used 
Granger causality analysis to examine the causal relationship between air cargo and economic 
growth in Taipei,China from 1974 to 2006, demonstrating a long-term equilibrium and bidirectional 
relationship. Button and Yuan (2013) also tested causality between air cargo volumes and a number 
of economic growth measures (total employment, personal income, and per capita income) using 
panel data from 32 US metropolitan areas with 35 airports from 1990 to 2009. Uniquely, Chi and 
Baek (2013) found that the 11 September 2001 terrorist attacks and the severe acute respiratory 
syndrome (SARS) epidemic had a negative impact on air passenger traffic in both the short and 
long term, but the same shocks had little impact on air cargo traffic, which tended to increase with 
economic growth (real income). A few macroeconomic studies have looked at airport location 
planning and investment policy attributes. For example, Percoco (2010) measured the “territorial 
spillover effects” of air passenger traffic on economic growth among neighboring airports using 
province-level data sets from Italy for 2002. Tittle, McCarthy, and Xiao (2013) examined the 
effects of “airport runway capacity” (e.g., the number of runways and maximum runway length) on 
various economic measures using panel data sets for 35 US metropolitan areas from 2000 to 2007. 

1 ADB placed on hold its assistance in Afghanistan effective 15 August 2021. See ADB (2021).
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2.3  Airport-Centric Development—From Normative Models to 
Practical Challenges

A growing body of applied research in airport operations, economic geography, urban planning, 
public policy, and real estate business is examining not only the overall extent, but also the 
detailed patterns of airport system development and its contribution to local economic growth 
and restructuring within districts, cities, and metropolitan areas as “normative” land use models 
for the 21st century. Indeed, urban planning studies and practices in the last century had tended 
to overlook airports, despite their potential role in shaping urban form (De Barros 2013; Mosbah 
and Ryerson 2016; Freestone and Baker 2011). Most notably, Kasarda (2001, 2019, 2020) saw 
the changing importance of major airports as drivers of development, as they attract a variety of 
speed-sensitive commercial activities and relevant value-added services both in the immediate 
business zones—called “airport city”—and along radiating ground transportation corridors up 
to 30 kilometers (km) outward—called “aerotropolis.” In recent years, the airport city and/or 
aerotropolis concept has been gradually adopted by policy makers and urban planners in cities with 
hub airports for competitiveness reasons not only in North America (e.g., Memphis and Denver) 
but also in other regions of the world, including Asia (e.g., Hong Kong, China; Incheon; and 
Singapore) (Cox 2010; Goetz 2015; Kasarda 2006; Kasarda and Lindsay 2011). 

Importantly, the wider economic impacts of airport system development can occur in different 
locations and at different territorial scales. Therefore, several studies have coined different terms 
to illustrate the evolutional stages of airport-centric development driven by specific owners and/or 
stakeholders as normative models. Freestone and Baker (2011) summarized the six development 
models as follows:

(1)  Airfront: Airport-related commercial zone at the airport fringe, managed by a local 
community and/or through public–private partnerships 

(2)  Decoplex: New airport community in the regional setting led by a master developer 
(3)  Airport City: Planned mixed-use development on airport site led by the airport 

owner- lessee
(4)  Airport Corridor: Coordinated provision of infrastructure and commercial development 

along the airport–central business district (CBD) axis led by private developers and/or 
public infrastructure authorities

(5)  Aerotropolis: Time-sensitive scatter of aviation-oriented land uses across the 
airport- centered metropolitan area driven by the private market

(6)  Airea: Discrete spatial clusters of airport-related development in the metropolitan 
subregion driven by the private market

While these normative models for urban competitiveness in globalization have gained political 
popularity, the sustainability and/or complexity of airport-centric development in practice has 
been increasingly debated in several studies. Charles et al. (2007) criticized the industry- focused 
aerotropolis model in three unsustainable aspects—energy, security, and export-oriented 
economy—for years to come. Similarly, Freestone (2009) and Boquet (2018) pointed out that 
traditional community opposition (or so-called “NIMBY” reactions) to airport capacity expansion 
projects is evolving into more fundamental problems for the aviation industry as a whole, such as 
nonrenewable energy consumption and global climate change. 
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A number of studies address land use policies and planning practices related to privatized airports in 
Australia. Freestone (2011) argued that neoliberal land policies around federally leased major airports 
lead to new commercial real estate developments (e.g., factory outlets and big-box retailing) for the 
non-aeronautical revenue streams of major airports; but such “light-handed” land regulation inevitably 
leads to conflicts with local planning systems and practices. In the same context, Freestone, Baker, and 
Stevens (2011) examined the pragmatic attitudes of airport planners and property managers toward 
the regulatory risks and uncertainties associated with non-aeronautical commercial development. 
Baker and Freestone (2012) showed that while private airport owners embrace the airport city 
concept, local planning agencies and key stakeholders struggle with inadequate coordination of 
infrastructure in and around airports due to differing values and interests. Freestone and Wiesel 
(2014) further claimed that local planning conflicts with the airport city concept occur not only in 
cities with capital status and large airports, but also around smaller secondary airports that are slated 
for privatization and revenue diversification. Analogous land use patterns, local planning challenges, 
and potential development risks have been increasingly reported from cities with capital status and hub 
airports in Europe and Africa, such as Paris-Charles de Gaulle (Kasioumi 2015), Amsterdam-Schiphol 
(Van Wijk, Brattinga, and Bontje 2011), Accra Airport (Arthur 2018), and Cape Town and OR Tambo 
International Airports (Mokhele 2017, 2018).

On the other hand, an emerging body of research is attempting to evaluate the performance of 
land use planning around airports and/or identify the key factors for competitive airport-centric 
development. Wang and Hong (2011) and Wang et al. (2011) demonstrated a systematic analysis 
to support the development of airport-based economic zones into an airport city with 30 key 
(planning) factors and seven (development) trends using the case of the Taoyuan International 
Airport in Taipei,China. Yeo, Wang and Chou (2013) and Wang, Chou, and Yeo (2013) identified 
“hub status,” “geographic location,” “airport access mode,” “land use planning and cost” as the 
main criteria for the competitiveness (or service quality) of an aerotropolis by applying a fuzzy 
multiple criteria decision-making method for five city cases in East Asia—Beijing; Hong Kong, China; 
Incheon; Shanghai; and Taoyuan. In the US, GAO (2013) identified “development at the airport,” 
“air and surface connectivity,” “funding sources,” “development in the region,” and “stakeholder 
collaboration” as five factors that facilitate airport-centric development based on reviews, 
interviews, and 14 in-depth case studies. Drawing from this government report, Boloukian and 
Siegmann (2016) emphasized the role of “urban logistics” in extensive airport-centric planning 
and development. However, Janic (2016) indicated how “compatible” land use criteria for the 
airside area (aeronautical activities for operational efficiency, public safety, and environmental 
consideration) are different from those for the landside area (non-aeronautical revenues and real 
estate values). Wang, Gong, and Yang (2018) used the case of Dalian New International Airport in 
the People’s Republic of China (PRC) as an example to illustrate the optimal location patterns for 
basic industries, employees’ housing locations, and service industries to locate in an airport-linked 
economic zone based on cargo, passenger, information, and monetary flows.
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2.4 Urban Spatial Structure—Evidence for Airport-Centric Development

Studies of “urban spatial structure” in urban economics and/or regional science provide empirical 
evidence of the intra-metropolitan distribution of employment, with particular interest in 
transportation infrastructure and accessibility, including airports, as key determinants of economic 
growth during rapid suburbanization. Indeed, the evidence on the degree and patterns of 
airport- centric development in different phases and/or different contexts appears to be mixed. 
Giuliano and Small (1991) initially identified mixed industry and specialized manufacturing 
employment centers around five suburban airports in the Los Angeles region using the 1980 Census 
data. Giuliano and Small (1999) further suggested that the growth of suburban employment 
centers in the Los Angeles region between 1970 and 1980 is statistically explained by access 
to the primary airport and the other three regional airports. However, Giuliano et al. (2012) 
found that access to the primary airport and the other regional airports appears to be statistically 
insignificant in explaining the growth of suburban employment centers in the Los Angeles region 
under the relatively weak economic conditions between 1990 and 2000. Similarly, McMillen and 
McDonald (1998) showed that access to O’Hare International Airport is a significant determinant 
of employment density in the Chicago region between 1980 and 1990. On the other hand, 
Greene (2008) noted the decline of an airport- related employment center around O’Hare in 
Chicago between 1990 and 2000. Lang et al. (2009) argued that suburban employment centers 
tend to lose their competitive advantages and become “edgeless” as congestion increases, 
by presenting the spatial distribution of office development around major transportation 
interchanges, including airports, in 13 US metropolitan areas.

In recent years, there has been a growing body of empirical work examining the impact of airports 
on the distribution of employment in US metropolitan areas. Appold and Kasarda (2013) identified 
the spatial concentration of employment within 2.5 miles (or about 4 km) of 25 major airports in 
22 US metropolitan areas in nine industry sectors for 2010. However, Cidell (2014) claimed that 
the airport city/aerotropolis concept in the US context ignores the spatial complexity of individual 
metropolitan areas and overstates the influence of an airport on regional economic development by 
showing the spatial variations in the distribution of employment in professional and administrative 
service sectors at 25 US major airports for 2007. Based on the results of spatial regressions for 
51 US metropolitan areas for 2000, Appold (2015a, 2015b) further suggested that (i) access 
to airports determines the location of “aviation-providing” employment (e.g., airline services, 
aircraft maintenance, and airport operations); (ii) urban land costs and agglomeration benefits 
influence the presence of “aviation-supporting” employment (e.g., accommodations and retail) 
and “aviation- using” employment (e.g., producer services and manufacturing); and (iii) airport cities 
develop primarily as cities expand rather than as a direct consequence of aviation services.

Evidence on airport-centric development is not limited to US metropolitan areas. Verburg et al. 
(2004), for example, estimated access to hub airports and noise levels as key drivers of long- term 
land use change in the Netherlands. Zheng et al. (2017) concluded that access to airports can be 
interpreted as one of the key characteristics for the emergence of industrial jobs around city- fringe 
locations in the PRC. On the other hand, Huang and Wei (2014) reported that airport access 
explains the location patterns of foreign direct investment (FDI) in Wuhan only marginally. 
Murakami and Chang (2018) showed that both the supply of and demand for commercial land use 
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(office, retail, and hotel properties) tend to be high near an inner-city domestic airport with 
high- speed rail and metro lines (such as the Shanghai Hongqiao Integrated Transport Hub), but not 
near an extraurban international airport (such as Shanghai Pudong International Airport) in the 
context of Shanghai’s rapid suburbanization from 2004 to 2016 (Figure 2.1).

2.5 Hedonic Price Studies—Evidence for Externalities from Airports

Since the 1970s, numerous hedonic pricing studies have been conducted to examine the spatial 
impact of airport noise on residential communities. For example, Nelson (1979) reported on the 
negative effects of aircraft noise on housing prices near six major US airports—San Francisco, 
St. Louis, Cleveland, New Orleans, San Diego, and Buffalo. This early work addressed the potential 
problem of controlling for the appreciation effect of access when measuring the net depreciation 
impact of noise. Tomkins et al. (1998) suggested that the positive impacts of improved accessibility 
and employment opportunities around Manchester Airport may be valued more highly by local 
communities than the negative externalities of proximity to the airport, such as noise pollution 
and traffic congestion. Nelson (2004) conducted a meta-analysis to test the negative impact of 
airport noise pollution on residential property values by considering 33 hedonic price estimates 
of noise discount for 23 airports in the US and Canada over the past few decades. The results of 
this meta- analysis indicated that a given residential property with a noise exposure of 55 decibels 
(dB) would sell for about 10% to 12% less if located near a 75 dB airport. In addition, the same 
meta- analysis indicated that the discount for noise appears to be higher in Canada than in the US, 
likely due to differences in regulatory requirements and other socioeconomic conditions. 

Figure 2.1: Spatial Distribution of Commercial Land Use Rights in Shanghai
(a) Total Gross Floor Area Permitted (b) Transaction Price per Site Area

GFA = gross floor area, m2 = square meter. 
Note: This map was produced by Murakami and Zhang (2018). The boundaries, colors, denominations, and any other information 
shown on this map do not imply, on the part of the Asian Development Bank, any judgment on the legal status of any territory, or any 
other endorsement or acceptance of such boundaries, colors, denominations, or information.
Source: Murakami and Chang (2018).
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Some unique case studies assess the spatial impact of the airport system development on 
surrounding properties. McMillen (2004) estimated that residential property prices in the densely 
populated area around Chicago’s O’Hare International Airport could increase by nearly $300 million 
if a new runway is built. This estimate suggests that some advances in aircraft technology and airport 
design are likely to lead to greater opportunities for land rezoning and real estate development. 
Thanos, Wardman, and Bristow. (2011) examined how the relocation of Athens Airport from 
Hellenikon (population 150,000) to Eleftherios Venizelos (population 53,000) affects two 
residential values—willingness to pay (WTP) and willingness to accept (WTA)—for significant 
changes in aircraft noise exposure using stated preference (SP) data sets. Ahlfeldt and Maennig 
(2013) measured the impact of two city airports (Tegel and Tempelhof) and one suburban airport 
(Schönefeld) on commercial property values in Berlin. The results of this spatial analysis suggest 
that the operation of city airports is undesirable for densely developed commercial areas due to the 
significant noise costs and insignificant accessibility benefits. 

2.6 Ground Transportation and Airport Access by Public Transportation

Ground transportation is considered one of the critical elements for competitiveness and 
sustainability of airport-related developments or, more specifically, “airport-linked” commercial real 
estate developments. Kasarda and Appold (2014) reiterated the importance of reducing first- and 
last-mile travel costs and improving the efficiency of the logistics industry by integrating the airport 
city/aerotropolis model into ground transportation planning. In fact, several studies are being 
conducted to understand the integration of ground transportation infrastructure and services with 
airport system development from different perspectives.

A group of studies in Europe addresses the intermodal integration of air and ground transportation 
systems at the national or regional level. Stubbs and Jegede (1998) discuss the need for nationwide 
coordination to reap the benefits of air and rail integration, given the increasing congestion on 
roads around airports due to very piecemeal planning in the context of mainland Britain. Givoni 
and Banister (2006) argue that high-speed rail (HSR) and other intercity rail systems should be 
projected as part of airport system development to achieve both passenger and environmental 
benefits by examining the case of Heathrow International Airport in the context of United Kingdom 
(UK) transportation policy. Givoni and Banister (2007) also suggest that the development of 
HSR networks in conjunction with the airline industry could provide better passenger service for 
medium distance (800 km) as a positive alternative and make better use of available airport capacity 
by examining intermodal substitution in detail in the context of European transportation markets. 
Thomson (1995) suggests that HSR-airport interchanges, in combination with motorway networks 
and state-of-the-art telecommunication facilities, can create new employment clusters and 
generate economic gains by facilitating commercial trade and exchange by presenting the example 
of the Lyon Satolas International Airport/High-Speed Rail Hub in France. On the other hand, Givoni 
and Chen (2017) claim that the institutional division between air and ground transportation systems 
limits the potential development benefits of intermodal integration imported to the PRC from 
the US and Europe by describing the “disintegrated” status of the Shanghai Hongqiao Integrated 
Transport Hub.
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A larger body of studies address intra-metropolitan arrangements for ground access infrastructure 
and services to airports. In practice, first- and last-mile of ground transportation between airport 
terminals and cities are sometimes more burdensome for travelers in terms of out-of-pocket 
expenses, travel time, and baggage handling than air transportation between airports, especially 
“short-haul” and “medium-haul” services. In particular, the spatiotemporal coordination of ground 
access to airports by public transportation (rail, bus, shuttle, and taxi services) for both airline 
passengers and airport employees can be discussed from various policy perspectives in different 
market conditions and development contexts around the world (Coogan 2008; Gosling 1997; 
Murakami, Matsui, and Kato 2016; Vespermann and Wald 2011). 

A series of case studies from the UK and Australia discuss the role of ground access to airports by 
public transportation from an environmental perspective. Humphreys et al. (2005) illustrated how 
UK airports have developed policy goals for ground transportation in response to growing public 
concern about traffic congestion and environmental degradation. Humphreys and Ison (2005) also 
reported that the UK government has initiated airport ground access programs, including public 
transportation, to address the heavy reliance of airport employees on private cars for commuting 
to work. Budd et al. (2011a, 2011b) note the importance of reducing “kiss-and-fly” travel by 
airline passengers in private cars to achieve environmental benefits, while commercial pressures to 
maximize the non-aeronautical revenues from airport parking are increasing in the context of airport 
privatization in the UK. In contrast to UK airports, Ison, Merkert, and Mulley (2014) noted that 
while major (federally privatized) airports in Australia have experienced growth in both aeronautical 
and non-aeronautical activities, their ground access strategies do not include environmental policy 
goals or educational activities that should aim to reduce traffic congestion and shrink their carbon 
footprint. Drawing on the experience of London’s six business traveler airports, Budd et al. (2016) 
listed a number of policy initiatives that could promote the supply and use of public transportation 
to meet environmental targets.

Of the public transportation options, the construction of airport rail links has gained political 
popularity worldwide. However, such megaprojects are controversial from a financial perspective, 
especially in metropolitan areas in the US. It is unlikely that the environmental benefits will 
guarantee a sufficient return on the billions of dollars invested in airport rail links. Notably, urban rail 
projects worldwide tend to raise the issue of cost overruns and demand shortfalls in favor of global 
competitiveness and environmental sustainability (Dimitriou 2006; Dimitriou and Trueb 2005; 
Flyvbjerg 2007). This evaluation bias may be worse for airport rail link projects, which typically 
require higher costs but reach fewer intercity passengers than general urban rail systems planned 
for daily intracity commuters (de Neufville 2006; Guerra and Cervero 2011). However, in Asian 
hub cities with sufficient urban density, such as Singapore and Hong Kong, China, airport rail link 
projects may be justified for economic efficiency and competitiveness (Phang 2003; Cervero 
and Murakami 2009). Murakami et al. (2016) noted that greater investment in airport rail link 
infrastructure and dedicated express services may be justified by the broader economic benefits 
derived from airport-connected accessibility premiums and agglomeration economies in city centers 
by examining the relationship between airport rail links and economic productivity in 82 cities with 
the world’s 100 busiest airports in 10 regions. Despite the potential economic importance of airport 
rail links, knowledge and evidence on the intra-metropolitan influences of ground transportation 
infrastructure and services (as part of airport system development) on employment location and 
business productivity are still limited globally. Rothfeld et al. (2019) recently used Google Maps 
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to visualize the spatial configuration of airport arrival and departure times in six major European 
metropolitan areas. Similarly, Liu (2019) geospatially measures the distribution of airport access 
times by public transportation and private car in selected cities in the PRC. Furthermore, Murakami 
and Kato (2020) describe the intra-metropolitan distribution patterns of airport accessibility, 
employment density, and labor productivity using municipality-level data sets from the Tokyo 
metropolitan region. The cross-sectional analyses suggest that labor productivity tends to be high in 
municipalities with high accessibility to the inner-city airport and a high degree of firm co-location 
for urbanization economies, although their causal relationships are still debatable. 
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Chapter 3

Airport System Development 
in Megacities: A Global Comparison 
and Classification

3.1 Introduction

Both policy makers and academic researchers worldwide have paid much attention to the emergence 
and growth of megacities in terms of sustainable development over the decades (ADB 1997; 
Gottmann 1957; Gurjar et al. 2008; Hall 1999; Lang and Knox 2009; Li et al. 2018; Mage et al. 1996; 
WHO 1992). Traditionally, successive expansions of cities have been explained by changes in the 
accessibility around extraurban locations. Billion-dollar investments in urban transportation systems 
(e.g., railways and roads) have been viewed as critical drivers of greater metropolitan formation, or 
“centrifugal force,” pushing out human settlements along an inward– outward development pathway 
(Cervero 1998; Duranton and Turner 2012; Hanson and Giuliano 2004; Lang and LeFurgy 2003; 
Pojani and Stead 2015; Reilly, O’Mara, and Seto 2009). 

On the other hand, both city leaders and urban theorists have increasingly addressed the economic 
importance of intercity transportation (e.g., high-speed rail and airport) and telecommunication 
networking as a “centripetal force” of urban agglomeration in the era of globalization (Bulu 2011; 
Hall and Pain 2006; OECD 2006; Rondinelli, Johnson Jr, and Kasarda 1998; Sassen 2018; 
Taylor and Derudder 2015; Yeo, Wang, and Chou 2013). General households continue to manage 
daily social activities within larger metropolitan areas in the traditional sense of “the space of 
places.” Competitive firms appear to form clusters of economic activity in cities with world-class 
infrastructure (including airports and rail transit links) as global nodes of supply chain networks and 
information flows. Thus, to promote competitiveness and sustainability, it is increasingly necessary 
to study the geospatial progress of megacities (as economic entities) with nodal functions in the 
dynamics of global, regional, and national production systems based on the logic of the “space of 
flows” (Castells 1996; 2015; Doel and Hubbard 2002). Nevertheless, little attention has been paid 
to the geospatial associations of airport system development and the emergence and growth of 
megacities worldwide. 

3.2 Megacities

A megacity is generally defined as an urbanized area with a total population of more than 
10 million. This study first sought to identify both existing and emerging megacities worldwide 
based on the 2018 Revision of World Urbanization Prospects (UN 2018WUP) published by the 
United Nations (UN) Department of Economic and Social Affairs (UN DESA 2018). According to 
the estimates of UN 2018WUP, 34 “urban agglomerations” with more than 10 million inhabitants 
are observed by 2020, and 12 more urban agglomerations are expected to become megacities 
by 2035. However, the territorial definition of an urban agglomeration varies from country to 
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country, making global comparison difficult. In particular, several of the large urban agglomerations 
(e.g., Greater Los Angeles and Pearl River Delta) have gradually evolved into larger metropolitan 
areas by combining multiple cities and towns in a polycentric pathway across the territorial 
boundaries of urban agglomerations indicated in the UN 2018WUP statistics.

To overcome the problem of international differences in the territorial definition of an urban 
agglomeration, this study geospatially associates the UN 2018WUP estimates with the figures 
reported by the European Commission in the Urban Centre Database UCDB R2019A 
(EU2015UrbanCentres) (European Commission 2018). The territorial coverage of an “urban center” 
reported by EU2015UrbanCentres is broader based on the degree and pattern of urbanization 
(e.g., urban density and contiguity) than that of an urban agglomeration, which is based on the 
size of the urban population estimated for statistical units (or administrative areas). Indeed, the 
EU2015UrbanCentres database is beneficial in capturing the polycentric formation of megacities and 
the emergence and growth of multiple urban agglomerations, while the UN 2018WUP estimate is 
suitable for capturing the dynamics of urban population over the last 7 decades (1950–2020) and the 
next 15 years (2020–2035). 

This study finally identifies 45 megacities (“urban centers”), of which 14 megacities contain more 
than one urban agglomeration, based on geospatial data association. In particular, the Guangzhou 
Urban Center combines two large urban agglomerations (Guangzhou and Shenzhen) and three 
other neighboring urban agglomerations (Dongguan, Foshan, and Jiangmen) into one megacity with 
a total population of 42 million in 2020 (Figure 3.1). Note that very large urban centers without any 
large urban agglomeration (less than 10 million population in 2035) are not considered megacities in 
this study to highlight the ambiguity of the emerging megacity formation accompanied by the spatial 
influences of the airport system development. 

The distribution of the 45 megacities appears to be uneven across global regions (Figure 3.2). 
Importantly, 30 of the 45 megacities are concentrated in Asia (66.6%), followed by six in Central 
and South America (13.3%) and four in Africa (8.8%). Only three megacities are located in Europe 
(6.6%) and two in North America (4.4%). Of the 30 megacities in Asia, nine are growing in the 
PRC (30.0%), five in Southeast Asia (16.7%), four in (other) South Asia (13.3%), three in East 
Asia (10.0%), and one in West Asia (3.3%). The emergence of megacities has gradually increased 
over the past 7 decades (Figure 3.3). By 1950, there were only three megacities—i.e., New York, 
Osaka, and Tokyo. However, new megacities (i.e., Los Angeles, Mexico City, Sao Paulo, and Seoul) 
appeared from 1970 to 1980, followed by Buenos Aires and Jakarta from 1980 to 1990. The 
number of megacities has increased dramatically since the 1990–2000 period. In fact, 25 of the 45 
megacities (55.5%) emerged during the 1990– 2020 period, largely due to the rapid urbanization of 
17 fast-growing cities (national or provincial capitals) in Asia, including Bangkok, Beijing, Bengaluru, 
Guangzhou (Pearl River Delta), Ho Chi Minh City, Istanbul, Manila, and Shanghai. Only 21 of the 
45 megacities (46.6%) have capital status in their nations, so megacities do not necessarily grow out 
of cities with capital status. Nine more megacities are predicted to emerge during the 2020–2035 
period, which will continue to be driven by emerging and growing Asian cities such as Chengdu, 
Kuala Lumpur, Nanjing, Wuhan, and Xi’an.
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Figure 3.1: Five Urban Agglomerations in Guangzhou Urban Center

Note: This map was produced by the Authors, with data from European Commission (2018) and UN Department of Economic and 
Social Affairs (2018). The boundaries, colors, denominations, and any other information shown on this map do not imply, on the 
part of ADB, any judgment on the legal status of any territory, or any other endorsement or acceptance of such boundaries, colors, 
denominations, or information.
Sources: Authors, with data from European Commission (2018) and UN Department of Economic and Social Affairs (2018).
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Figure 3.2: Distribution of 45 Megacities across Global Regions

Note: This map was produced by the Authors, with data from European Commission (2018). The boundaries, colors, denominations, 
and any other information shown on this map do not imply, on the part of ADB, any judgment on the legal status of any territory, or any 
other endorsement or acceptance of such boundaries, colors, denominations, or information.
Source: Authors, with data from European Commission (2018).
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The extent and pace of megacity growth also appear to vary by region or country (Figure 3.4). 
The population size of three megacities in East Asia is particularly large, ranging from 19.2 million 
to 37.4 million residents in 2020, but two megacities in Japan—Tokyo and Osaka—are projected to 
experience gradual population declines (–3.7% and –4.3%, respectively) between 2020 and 2035. 
In contrast, the size of four megacities in Africa is still rather modest in 2020, but is projected to 
grow rapidly from 2020 to 2035 (+36.4% to +99.7%). In the PRC, there are some megacities with 
exceptionally large populations of about 20 million to 40 million (e.g., Guangzhou and Shanghai) 
that are expected to grow by +21.9% to +27.1% by 2035. Certainly, the scale and pace of growth 
of megacities in South Asia and Southeast Asia are relatively large and/or rapid compared with 
traditional capital megacities in Europe (e.g., Paris, London, and Moscow). However, megacities 
such as Istanbul in West Asia show mixed trends (large scale but moderate growth) between Asia 
and Europe. The population size of eight megacities in North America, Central America, and 
South America is as large as that of some megacities in Asia. Nevertheless, the growth of the eight 
megacities in America is likely to be moderate from 2020 to 2035 (+10.0% to +21.0%). 

The emergence and growth of megacities are likely to distribute increasing numbers of inhabitants 
not only along a horizontal expansion but also along a vertical development (Figure 3.5). Indeed, 
both urbanized area and population density increased significantly in many megacities between 
1990 and 2015, as shown by the trend line drawn for 45 megacities in Figure 3.5(a) shifting upward 
to the right over the period. However, the percentage increase in population density over the same 
period was generally much greater than the percentage increase in urbanized area, regardless 
of the population size of the megacities, as shown in Figure 3.5(b). The ratio of the percentage 
change in population density to the percentage change in urbanized area averages 3.98 across 
the 45 megacities and is high in many megacities in the PRC, as well as in some megacities with 
geographic constraints on horizontal expansion (e.g., Bogota and Chongqing). It is important to note 
that the percentage increases in both urbanized area (horizontal expansion) and population density 
(vertical development) were remarkably high in Guangzhou on the Pearl River Delta, where the 
total population grew to about 38.9 million in 2015 (+64.9% horizontally and +301.8% vertically). 

Figure 3.3: The Emergence of Megacities by Region, 1950–2035

Sources: Authors, with data from European Commission (2018) and UN Department of Economic and Social Affairs (2018).
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Figure 3.4: Scale and Pace of Megacity Growth by Region/Country, 1950–2035

Figure 3.5: Changes in Urbanized Area and Population Density across 45 Megacities, 
1990–2015

PRC = People’s Republic of China.
Sources: Authors, with data from European Commission (2018) and UN Department of Economic and Social Affairs (2018).

km2 = square kilometer.
Note: The size of a bubble indicates the population of each megacity in 1990 (blue) and 2015 (red).
Sources: Authors, with data from European Commission (2018) and UN Department of Economic and Social Affairs (2018).
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On the other hand, the ratio was less than 1 in New York (0.45), Seoul (0.45), Bangkok (0.90), 
and Osaka (0.98), and less than 1 in Los Angeles (1.05), Tehran (1.10), Dhaka (1.23), and 
Dar es Salaam (1.44), which may indicate rapid suburbanization or metropolitan sprawl during the 
1990–2015 period. This study assumes that different development strategies for airport systems 
are spatiotemporally associated with the vertical and horizontal distribution patterns of urban 
residents in megacities. 

3.3 New Airport Construction, Relocation, and Multi-Airport Formation

In this study, information on the locations and year of completion of the airport system for each 
of the 45 megacities was collected from various sources (e.g., ACI Annual World Airport Traffic 
Dataset, official websites of individual airport agencies, airport-technology.com, CAPA Centre for 
Aviation, and iFly.com, supplemented by Wikipedia). There is neither an internationally integrated 
nor a formally established global database on airport investment attributes (e.g., new airport 
construction, relocation, and multi-airport formation) with particular interest in the spatial 
influences of airport system development on megacities. The information collected on airport 
system development was geocoded using an online satellite imagery technique and spatiotemporally 
associated with data on 45 megacities identified in the previous section. This data work looks only at 
commercial airports (those operating regular scheduled flight services), excluding general airports, 
heliports, and military airports (air bases). 

This study identifies 82 airports serving the 45 existing and emerging megacities worldwide from 
1990 to 2021. Of the 82 airports, 22 opened or became operational in the last 3 decades (26.8%), 
including 7 between 1990 and 1999 (8.5%), 10 between 2000 and 2010 (12.2%), and 5 between 
2011 to 2021 (6.1%). In the 3 decades, only two major inner-city airports (Wuhan Nanhu Airport 
in 1995 and Beijing Nanyuan Airport in 2019) were permanently closed and relocated to newly 
constructed outer-city airports (Wuhan Tianhe International Airport in 1995 and Beijing Daxing 
International Airport in 2019). Notably, 21 of the 22 new or newly operating airports were developed 
for megacities in Asia, including Istanbul in West Asia, and 8 of them appear to work for those in the 
PRC (36.4%). Surprisingly, only one new airport was built to serve Moscow in Europe (4.5%). 

Of the 45 megacities, 20 deployed multi-airport formations with more than one airport in 2021 
(44.4%). London and Los Angeles have six and five airports, respectively, followed by one megacity 
with four airports (Moscow) and six megacities with three airports (Guangzhou, Istanbul, New York, 
Osaka, Paris, and Rio de Janeiro). Of the 30 megacities in Asia, 12 operate multi-airport formations 
with more than one airport (40%). However, none of Africa’s four existing and emerging megacities 
will develop more than one airport by 2021. Moreover, 12 of the 20 megacities with multiple 
airports have a national capital status (60.0%). These figures imply that the probability of developing 
multi-airport systems in megacities may depend on the funding power of nations or regions and 
the degree and pattern of urbanization in megacities. Indeed, “population size” alone does not 
numerically explain the likelihood of multi-airport formation in the 45 megacities, while both 
“urbanized area” and “population density” do (Figure 3.6). Territorially large and dense megacities 
(with an urbanized area of more than 1,000 square kilometers [km2] and population density of 
less than 12,000 inhabitants per km2) are most likely to have more than one airport, and all five 
megacities with an urbanized area of more than 5,000 km2 have multi-airports. 

http://airport-technology.com
http://iFly.com
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This study further examines the sequential association of airport system development with the 
emergence and growth of megacities over the 1950–2021 period by illustrating the distributions 
of the leading and/or lagging years for the construction of new airports and the formation of 
multi-airports with mean, standard deviation, skewness, and kurtosis (Figure 3.7). Apparently, 
the distribution patterns in both Figure 3.7(a) and Figure 3.7(b) are largely skewed toward the 
leading side. Of the 82 airports, 71 opened before the emerging megacities reached a total 
population of over 10 million inhabitants (86.6%). Nine of the 11 airports that were newly built after 
the emergence and growth of megacities (81.8%) are located near seven megacities in Asia— Tokyo 
(Haneda in 1953 and Narita in 1978), Osaka (Kansai in 1994 and Kobe in 2006), Seoul (Incheon 
in 2001), Beijing (Daxing in 2019), Shanghai (Pudong in 1999), Guangzhou (Bai Yun in 2004), 
and Istanbul (New Istanbul in 2019). These nine airports were developed to build a multi- airport 
formation for the seven Asian megacities. Nonetheless, 14 of the 20 megacities with more than 

Figure 3.6: Multi-Airport Formation in the Relationship between Urbanized Area 
and Population Density in 45 Megacities in 2015

km2 = square kilometer.
Notes: The size of a bubble indicates the number of airports developed in each megacity by 2015; yellow bubbles indicate megacities 
with more than one airport and red outlines indicate megacities with a national capital status. 
Sources: Authors, with data from European Commission (2018) and UN Department of Economic and Social Affairs (2018).
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one airport are leading this year, which means that the development and management of multiple 
airports will be applied before they reach a total population of more than 10 million. In fact, 
the number of megacities with more than one airport has gradually increased since the 1970s. 
However, the rapid increase in multi-airport formation over the 1990–2020 period was led primarily 
by 11 emerging and growing megacities in Asia (Figure 3.8).

Figure 3.7: Year Lead/Lag Distributions of Airport System Development 
to/ from the Emergence of Megacities, 1950–2021

Figure 3.8: Cumulative Number of Megacities with Multi-Airport Formation by Region, 
1950–2020

Std = standard.
Source: Authors.

Source: Authors.
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The spatial influences of airport system development can be assessed by comparing the percentage 
changes in urbanized area and population density in the 45 megacities: (i) without the construction 
of any new airport, (ii) with a new airport, and (iii) with multi-airport formation from 1990 to 2015 
(Figure 3.9). On average, megacities with a new airport (+63.9%) experienced a 21.6% increase 
in urbanized areas compared with cities without new airport construction (+42.3%). Megacities 
with multi-airports (+50.0%) experienced a 7.7% increase in urbanized area compared with cities 
without new airport construction. Similarly, megacities with a new airport (+163.1%) recorded a 
60.3% increase in population density compared with cities without any new airport construction 
(+102.8%). On the other hand, population density in megacities with multi-airports (+147.5%) 
increased by 44.7% compared with cities without new airport construction. 

To see these changes in detail, multivariate regression analysis must be applied by controlling for 
the spatial effects of many other factors in explaining urbanized area and population density to 
measure the net impact of airport system development. Nonetheless, these simple comparisons 
with and without suggest that airport system development is likely to have both suburbanization 
and densification effects on megacities. The descriptive statistics also suggest that both the 
suburbanization and densification effects of building new airports may be more significant for 
megacities than those of forming multi-airports.

Figure 3.9: Comparison of Percentage Changes in Urbanized Area and Population Density 
in 45 Megacities with/without Airport System Development, 1990–2015

Sources: Authors, with data from European Commission (2018) and UN Department of Economic and Social Affairs (2018).
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3.4 Airport Terminal Expansion

In this study, information on the years of completion of airport terminal expansion, such as 
new terminal construction projects and modernization programs, for the 82 airports around the 
45 megacities was compiled from various sources (e.g., ACI Annual World Airport Traffic Dataset, 
official websites of individual airport agencies, airport-technology.com, CAPA Centre for Aviation, 
and iFly.com, supplemented by Wikipedia). This study focuses on airport “terminal” expansion 
instead of “capacity” expansion for two reasons. First, it is difficult to collect globally consistent, 
comprehensive, and accurate information on airport capacity expansion projects, including runway 
extensions and taxiway improvements. Second, terminal expansion projects are in many cases 
delivered along with other capacity expansion projects. 

According to the data collected, 67 of the 82 airports in the 45 megacities had some type of 
terminal expansion from 1990 to 2021 (81.7%). Of the 67 airports, 37 have sequentially delivered 
multiple terminal expansion projects over the past 3 decades (55.2%). The sequential distribution 
of the 67 airports with terminal expansion projects over the period is 18 during the 1990s (26.9%), 
45 from 2000 to 2010 (67.2%), and 53 from 2011 to 2021 (79.1%). The distribution of terminal 
expansion projects appears to be not only more sequential but also more ubiquitous than that 
of new airport construction projects in global regions. All 12 and 4 airports in Europe and Africa, 
respectively (100%), 7 of the 8 airports in North America (87.5%), and 9 of the 10 airports in Central 
and South America (90.0%) completed at least one terminal expansion project from 1990 to 2021, 
while there had been no new airport construction in these regions during this period. In contrast, 
only 17 of the 44 airports in Asia completed more than one terminal expansion project in sequence 
during the 1990–2021 period (36.9%), as 21 of the 22 newly built or commercialized megacity 
airports began operations in Asia during the same period.

It is assumed that airport terminal expansion is highly dependent on the availability of land for 
expansion in inner-city and outer-city locations, which can be measured by the straight-line 
distance from the nearest city center to an airport with/without terminal expansion. In fact, the 
average distance from the nearest city center to an airport without terminal expansion (26.1 km) 
appears to be 0.9 km longer than to an airport with expansion for one period (24.2 km), but 4.9 km 
shorter than to an airport with expansion in sequence (31.0 km), respectively, although the 
distance range is wide, especially within a group of airports with terminal expansion in sequence 
(Figure 3.10).

http://airport-technology.com
http://iFly.com
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3.5 Airport Location and Access Rail Link

The locational distribution of airports within and around megacities is a critical determinant of 
airport accessibility and, in turn, the spatial influences of airport system development and ground 
transportation investment in theory. Twenty-eight of the 82 airports are located outside the 
urbanized areas of 22 megacities (34.1%), and 21 of the 28 outer-city airports operate as part of 
the multi-airport formation. Noticeably, London, Paris, Moscow, and Beijing have more than one 
outer- city airport beyond urban boundaries, and Osaka places two offshore airports on artificial 
islands. On average, the year of construction (or age) of 28 airports outside urbanized areas (1985) 
is about 25 years younger than that of 54 airports within urbanized areas (1960) (Figure 3.11). 
The average network distance from the nearest city center for the 82 airports in and around the 
45 megacities is about 27.5 km and ranges from 1.9 km to 101.4 km (Figure 3.12). 

This study also collected information on ground transportation attributes (e.g., airport rail link 
availability, type of rail system, and year of completion) for each of the airports in and around 
the 45 megacities from various sources (e.g., official websites of each airport and public transit 
agencies, Google Map and Earth Pro, and UrbanRail.Net, supplemented by Wikipedia). Note that 
the typical travel times for two major modes (private car and public transit) were originally compiled 
but not used for this data analysis for two reasons: (i) travel time information is inconsistent across 
countries, and (ii) travel restrictions during the COVID-19 pandemic most likely influence travel 
times across the 45 megacities. 

Figure 3.10: Comparison of Straight Distances from the Nearest City Centers  
to Airports without Terminal Expansion, with Terminal Expansion for One Period,  

and with Terminal Expansion in Sequence, 1990–2021

km = kilometer.
Sources: Authors, with data from European Commission (2018) and UN Department of Economic and Social Affairs (2018).
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Figure 3.11: Comparison of the Built or Commercialized Years of Airports 
within and beyond Urbanized Areas

Figure 3.12: Locational Distribution of 82 Airports in 45 Megacities

Sources: Authors, with data from European Commission (2018) and UN Department of Economic and Social Affairs (2018).

Std = standard.
Source: Authors.
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Forty-six of the 82 airports have at least one airport rail link by 2021 (56.1%), and 19 of the 
46 airports provide airport express rail service (or dedicated rail access) to/from the nearest city 
centers (41.3%). There are 58 airport rail link systems (developed through 62 projects) serving the 
46 airports, consisting of 27 metro and heavy rail (46.6%), 17 commuter rail (29.3%), 5 light rail 
and monorail (8.6%), 5 bus rapid transit guideways (8.6%), 2 high-speed rail (3.4%), and 2 maglev 
(3.4%). The average distance from one airport to the closest city center appears to vary by type of rail 
system: 33.3 km without airport rail link; 48.3 km with airport express; 29.4 km with metro; 40.9 km 
with heavy rail; 36.1 km with commuter rail; 15.9 km with light rail and monorail; 28.8 km with bus 
rapid transit; 22.3 km with high-speed rail; and 47.9 km with maglev (Figure 3.13). The distribution 
of several airport rail link systems also appears to be uneven across the global regions (Figure 3.14). 
In particular, 37 of the 58 airport rail link systems are concentrated in Asia (63.8%), where metros, 
heavy rail, and commuter rail systems (83.8%) predominate. Similarly, 10 of the 12 airports in three 
megacities (London, Paris, and Moscow) in Europe have airport rail links (83.3%), which are served 
mainly by metros, heavy rail, and commuter rail systems (83.8%). In contrast, two of the three airports 
in New York employ a mix of rail systems, and none of the five airports in Los Angeles in North America 
have airport rail links. Four of the 10 airports use bus rapid transit systems for six megacities in Central 
and South America (40.0%), while all four airports have not yet developed airport rail link systems for 
four megacities in Africa (0.0%).

Figure 3.13: Comparison of Straight-Line Distances from Nearest Centers to Airports 
by Type of Rail System

km = kilometer.
Source: Authors.
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The construction of airport rail links is a relatively new development practice in megacities 
worldwide, with 57 of the 62 airport rail link projects completed between 1990 and 2021 
(91.9%), including 10 between 1990 and 1999 (16.1%), 20 between 2000 and 2010 (32.3%), 
and 27 between 2011 and 2021 (43.5%). The five airport rail links built before the 1990s are in 
two megacities: three projects for Gatwick Airport (1958) and Heathrow International Airport 
(1977 and 1986) in London; and two projects for Haneda Airport (1964) and Narita International 
Airport (1972) in Tokyo. Only four of the 62 airport rail links were opened along with new airports: 
Kansai International Airport (1994) and Kobe Airport (2006) in Osaka; Daxing International 
Airport (2019) in Beijing; and Tianfu International Airport (2021) in Chengdu. All other airport rail 
links were built after the completion of their new airports, as shown in Figure 3.15(a). However, 
the temporal distribution of airport rail link projects turns out to be a normal pattern with two tails 
(both lead years and lag years) before and after the emergence of the megacities, as shown in 
Figure 3.15(b). This may suggest that the construction of airport rail links, which was intensively 
delivered during the 1990–2021 period, may be spatiotemporally associated with the birth and 
growth of megacities during the 1950–2035 period.

Nonetheless, the influences of airport rail link investment on population density during the 
1990– 2015 period were more elusive than the influences of new airport construction and 
multi- airport formation. Instead, airport rail link projects were likely to mitigate the degree and pace 
of suburbanization or metropolitan sprawl, while the construction of new airports and the formation 
of multi-airports tended to expand the urbanized areas of megacities over the same period 
(Figure 3.16). It can also be presumed that municipalities within and around megacities with airport 
rail link projects newly adopted anti-sprawl land use measures around their airports and/or along 

Figure 3.14: Distribution of 58 Airport Rail Link Systems by Region

Source: Authors.
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their airport access corridors. Yet, the net spatial effects of new airport construction, the formation 
of multi-airports, and airport rail link investment (along with supportive land use measures) on 
suburbanization or metropolitan sprawl cannot be concluded from this simple data description. 

Figure 3.15: Year Lead/Lag Distributions of Airport Rail Link Projects, 1950–2021

Figure 3.16: Comparison of Percentage Change in Urbanized Area across 45 Megacities 
with and without Airport Rail Link Investment, 1990–2015

Max = maximum, Min = minimum, Std = standard.
Source: Authors.

Sources: Authors, with data from European Commission (2018) and UN Department of Economic and Social Affairs (2018).
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3.6 Air Traffic Flows, Classification, and Economic Production

This study illustrates the geospatial distribution pattern of air traffic flows to and from 45 megacities 
using International Civil Aviation Organization (ICAO) Traffic Flow Global Data, including the 
number of aircraft movements (frequency) for both departures and arrivals in each city and 
between cities, as well as the typical flight routes (distances) between cities, which appear to vary by 
location or country (Figure 3.17). On average, one megacity managed 369,418 aircraft movements 
(for both departures and arrivals) by connecting about 72 cities internationally and domestically in 
2018, with a total flight length of 422,807 km (Table 3.1). 

Among the 45 megacities, New York can be considered the busiest air transportation node, handling 
about 1.24 million movements to and from 140 cities in 2018, followed by London (1.13 million; 
212 cities), Los Angeles (0.88 million;158 cities), Guangzhou (0.79 million; 179 cities), and 
Shanghai (0.73 million; 120 cities). On the other hand, Kinshasa is the least busy node with only 
9,602 aircraft movements to and from 17 cities in 2018, followed by Lagos (10,472; 6 cities), 
Karachi (30,215; 20 cities), and Lahore (48,046; 22 cities). These figures show that some of the 

Figure 3.17: Air Transportation Movements (Frequencies) to/from 45 Megacities, 2018

Note: This map was produced by the Authors, with data from ICAO, European Commission (2018), and UN Department of Economic 
and Social Affairs (2018). The boundaries, colors, denominations, and any other information shown on this map do not imply, on the 
part of ADB, any judgment on the legal status of any territory, or any other endorsement or acceptance of such boundaries, colors, 
denominations, or information.
Sources: Authors, with data from ICAO (2018), European Commission (2018), and UN Department of Economic and Social Affairs (2018).
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megacities with more than 10 million inhabitants in developing countries do not always play (or have 
not yet played) a nodal role in global production networks. The share of international traffic flows 
(or international ratios in Table 3.1) also proved to vary widely across the 45 megacities in terms 
of frequency—annual movements, total length in km, annual movement length in million km, 
and number of cities connected, depending on geographic or regional configuration. Noticeably, 
the share of international traffic flows (frequency) in 2018 tended to be very high for megacities 
with capital status in and around Europe, such as London (90.8%), Cairo (82.4%), and Paris (81.9%), 
while they were relatively low for emerging and growing megacities in the PRC, such as Tianjin 
(4.8%), Chengdu (7.2%), Nanjing (9.2%), Wuhan (9.3%), Chongqing (9.4%), and Xi’an (10.0%). 
On average, from 2011 to 2018, one megacity experienced significant growth in frequency—annual 
movements (+91,693; +24.8%), total length in km (+124,358; +29.4%), annual movement length in 
million km (+187.7; +28.7%), and number of cities connected (+18.1; +25.2%), although there were 
four megacities with some reduction in volume and/or coverage of air traffic flows (Rio de Janeiro, 
Paris, Lagos, and Karachi). 

This study comparatively describes the annual movement length of domestic and international 
air traffic flows normalized by population size (per 1,000 inhabitants) in 45 megacities in 2015, 
which is supposed to indicate the total amount of air transportation services per capita for 
each megacity (Figure 3.18). Of the 45 megacities, London had the largest annual movement 
length in km per 1,000 inhabitants with a high proportion of international flows (260,591 at 
97.5%), well ahead of Paris (131,683 at 94.6%) and Istanbul (69,686 at 84.5%) as comparable 
megacities with hub status in and around Europe. New York, Los Angeles, and Moscow had high 

Table 3.1: Descriptive Statistics of Air Transportation Movements, 2018  
(N = 45 Megacities)

Mean S.D. Minimum Maximum
Year 2018

Frequency – annual movements 369,418 295,743 9,602 1,238,521
Total length km 422,807 377,247 8,885 1,481,438
Annual movement length in km million 655.1 666.4 8.8 2,799.7
No. of cities connected 71.8 52.7 6.0 211.5

International Ratio
Frequency – annual movements (%) 33.4 24.3 0.0 100.0
Total length km (%) 79.5 19.0 0.0 100.0
Annual movement length in km million (%) 56.6 26.6 0.0 100.0
No. of cities connected (%) 55.1 23.0 0.0 100.0

Change 2011–2018
Frequency – annual movements +91,693 +77,884 -45,802 +310,634
Total length km +124,358 +124,356 -13,880 +468,855
Annual movement length in km million +187.7 +163.1 -23.0 +549.8
No. of cities connected +18.1 +16.9 -2.5 +68.5

km = kilometer, S.D. = standard deviation.
Note: “No. of cities connected” is the average of no. of cities connected for departures and arrivals. 
Sources: Authors, with data from ICAO (2018), European Commission (2018), and UN Department of Economic and Social Affairs (2018).
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Figure 3.18: Comparison of Annual Movement Length in Kilometers 
per 1,000 Inhabitants across Megacities, 2015

Sources: Authors, with data from ICAO (2015), European Commission (2018), and UN Department of Economic and Social Affairs (2018).
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annual movement length in km per 1,000 inhabitants with a modest share of international flows 
(140,549 with 49.9%; 118,971 with 38.8%; and 88,022 with 56.7%, respectively) due to their large 
domestic territories and long-distance city pairs to be connected by air transportation networks. 
Similarly, Kuala Lumpur and Bangkok, as regional hubs, exhibited a large annual movement length 
in km per 1,000 inhabitants with a high proportion of international flows (100,784 with 80.9% and 
73,822 with 86.4%, respectively), mainly due to their limited domestic territories/ short- distance 
city pairs and cross-border tourism/trade economy in and around Southeast Asia. In contrast, 
due to their large domestic area and various large city pairs within the PRC, Beijing and Shanghai 
had a large annual movement length in km per 1,000 inhabitants with a modest share of 
international flows (64,719 with 45.5% and 49,382 with 50.7%, respectively). Notably, all 
emerging and growing megacities in South Asia still have relatively small annual movement length 
in km per 1,000 inhabitants with a moderate share of international flows compared with those in 
Southeast Asia and the PRC. 

Furthermore, this study attempts to classify the geospatial assignment patterns of air traffic flows 
within 44 megacities. For this purpose, the ACI Annual World Airport Traffic Dataset is used, which 
records aircraft movements (frequency) and passenger and cargo volumes at each airport for the 
2011–2018 period. Dhaka is excluded from this classification due to the incompleteness and 
inconsistency of air traffic data in the above and other comparable sources. First, a typology is created 
for 25 megacities with single-airport system development based on two criteria: (i) air traffic volumes, 
and (ii) the composition of international and domestic traffic flows. This illustrative analysis identifies 
four types of single-airport megacities, which are summarized in Table 3.2 along with information on 
megacity configuration and airport system development.

 • Type S1: Five megacities with single-airport system development that handle a small 
volume of international and domestic air traffic (4.4 million passengers on average) within 
a relatively short distance from the city center (about 15.3 km) within a limited urban 
boundary (789 km2). This type of development is found in Africa and Pakistan without 
airport rail links, partly due to the relatively slow growth of air traffic (+17.0% for the 
2011– 2018 period).

 • Type S2: Seven megacities controlling a medium volume of international and domestic 
air flows (average 39.1 million passengers) near the city center (about 11.8 km) in a 
relatively large urbanized area (1,583 km2). It is noticeable that most of these megacities 
(except Ho Chi Minh City) have the status of national capital in emerging economies. 
Yet, only two megacities offer airport express rail or bus rapid transit services (e.g., Bogota). 
Growth in air traffic to/from these megacities has been moderate until recent years 
(+36.6% for the 2011–2018 period).

 • Type S3: Seven megacities with single-airport system development that accommodate a 
small to medium volume of predominantly domestic air flows (22.7 million passengers on 
average). Despite very rapid growth in air traffic flows (+279.4%), only one megacity has 
an airport rail link. This is probably because many of the airports are not far from the city 
center (about 15.5 km) and are located in an urbanized area averaging 989 km2 and/or the 
development of urban rail networks to/from the airports is still in progress.
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Table 3.2: A Typology of 25 Single-Airport Megacities Based on the ACI Annual World Airport Traffic Data Set, 2011–2018 
(Selected)

Type S1
Single 

Small Volume
International and Domestic

Type S2
Single 

Medium Volume
International and Domestic

Type S4
Single

Medium Volume
Domestic

Pax volume 4.4 M 39.1 M 36.2 M
International pax (%) 56.5 44.8 8.8
2011–2018 growth (%) +17.0 +36.6 +81.0
Distance (km) 15.3 11.8 28.8
Urbanized area (km2) 789 1,583 767
Population 10.8 million 16.0 million 9.4 million
Airport rail links (no.) 0 2 7
Megacities (no.) 5 7 6
Megacity names (selected) Dar es Salaam

Kinshasa*
Lagos*

Karachi
Lahore

Bogota*
Lima*
Mexico City*

Cairo*
Ho Chi Minh City
Manila*

Chengdu
Chongqing
Nanjing

Tianjin
Wuhan
Xi’an

ACI = Airports Council International, km = kilometer, km2 = square kilometer.
Notes: 
(i) The numbers presented in each column are the average of megacities by type; * = national capital; gray = megacity in Asia.
(ii) These maps were produced by Authors, with data from ACI (2019) and European Commission (2018). The boundaries, colors, denominations, and any other information shown on 
this map do not imply, on the part of the Asian Development Bank, any judgment on the legal status of any territory, or any other endorsement or acceptance of such boundaries, colors, 
denominations, or information.
Sources: Authors, with data from ICAO (2015), European Commission (2018), and UN Department of Economic and Social Affairs (2018).
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 • Type S4: Six megacities that manage a medium volume of predominantly domestic air 
flows (36.7 million passengers on average). Remarkably, all six emerging megacities 
(with nearly 10 million inhabitants) in the PRC belong to this single-airport system type 
with at least one metro line connection for an access or egress travel distance of about 
28.8 km between the city center and the airport location. The location of the airport 
beyond an urbanized area of about 767 km2 is probably advantageous to accommodate 
the rapid growth of air traffic flows (+81.0%) to and from the PRC’s major cities and towns. 
Note that one of these megacities (Chengdu) opened a large secondary airport well outside 
the urban boundary in 2021.

Similarly, another typology is created for 19 megacities with the development of a multi-airport 
system based on seven criteria: (i) air traffic volume, (ii) composition of international and domestic 
traffic flows, (iii) assignment of air traffic volume among two or more airports, (iv) distribution 
of international and domestic flows among multiple airports, (v) assignment of air cargo flows 
among multiple airports, (vi) geospatial configuration of multiple airports, and (vii) monocentric or 
polycentric formation of megacities. In this work, six types of multi-airport megacities are found, 
as shown in Table 3.3.

 • Type M1: Three megacities with a few airports handling a medium volume of international 
and domestic air traffic flows (37.5 million passengers with slow air traffic growth at 
+5.5% from 2011 to 2018) in an urbanized area of about 1,789 km2. All three megacities 
are located in South America, where bus rapid transit or general bus services are widely 
used to provide an access or egress travel distance of about 16.8 km between the city 
center and a few airport locations. Of the two or three airports, the primary airport 
manages not only international and domestic passengers, but also all air cargo flows. 
The secondary and tertiary airports largely share domestic passengers, which account for 
about 28.4% of total passenger volume. 

 • Type M2: Six megacities with some airports that manage the large volume of international 
and domestic air flows (92.6 million passengers on average). All six entries are growing 
megacities with populations of about 16 million from Asia, and five of the six megacities 
(except Shanghai) have a national capital status. Thus, a large primary airport serves as a 
hub of international and national transportation networks for passenger and cargo traffic 
flows around the outer-city location of a highly urbanized area (2,593 km2 on average). 
The secondary airport is dedicated to sharing domestic passengers around the inner-
city location, which accounts for about 24.9% of total passenger volume. Remarkably, 
all six megacities have at least one airport rail link for an average access or egress travel 
distance of 28.6 km, and two of them (Shanghai and Seoul) use a maglev system to travel 
to or from the airport outside the city. Indeed, air traffic growth is sizable: +49.2% for the 
2011– 2018 period.

 • Type M3: Two unique megacities (i.e., Bangkok and Tehran) with national capital status, 
where the primary airport is responsible for handling medium to large passenger volumes 
of about 63.5 million passengers in either international or domestic service, while the 
secondary airport is located elsewhere for lower volumes of opposite or mixed service 
(accounting for 16.7% of total passenger traffic volume). In both megacities, the outlying 
airports cater to international passenger and air cargo services to varying degrees. 
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Table 3.3: A Typology of 19 Multi-Airport Megacities Based on the ACI Annual World Airport Traffic Data Set, 2011–2018

Type M1
Primary+

Medium Volume
International and Domestic

Type M2
Primary+ 

Large Volume
International and Domestic

Type M3
Primary+

Medium to Large Volume
International or Domestic

Pax volume 37.5 million 92.6 million 63.5 million
International pax (%) 30.2 46.3 48.7
2011–2018 growth (%) +5.5 +49.2 +71.5
Airports (no.) 2 to 3 2 2
Primary (%) 61.4 75.1 83.3
Distance (km) 16.8 28.6 28.1
Urbanized area (km2) 1,780 2,593 1,975
Population 16.2 million 17.0 million 12.0 million
Airport rail links (no.) 3 9 4
Megacities (no.) 3 6 2
Megacity names 
(selected)

Buenos Aires
Rio de Janeiro
São Paulo   

Beijing*
Istanbul*
Jakarta*

Kuala Lumpur*
Seoul*
Shanghai

Bangkok*
Tehran*

* = national capital, ACI = Airports Council International, km = kilometer, km2 = square kilometer.
Notes: 
(i) The numbers presented in each column are the average of megacities by type; gray = megacity in Asia.
(ii) These maps were produced by Authors, with data from ACI (2019) and European Commission (2018). The boundaries, colors, denominations, and any other information shown on 
this map do not imply, on the part of the Asian Development Bank, any judgment on the legal status of any territory, or any other endorsement or acceptance of such boundaries, colors, 
denominations, or information.
Sources: Authors, with data from ICAO (2015), European Commission (2018), and UN Department of Economic and Social Affairs (2018).
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Type M4
Primary and Secondary+

Large Volume
International and Domestic

Type M5
Multiple for Monocentric

Large Volume
International

Type M6
Multiple for Polycentric

Large Volume
Domestic

Pax volume 133.5 million 127.8 million 93.3 million
International pax (%) 38.8 75.0 29.1
2011–2018 growth (%) 14.3 17.9 36.9
Airports (no.) 2 to 3 3 to 6 3 to 6
Primary (%) 56.0 52.7 65.4
Distance (km) 32.6 59.0 18.4
Urbanized area (km2) 5,351 1,795 5,138
Population 28.0 million 10.7 million 24.5 million
Airport rail links (no.) 6 10 5
Megacities (no.) 2 3 3
Megacity names 
(selected)

New York
Tokyo*

London*
Moscow*
Paris*

Los Angeles
Guangzhou
Osaka

* = national capital, ACI = Airports Council International, km = kilometer, km2 = square kilometer.
Notes: 
(i) The numbers presented in each column are the average of megacities by type; gray = megacity in Asia.
(ii) These maps were produced by Authors, with data from ACI (2019) and European Commission (2018). The boundaries, colors, denominations, and any other information shown on 
this map do not imply, on the part of the Asian Development Bank, any judgment on the legal status of any territory, or any other endorsement or acceptance of such boundaries, colors, 
denominations, or information.
Sources: Authors, with data from ICAO (2015), European Commission (2018), and UN Department of Economic and Social Affairs (2018).
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On the other hand, the inner-city airports are used for either “international and domestic 
passengers” or “domestic passengers and cargo flow” to varying degrees. With an average 
distance of about 28.1 km to/from the city center, each airport in these two megacities has 
an airport rail link station. The growth of air traffic to/from these two megacities is very fast 
(+71.5%) compared with that of megacities with other types of multi-airport development 
and management (+5.5% to +49.2%).

 • Type M4: Two established megacities (New York and Tokyo), with an average population 
of 28 million, distribute the huge volume of international and domestic air traffic 
(about 133.5 million passengers) between two or three major airports in their own ways. 
Tokyo increasingly assigns both international and domestic passengers to its inner-city 
waterfront airport (56.0%), while its suburban airport (44.0%) continues to manage 
predominantly international passengers and air cargo flows. New York evenly splits the 
huge volume of international and domestic passengers and air cargo flows between the 
primary and secondary airports (accounting for 44.8% and 33.3% of the total passenger 
volume, respectively, while a portion of domestic passenger flows are allocated to the 
tertiary airport near the inner-city location (21.9% of total passengers). Almost all airports 
in these two established megacities are well connected by some types of rail systems, 
including airport express services and monorail links, so that the average access and egress 
travel distance is about 32.6 km on average. Air traffic growth from 2011 to 2018 was 
relatively moderate (+14.3%).

 • Type M5: Three national capital megacities in Europe (London, Moscow, and Paris) with 
an average population of about 10 million cope with the enormous volume of primarily 
international air traffic (accounting for about 75.0% of the 127.8 million passengers) by 
establishing three or more airports on the outskirts of the cities or well outside a relatively 
limited urbanized area of 1,795 km2. In London and Paris, international and domestic 
passenger and air cargo flows are largely concentrated in primary airports (accounting for 
45.1% and 66.2% of total passenger volumes, respectively), while in Moscow, international 
and domestic passenger and air cargo flows are more evenly distributed among primary, 
secondary, and tertiary airports (accounting for 46.8%, 30.0%, and 21.9%, respectively). 
Many of these outlying airports are connected by airport express services and/or some 
types of urban rail systems, so that the travel distance to/from the main city center of the 
monocentric metropolitan formation is about 52.7 km. The growth of air traffic in the 
2011–2018 period was relatively moderate (+17.9%).

 • Type M6: Three megacities (Los Angeles, Guangzhou, and Osaka) with an average 
population of about 24.5 million handle a large volume of primarily domestic air traffic 
(accounting for about 70.9% of the 93.3 million passengers) with three or more airports 
in an area of 5,138 km2 (which includes some or more major municipalities). Essentially, 
none of the three megacities has a national capital status, but they constitute the second- 
or third-largest urban agglomeration in each country. In the three megacities, both 
international and domestic passenger and air cargo flows are generally handled at the 
primary airports in outer-city or bayfront locations (which account for about 65.4% of total 
passenger traffic on average). On the other hand, some or several major municipalities in 
the same urbanized areas divide domestic passenger flows among secondary, tertiary, or 
wider airports. Los Angeles in North America does not yet have airport rail connections, 
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while Guangzhou and Osaka in Asia offer some types of airport rail connections for 
relatively short arrival or departure distances of 18.4 km to/from the nearest city centers of 
polycentric metropolitan areas. The growth of air traffic in the 2011–2018 period tended to 
be substantial (+36.9%).

The geospatial associations of airport system development with megacities appear to vary not 
only by urban development attributes but also by economic development phases. Therefore, it is 
assumed that megacities, together with 10 types of single-airport system and multi-airport system 
development, show the different extents of economic production and growth. Based on this 
assumption, the “gross domestic product (GDP) in 2015” and “change in GDP for the 1990– 2015 
period” are calculated by type and compared with the 10 types, as shown in Figures 3.19(a) 
and 3.19(b). Noticeably, megacities with a multi-airport system tend to have larger GDP in 2015 
and faster GDP growth for the 1990–2015 period than those with a single-airport system. Among 
megacities with a single-airport system, S2-type megacities had greater GDP and faster GDP 
growth than S1-type megacities (in Africa and Pakistan). Similarly, S4-type megacities (in the PRC) 
tended to have higher amounts of both economic production and growth than S3-type megacities. 

Figure 3.19: Comparison of GDP 2015 and Change in GDP from 1990 to 2015  
across the 11 Types of Airport System Development

GDP = gross domestic product.
Source: Authors, with data from European Commission (2018).
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Among megacities with a multi-airport system development, M4-type megacities (New York 
and Tokyo) had the largest GDP in 2015, but also relatively high GDP growth for the 1990–2015 
period, while M1- and M5-type megacities (in South America and Europe) had comparatively lower 
economic production and growth. The M2-, M3-, and M6-type megacities exhibited a range of 
values in both GDP in 2015 and GDP change from 1990 to 2015, suggesting that there are other 
crucial, diverse, and unobservable determinants of economic production and growth in each global 
region, country, and/or megacity. 

3.7 Summary of Key Findings

Finally, this chapter summarizes six key findings extracted from a series of descriptive statistics on 
megacities with airport systems in Asia and the other global regions:

(1) The geospatial characteristics of megacities are of particular importance to emerging and 
developing economies in Asia, as they involve increasing numbers of urban residents and 
not only horizontal expansion but also vertical development in the coming decade or more.

(2) The construction of new airports is popular in emerging megacities in Asia, while the 
expansion of airport terminals has been ongoing in both established and growing megacities 
in North America, Europe, and Asia. On the other hand, airport relocation is limited to a 
few megacities in the PRC.

(3) The formation of multi-airports is relatively new, but is gradually emerging in established 
and growing megacities in Asia. The emergence of multi-airports in megacities may depend 
on the financial capabilities (or political power) of nations or regions, as well as the degree 
and pattern of urbanization in megacities. However, the decentralization and densification 
effects of the formation of multi-airports still remain debatable.

(4) New airports are usually built outside the urbanized areas and connected by different 
airport rail systems, depending on the distance of access or egress to/from the city centers. 
The construction of airport rail links has been intensive in recent decades and can be 
coordinated both proactively and reactively with the emergence and growth of megacities 
in Asia.

(5) Established megacities in North America, Europe, and East Asia have managed large 
volumes of air traffic flows with the development of multi-airport systems in global, 
regional, and national production networks, while emerging megacities in South Asia and 
Africa have not yet played a nodal role with the development of single-airport systems for 
limited air traffic flows. Population size (or megacity size) alone is not a determinant of 
airport system development.

(6) Megacities can be classified on an evolutionary path from single-airport systems to 
multi- airport system development. Nevertheless, the geospatial assignment patterns of air 
traffic flows within megacities with multiple airports have been shown to follow divergent 
development pathways. Megacities with single- and multi-airport system development 
have shown different levels of economic production and growth in Asia and global regions.

It is important to note that these holistic data descriptions are not conclusive, but rather support the 
individual case studies and detailed case surveys that follow. 
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Chapter 4

Impacts from Improvement of Ground Rail 
Accessibility to/from City Airport to Local 
Economies: Case Study of Tokyo, Japan

4.1 Introduction

The number of airline passengers has grown rapidly in the wake of international air transportation 
deregulation and liberalization, such as Open Skies and the emergence of low-cost airlines. 
The number of air passengers in the world in 2017 is about three times that in 1990, while the 
number of airline passengers carried in 2017 is expected to increase from 4.1 billion to about 
10.0 billion by 2040, and the number of departures is expected to increase to about 90 million 
by 2040 (ICAO 2018). 

To manage the increasing and changing demand, airport operators and governments in many 
countries/regions have sought to make multi-billion dollar investments in airport capacity 
development along with ground transportation improvement programs. These investments are 
expected to positively impact regional and/or local economic activity. For example, many empirical 
studies have highlighted the positive impact of international hub airports on regional and/ or local 
economies in the case of the United States (US) and the European Union (EU) (Bel and Fageda 
2008; Button et al. 1999; Button and Lall 1999; Kasarda and Lidsay 2011). Other studies have 
shown a strong correlation or interactive relationship between air passenger flows, quality of 
services/facilities, and economic development (Brueckner 2003; Baker, Merkert, and Kamruzzaman 
2015; Green 2007; Debbage and Delk 2001; Sheard 2014; Hakim and Merkert 2016; Neal 2012; 
Florida, Mellander, and Holgersson 2015; Tittle, McCarthy, and Xiao 2013; Percoco 2010; 
Bilotkach 2015). These studies have generally considered airports as important infrastructure for 
accelerating face-to-face meetings, knowledge spillover, and innovation within cities, which can 
lead to local economic development. Meanwhile, urban planners have also recently expressed 
concerns that the economic potential of their cities could be enhanced by strategically improving 
accessibility to/from airports. National or provincial capital cities with extensive metropolitan 
areas such as Bangkok, Jakarta, Shanghai, Seoul, and Tokyo are likely to enhance the competitive 
advantage of their existing business centers by providing airport express rails. Such investments in 
airport rail links with faster passenger services could be an important tool to consolidate competitive 
advantages around in-city transit terminals, promote aviation-oriented urban regeneration within 
the central business district (CBD), and extensively shape the backbone of urbanization and local 
economic development in the long run (Murakami, Matsui, and Kato 2016). 

However, few studies have looked in depth at the potential impact of improved first-/last-mile 
accessibility to/from airports on local economies, although ground transportation connecting the 
urban area to airports could also influence local economic activity. This study attempts to fill this gap 
by presenting empirical evidence from a case study in the Tokyo Metropolitan Area (TMA), which 
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focuses on airport accessibility through urban rail transit. This study highlights rail transit as an airport 
access mode because rail transit is most popularly used for first-/last-mile trips to/from the airport 
in the TMA (Murakami and Kato 2020). Tokyo is a well-known megacity with a densely developed 
urban rail network in the region. The urban rail network has been developed as part of a long-term 
master plan that has been under development for years under the guidance of the central government 
(Kato 2014). Recent master plans have highly prioritized rail investments for improving accessibility 
to a city airport to handle rapidly increased air transportation demand and enhance international 
competitiveness (Kato et al. 2017; Morichi et al. 2001). In fact, eight new rail lines, including one 
airport access line, were put into operation in the TMA from 2000 to 2010. Therefore, Tokyo is a 
suitable case study for investigating the impact of improvement in rail access to the airport.

This chapter empirically analyzes the impact of improved rail accessibility to/from a city airport on 
the local economy in the TMA from 2000 to 2010. Population density, employment density, and 
land prices are used as indicators of the local economy. A quasi-experimental design using spatial 
difference-in-difference (DID) analysis, propensity score (PS) matching, and inverse probability 
weighting (IPW) is used to estimate the impacts. The spatial DID analysis enables us to estimate the 
economic impact of a policy treatment (in our case, improving urban rail accessibility to/ from the 
airport), taking into account spatial autocorrelation. Combining spatial dependencies with a DID 
method has been used in recent spatial studies (Guignet and Martinez-Cruz 2018; Dubé et al. 2014; 
Heckert and Mennis 2012). PS matching is widely used to estimate an average treatment effect by 
comparing indicators of samples in a treatment group with those in a control group (Imbens and 
Rubins 2015; Shadish, Cook, and Cambell 2002). A PS is a conditional probability of assignment 
to the treatment group, given the covariates representing the characteristics of the samples that 
can be used to better match pairs of samples in the two groups (Rosenbaum and Rubin 1983). 
The IPW approach enables us to estimate the effects of specific treatments without the endogeneity 
caused by observable variables (Rosenbaum 1987). In the IPW approach, data from each sample 
are weighted according to an inverse of the PS. The above three methods are expected to verify our 
hypothesis that improving rail accessibility to/ from the city’s airport positively affected local indicators, 
in a rigorous manner. 

This chapter proceeds as follows. The next section summarizes the recent development of airport rail 
services connecting the CBD with a city airport in the TMA. The methods of empirical analysis are 
presented, followed by the organization and description of data, estimation results, and discussion. 
Finally, our key issues and challenges for future research are summarized as concluding remarks.

4.2 Airport Rail Links in Tokyo Metropolitan Area

Metropolitan/urban rail connects many Asian cities to their airports, while long-distance rail 
connects European cities to their airports (Murakami, Matsui, and Kato 2016). Tokyo is also one 
of the typical major Asian cities where the airport rail link as part of urban rail, has connected 
the CBD with the airports, and its modal share of traffic is high.2 TMA has two major airports, 
Haneda Airport and Narita Airport, officially known as “Tokyo International Airport” and 

2 Airport buses, private cars, and taxis are also available in addition to rail transit for airport access in TMA. The modal share of rail transit 
to/ from Haneda Airport accounts for over 50%, followed by airport bus (about 20%), and private car (about 8%) (Murakami and Kato 2020).
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“Narita International Airport,” respectively. Haneda Airport is located about 15 km from the CBD. 
It used to be operated mainly for domestic service but is now used for both domestic and 
international services. With 85 million passengers in 2017, it is the busiest airport in Japan and 
the fourth-busiest airport in the world (ICAO 2018). This study focuses on the rail accessibility of 
Haneda Airport, a city airport of Tokyo, to or from the airport. Currently, there are two airport rail 
links that connect the CBD to Haneda Airport. 

It should be noted that the airport rail links were considered part of an urban rail network in the TMA. 
It is well known that the TMA has a large and dense urban rail network. The urban rail network in the 
TMA was invested and developed based on long-term master plans for rail development proposed 
by the Council for Transport Policy under the guidance of the Ministry of Transport (Kato 2014). 
The urban rail master plans have been produced every nearly 15 years, and the most recent, the 
Masterplan 2030, was completed in April 2016 (Kato et al 2017). In the earlier master plans, relieving 
vehicle congestion was a major issue, as urban rail users in Tokyo suffered years of significant vehicle 
congestion due to insufficient capacity and rapid growth in urban rail demand. However, the latest 
urban rail master plan gives top priority to improving airport/high-speed rail (HSR) connectivity, as this 
is expected to help boost Tokyo’s international competitiveness. This may reflect the government’s 
recent economic growth strategy, which assumes that infrastructure investments in urban areas, 
particularly improving airport accessibility, will increase economic productivity and lead to higher 
economic growth. The 2000, 2015, and 2030 master plans proposed 29, 34, and 24 rail investment 
projects, respectively, including 3, 6, and 4 airport rail access projects.

4.3 Method

Spatial Difference-in-Differences

The DID analysis attempts to mimic an experimental research design using data from an 
observational study by studying the differential effect of a treatment on a “treatment group” 
compared with a “control group” in a natural experiment (Angrist and Pischke 2008). DID requires 
data measured from a treatment group and a control group at two or more time periods, at least 
once before “treatment” (Time 1) and at least once after “treatment” (Time 2). In our study, we 
assume that the treatment is an improvement of urban rail accessibility between an area and a city 
airport, and that the treatment group includes areas where urban rail airport accessibility has been 
improved, while the control group includes other areas. DID estimates the impact of a particular 
treatment by comparing changes in indicators between the treatment and control groups. 

This study assumes a simple two-time framework DID that a treatment effect is calculated as the 
difference of changes in indicators between the two groups from Time 1 to Time 2, formulated as:

 τ! = (𝑦𝑦!"# − 𝑦𝑦!$#) − (𝑦𝑦!"% − 𝑦𝑦!$%)  (1)

where  is the treatment effect in zone i, yi2T is a local indicator under the condition that the 
treatment is implemented in zone i at Time 2; yi2T is an indicator under the condition that the 
treatment is implemented in zone i at Time 1; yi2C is an indicator under the condition that the 
treatment is not implemented in zone i at Time 2; and yi2C is an indicator under the condition 
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that the treatment is not implemented in zone i at Time 1. The average treatment effect can 
be estimated using a parametric approach that assumes a linear regression model in which the 
dependent variable is the indicator of the zone and the explanatory variables include 0/1 dummy 
variables representing treatment status and time status, and other covariates formulated as follows: 

 𝑦𝑦!" = 𝛽𝛽#$𝑇𝑇𝑇𝑇! + 𝛽𝛽#%𝑇𝑇𝑇𝑇" + 𝛽𝛽&'&𝐷𝐷𝐷𝐷𝐷𝐷!" + 𝑽𝑽!"𝜽𝜽 + 𝜀𝜀!"  (2)

where yit is the indicator in zone i at time t; TRi is a dummy variable, which is 1 if zone i belongs to 
the treatment group and otherwise 0; TMt is a dummy variable, which is 1 if the time is after the 
treatment (Time 2) and otherwise 0; DIDit is defined as a product of TRi and TMt

3; Vit is a vector of 
other covariates in zone i at time t, and TR, TM, DID, and  are unknown coefficients. An estimated 
coefficient  represents selection bias; TM represents a time trend of the indicator; and  
represents the average treatment effect, which is our main concern.

In this study, we also introduce spatial autoregressive models to incorporate spatial-dependent 
responses and spatial error dependence. A spatial lag model (SLM), a spatial error model (SEM), 
and a general spatial autoregressive model with a correlated error term (SAC) are used. They are 
formulated as follows:

 SLM: 𝒚𝒚! = 𝛽𝛽"#𝑻𝑻𝑻𝑻 + 𝛽𝛽"$𝑻𝑻𝑻𝑻+ 𝛽𝛽%&%𝑫𝑫𝑫𝑫𝑫𝑫! + 𝜌𝜌𝑾𝑾𝒚𝒚! +𝑿𝑿!𝜽𝜽 + 𝜺𝜺!  (3)

 SEM: 𝒚𝒚! = 𝛽𝛽"#𝑻𝑻𝑻𝑻 + 𝛽𝛽"$𝑻𝑻𝑻𝑻+ 𝛽𝛽%&%𝑫𝑫𝑫𝑫𝑫𝑫! +𝑿𝑿!𝜽𝜽 + 𝒖𝒖! , 𝒖𝒖! = 𝜆𝜆𝑾𝑾𝒖𝒖! + 𝜺𝜺!  (4)

 SAC: 𝒚𝒚! = 𝛽𝛽"#𝑻𝑻𝑻𝑻 + 𝛽𝛽"$𝑻𝑻𝑻𝑻+ 𝛽𝛽%&%𝑫𝑫𝑫𝑫𝑫𝑫! + 𝜌𝜌𝑾𝑾𝒚𝒚! +𝑿𝑿!𝜽𝜽𝜆𝜆𝑾𝑾𝒚𝒚! + 𝒖𝒖! , 𝒖𝒖! = 𝜆𝜆𝑾𝑾𝒖𝒖! + 𝜺𝜺!  (5)

where  is a parameter for the spatial lag term, W is a spatial weight matrix,  is a parameter for 
the spatial error term, u is an independent identically distributed error, and Xt is the matrix of 
independent variables not including constant. 

Propensity Score Matching

PS matching estimates the treatment effect based on the difference between the treatment and 
control groups. Because the covariates are expected to be unbalanced between the two groups, they 
are balanced using a balancing score that yields a PS. The PS is defined as a probability of assigning a 
sample to the treatment group that varies between 0 and 1. The PS is usually estimated with a logit or 
probit model using the covariates, formulated as:

 𝑒𝑒! = 𝑓𝑓$𝑧𝑧! = 1|𝑏𝑏(𝑽𝑽!),  (6)

3 In our study context, zones that have experienced the improvement of airport accessibility from 2000 to 2010 should have their TR value 
as 1, while other zones that have not experienced an improvement should have 0 as their TR. For 2000, TM should be 1, and for 2010, 
TM should be 0. For zones with accessibility improvement, DID should be 1 if the year is 2010 and 0 if the year is 2000; for other zones 
without accessibility improvement, DID should be 0 regardless of the year.
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where ei is a PS of zone i; zi is a dummy variable representing an assigned group, which is 1 if zone 
i belongs to the treatment group and 0 otherwise; b(.) is a balancing score; and Vi is a vector of 
covariates.

PS matching finds pairs of samples from treatment and control groups with a similar score. In practice, 
several methods and criteria for matching have been proposed. In this study, the nearest matching 
method with a 1-to-1 matching restriction and the matching caliper method with two calipers of 
0.01 and 0.005 are used. This study estimates an average treatment effect (ATE) and an average 
treatment effect on treated (ATT), which are shown as follows:

 ATE = 𝐸𝐸(𝑦𝑦!"# − 𝑦𝑦!$#) − 𝐸𝐸(𝑦𝑦!"% − 𝑦𝑦!$%)  (7)

 ATT = 𝐸𝐸(𝑦𝑦!"# − 𝑦𝑦!$#|𝑧𝑧! = 1) − 𝐸𝐸(𝑦𝑦!"% − 𝑦𝑦!$%|𝑧𝑧! = 1)  (8)

where E(.) denotes a function of taking an average. yi2T is a local indicator under a condition that 
treatment is implemented in zone i at Time 2; yi1T is an indicator under a condition that treatment 
is implemented in zone i at Time 1; yi2C is an indicator under a condition that the treatment is not 
implemented in zone i at Time 2; and yi1C is an indicator under a condition that the treatment is not 
implemented in zone i at Time 1. ATE represents the average treatment effect covering pairs of all 
samples in both treatment and control groups after the matching process, while ATT represents the 
average treatment effect covering pairs of samples in the treatment group through the matching 
process. Thus, ATT could show the treatment effect properly for samples in the treatment group by 
comparing a counterfactual case of an untreated condition.

Inverse Probability Weighting Approach

The IPW approach estimates unobservable Ê(yi2T–yi1T) and Ê(yi2C–yi1C) as follows:

 𝐸𝐸"(𝑦𝑦!"# − 𝑦𝑦!$#) = 	)
𝑧𝑧!(𝑦𝑦!"# − 𝑦𝑦!$#)
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!&$
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where N represents the total number of zones, E(.) represents the weighted average, ei represents 
the PS, yi2T is a local indicator under a condition that treatment is implemented in zone i at Time 
2, yi1T is an indicator under a condition that treatment is implemented in zone i at Time 1, yi2C is an 
indicator under a condition that the treatment is not implemented in zone i at Time 2, and yi1C is an 
indicator under the condition that the treatment is not implemented in zone i at Time 1.

Then, ATE and ATT can be estimated using the IPW approach as follows:

 𝐴𝐴𝐴𝐴𝐴𝐴$!"# = 𝐴𝐴&(𝑦𝑦$%& − 𝑦𝑦$'&) − 𝐴𝐴&(𝑦𝑦$%( − 𝑦𝑦$'()  (11)

 𝐴𝐴𝐴𝐴𝐴𝐴#!"# =	𝐸𝐸'(𝑦𝑦$%& − 𝑦𝑦$'&|𝑧𝑧$ = 1) −	𝐸𝐸'(𝑦𝑦$%( − 𝑦𝑦$'(|𝑧𝑧$ = 1)  (12)
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The IPW approach has the advantage over PS matching in that (i) a subjective operation in selecting 
matched sample pairs using calipers can be avoided in PS matching; and (ii) the data can be fully 
utilized without discarding unmatched samples, which often occurs in PS matching.

4.4 Zone-Based Analysis

4.4.1 Data

We divide the TMA into 2,843 zones and collect the urban rail service data set as of 1 October 
2000 and 1 October 2010. This zoning system was also applied to an analysis in the most recent 
urban rail master plan, Masterplan 2030, in which each zone has about one train station on 
average. Three socioeconomic and demographic data sets are collected as local indicators or 
dependent variables. 

First, population data are estimated from the 2000 Census and the 2010 Census. Second, 
employment/population data are estimated from the 2001 Establishment and Enterprise Census 
of Japan and 2012 Economic Census for Business Activity, assuming that employment in 2001 
and 2012 is the same as that in 2000 and 2010 based on data availability. Third, data on land 
prices are estimated from the annual surveys in 2000 and 2010 of official land prices under the 
Public Notice of Land Prices Act of Japan. This survey is conducted under the guidance of Japan’s 
Ministry of Land, Infrastructure, Transport, and Tourism, which regularly investigates the land 
prices of approximately 26,000 points across the country on 1 January of each year. We estimate a 
representative land price in each zone by calculating an average land value when multiple land prices 
are available in a zone. 

A data set of potential independent variables was also developed. First, the urban rail service is 
represented by total travel time from an origin to a destination, including the first-mile trip, waiting 
time at the rail station, in-train trip, transfer at the rail station, and the last-mile trip. In this study, 
airport accessibility is defined as travel time by rail between the airport and other zones.4 This is 
because the travel time by rail is typically reduced when new rail lines are introduced or rail services 
in existing rail lines are improved for upgrading the airport accessibility. Second, the mobility of a 
zone traveling to other zones is defined as: 

 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀!" =
1

𝑁𝑁 − 1,𝑇𝑇!#"
#$!

  (13)

where Tijt is the travel time by train from zone i to zone j at time t. Third, a dummy variable of the 
urgent urban renewal area (UURA) is defined as 1 if a zone belongs to the UURA. Otherwise, 
it is 0. The UURA is an area designated by government ordinance to promote urgent and intensive 

4  Travel time between airport and zones is calculated based on rail routes with the shortest-travel time between them. It consists of 
the in- vehicle rail travel time between the airport station and representative stations of zones, waiting time at transfer stations, and 
first-/ last-mile travel time to/from the airport/representative stations. Note that the representative stations in zones are defined as the 
stations that are closest to the representative nodes (centroids) of the zones. The in-vehicle rail travel time is defined as the daily average 
travel time on weekdays. The data were taken from railway company time tables.
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renewal or improvement of urban districts through an urban development project (Ministry of Land, 
Infrastructure, Transport and Tourism, Japan 2019). This policy began in 2002, and the 24 areas 
were designated as UURA in the TMA between 2002 and 2010. Finally, other data sets were 
developed using the geographic information system. These include the distance between a zone 
centroid and Tokyo Station, the main hub in Tokyo; the distance between the zone centroid and the 
nearest station and Japan Railways (JR) station; the total length of roads in a zone; the road density 
in a zone; and a dummy for the Tokyo 23-ward area, defined as 1 if a zone belongs to the 23-ward 
area. Otherwise, the value is 0. JR stands for East Japan Railway Company, one of the major private 
railroad companies in the TMA. The 23-ward area is the most densely populated area in the TMA.

Since the above data set contains some missing values, including 108 missing data for population 
density, 62 for employment density, and 844 for land price, multivariate imputation by chained 
equation (Van Buuren and Groothuis-Oudshoorn 2011) is used to complement the missing values 
in the data set based on data availability.

Table 4.1 summarizes the descriptive statistics of the data set, while Figure 4.1 shows the changes in 
accessibility to Haneda Airport between 2000 and 2010 in the TMA.5 The figure shows that travel 
time to Haneda Airport has improved particularly in the north and southeast of the TMA. These 
improvements largely follow the area where a new rail line was introduced. 

Table 4.1: Descriptive Statistics of Zone-Based Data Set

Variables Unit Mean S.D. Min. 25% 50% 75% Max.
Area km2 5.53 13.02 0.06 0.82 1.77 4.54 331.31
Population density in 2000 per km2 8,044 8,153 1 1,855 6,922 12,373 255,310
Population density in 2010 per km2 8,617 7,177 0 2,092 7,510 13,168 51,090
Employment density in 2001 per km2 6,257 18,385 2 476 1,505 3,716 224,367
Employment density in 2012 per km2 6,850 20,815 1 508 1532 3720 330,314
Land price in 2000 ¥/m2 376,539 604,491 5,000 147,607 240,667 393,325 11,725,000
Land price in 2010 ¥/m2 426,596 1,264,214 590 99,150 192,000 360,500 28,000,000
Distance to Tokyo station km 29.130 18.360 0.183 14.560 26.989 40.232 98.334
Distance to nearest station in 2000 km 1.276 1.505 0.015 0.367 0.745 1.605 13.316
Distance to nearest station in 2010 km 1.187 1.395 0.015 0.347 0.714 1.488 13.316
Distance to nearest JR station in 2000 km 2.730 2.704 0.028 0.921 1.921 3.675 25.715
Distance to nearest JR station in 2010 km 2.727 2.704 0.028 0.918 1.915 3.675 25.715
Accessibility to HND in 2000 minute 115.1 38.5 31.7 88.2 110.4 134.1 299.1
Accessibility to HND in 2010 minute 110.9 36.7 30.4 85.3 106.4 129.8 294.2
Mobility in 2000 minute 122.5 30.4 78.5 103.2 115.9 133.4 293.4

5 Figure 4.1 contains some zones where the accessibility of Haneda Airport has had negative improvement from 2000 to 2010. One of the 
reasons for this is that the first-/last-mile travel time between centroids and representative stations in those zones has increased because 
representative stations were changed from 2000 to 2010 due to the changes in the rail route with the shortest-travel time between the 
zones and the airport.

continued on next page
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Variables Unit Mean S.D. Min. 25% 50% 75% Max.
Mobility in 2010 minute 121.2 30.2 77.9 102.3 114.7 132.1 292.7
Road density in 2000 km/km2 12.46 6.35 0.41 7.33 12.18 17.12 31.58
Road density in 2010 km/km2 18.74 10.04 0.52 9.40 20.17 26.77 45.97
Tokyo 23-ward (1/0) n.a. 0.263 0.440 0 0 0 1 1
UURA (1/0) n.a. 0.052 0.222 0 0 0 0 1

HND = Haneda Airport, JR = Japan Railways, km = kilometer, km2 = square kilometer, m2 = square meter, n.a. = not applicable,  
S.D. = standard deviation, UURA = urgent urban renewal area.
Notes:
(i) Japan Railways used to be a state-owned enterprise until 1987.
(ii) Exchange rate used is $1.00 = ¥107.8 for 2000 and $1.00 = ¥87.8 for 2010.
Sources: Authors, estimated with data from 2000 Population Census and 2010 Population Census of Japan; 2001 Establishment and 
Enterprise Census of Japan and 2012 Economic Census for Business Activity of Japan; the official land price under the Public Notice of 
Land Prices Act of Japan; and the Digital National Land Information of Japan.

Table 4.1 continued

Figure 4.1: Changes in Accessibility to Haneda Airport in the Tokyo Metropolitan Area 
from 2000 to 2010

Note: This map was produced by Authors. The boundaries, colors, denominations, and any other information shown on this map do 
not imply, on the part of the Asian Development Bank, any judgment on the legal status of any territory, or any other endorsement or 
acceptance of such boundaries, colors, denominations, or information.
Source: Authors.
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4.4.2 Results

This study defines the treatment group as a set of zones where Haneda Airport accessibility 
improved from 2000 to 2010, and the control groups as a set of other zones. 

Estimation Results of Spatial Difference-In-Differences

To estimate the spatial models, we should define a spatial weight matrix to account for spatial 
autocorrelation. We assume an inverse of travel time between zones as elements of a spatial weight 
matrix after testing a number of options for the spatial weight matrix. Table 4.2 summarizes the 
estimation results of the DID analysis with ordinary least squares (OLS), SLM, SEM, and SAC, 
pertaining to population density, employment density, and land price, respectively. They show that 
the spatial lag and error terms  and  are statistically significant in almost all models, implying that 
local indicators and other unobservable factors exhibit spatial autocorrelation. The log likelihood of 
SAC is larger than that of the others, while the Akaike Information Criterion (AIC) of SAC is smaller 
than that of the others. These performance indices may suggest that SAC is probably the best model 
to describe the local indicators.

The population density results show that the estimated coefficients of DID are significantly positive 
in all models. This means that more population has migrated to the area where accessibility to 
Haneda Airport had improved. This could be because new residential areas have been developed 
in the areas where the accessibility to the airport has been improved. They also show that TR, 
which is a dummy variable defined in equation (2) is considered significantly negative in all models. 
This means that the area where accessibility to Haneda Airport has been improved tends to have 
a lower population. In all models, UURA is estimated to be significantly negative. This is probably 
because UURA has promoted urban renewal and redevelopment mainly for businesses rather 
than residential areas. 

Distance to the nearest JR station and mobility are also estimated to be significantly negative, 
while road density is significantly positive in all models. They are all reasonable. Tokyo 23-ward is 
significantly negative in all models. This could be because the Tokyo 23-ward area is close to the 
CBD and includes business and commercial areas rather than residential areas, unlike the suburbs 
where residential uses dominate. 

Next, the results of employment density estimation show an insignificant average treatment 
effect, but a significant negative selection bias in all models. This means that the improvement 
in rail accessibility to Haneda Airport had no effect on the business cluster. The improvement 
was implemented in the areas with poorer access to Haneda Airport. They also show that UURA 
and Tokyo 23-ward have significant positive effects. These results are consistent with those 
of population density. Distance to nearest station, distance to nearest JR station, and mobility 
are significantly negative in all models, while road density is significantly positive in all models. 
They are also all reasonable. Finally, the estimation results for land price show insignificant DID in 
all models. TR is again estimated to be significantly negative in all models, implying that areas where 
accessibility to Haneda Airport has been improved tend to have lower land prices. In all models, 
UURA, road density, and Tokyo 23-ward have significant positive effects, while distance to nearest 
station, distance to nearest JR station, and mobility have significant negative effects in all models. 
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Table 4.2: Estimation Results of Spatial DID Models

ln (Population Density) ln (Employment Density) ln (Land Price)
OLS SLM SEM SAC OLS SLM SEM SAC OLS SLM SEM SAC

Intercept 8.57*** 0.52 8.46*** 0.56 13.37*** 0.78*** 12.73*** 0.33 13.37*** 0.78*** 12.73*** 0.33
(0.11) (0.33) (0.31) (2.67) (0.06) (0.08) (0.55) (7.73) (0.06) (0.08) (0.55) (7.73)

TR –0.21*** –0.15*** –0.19*** –0.13** –0.23*** –0.17*** –0.17*** –0.11*** –0.23*** –0.17*** –0.17*** –0.11***
(0.04) (0.04) (0.05) (0.05) (0.03) (0.02) (0.03) (0.03) (0.03) (0.02) (0.03) (0.03)

TM –0.63*** –0.70*** –0.27 –0.41 –0.54*** –0.33*** –1.04 –0.61 –0.54*** –0.33*** –1.04 –0.61
(0.05) (0.06) (0.40) (1.21) (0.03) (0.03) (0.76) (7.23) (0.03) (0.03) (0.76) (7.23)

DID 0.17** 0.17** 0.15* 0.15* 0.03 0.04 0.03 0.03 0.03 0.04 0.03 0.03
(0.06) (0.06) (0.07) (0.07) (0.03) (0.03) (0.04) (0.04) (0.03) (0.03) (0.04) (0.04)

Area –0.02*** –0.02*** –0.02*** –0.02*** 0.003*** 0.002* 0.003** 0.002* 0.003*** 0.002* 0.003** 0.002*
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)

Distance to nearest station –0.18*** –0.17*** –0.17*** –0.17*** –0.15*** –0.15*** –0.15*** –0.14*** –0.15*** –0.15*** –0.15*** –0.14***
(0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01)

Distance to nearest JR station 0.01 0.01 0.01 0.01 –0.03*** –0.02*** –0.03*** –0.02*** –0.03*** –0.02*** –0.03*** –0.02***
(0.01) (0.01) (0.01) (0.01) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)

Mobility –0.01*** –0.01*** –0.01*** –0.01*** –0.01*** –0.01*** –0.01*** –0.01*** –0.01*** –0.01*** –0.01*** –0.01***
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)

Road density 0.10*** 0.10*** 0.10*** 0.10*** 0.03*** 0.03*** 0.03*** 0.03*** 0.03*** 0.03*** 0.03*** 0.03***
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)

Tokyo 23-ward (1/0) –0.19*** –0.24*** –0.18*** –0.23*** 0.71*** 0.60*** 0.68*** 0.58*** 0.71*** 0.60*** 0.68*** 0.58***
(0.04) (0.04) (0.04) (0.05) (0.02) (0.02) (0.02) (0.03) (0.02) (0.02) (0.02) (0.03)

UURA (1/0) –0.88*** –0.88*** –0.85*** –0.85*** 1.34*** 1.28*** 1.30*** 1.25*** 1.34*** 1.28*** 1.30*** 1.25***
(0.09) (0.09) (0.09) (0.09) (0.05) (0.05) (0.05) (0.05) (0.05) (0.05) (0.05) (0.05)

n.a. 0.93*** n.a. 0.91** n.a. 0.99*** n.a. 0.99*** n.a. 0.99*** n.a. 0.99***
n.a. (0.04) n.a. (0.33) n.a. (0.00) n.a. (0.23) n.a. (0.00) n.a. (0.23)
n.a. n.a. 0.93*** 0.92** n.a. n.a. 0.980*** 0.97 n.a. n.a. 0.98*** 0.97
n.a. n.a. (0.03) (0.30) n.a. n.a. (0.01) (0.63) n.a. n.a. (0.01) (0.63)

N 5,680 5,680 5,680 5,680 5,680 5,680 5,680 5,680 5,680 5,680 5,680 5,680
LL –8,077 –8,051 –8,053 –8,033 –4,940 –4,709 –4,854 –4,646 –4,940 –4,709 –4,854 –4,646
AIC 16,178 16,129 16,133 16,094 9,905 9,445 9,734 9,321 9,905 9,445 9,734 9,321

AIC = Akaike Information Criterion, DID = difference in differences, JR = Japan Railways, LL = log likelihood, N = number of observation, n.a. = not applicable, OLS = ordinary least squares, 
SAC = spatial autoregressive model with a correlated error term, SEM = spatial error model, SLM = spatial lag model, UURA = urgent urban renewal area.
Notes: 
(i) Standard error in parentheses. ***p < 0.001, **p < 0.01, *p < 0.05.
(ii) DID = interactive term defined in equation (2); TM = dummy variable defined in equation (2); TR = dummy variable defined in equation (2).
Source: Authors’ estimation. 
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Results of Propensity Score Matching

Table 4.3 shows the estimation results of the PS function with a logit model. All explanatory 
variables in the model represent respondents’ social and economic attributes before the 
improvement of rail accessibility, since the variables must represent attributes of the samples before 
the assignment of the treatment or control. Note that some variables were included in the model 
despite their low statistical significance because they are expected to have a strong relationship 
with the dependent variable. Table 4.4 summarizes the estimation results of ATEs and ATTs with 
respect to population density, employment density, and land price with PS matching. This shows 
that both the ATEs and ATTs are statistically significant for employment density and land price when 
the caliper is 0.005. This suggests that a tighter matching is essentially required to properly test the 
treatment effect. Meanwhile, the estimated ATE and ATT of population density are insignificant.

Results of Inverted Probability Weighting Model

Table 4.5 shows the estimation results of ATEs and ATTs with respect to population density, 
employment density, and land price using the IPW method. This shows that the ATEs and ATTs are 
significantly positive for all indicators. They indicate that the improvement of Haneda Airport rail 
accessibility had significant positive effects on population density, employment density, and land price.

Table 4.3: Estimation Results of Propensity Score Function

Variable Coefficient Standard Error
Intercept 3.54*** 0.97
Area 0.01 0.01
Population density in 2000 0.03 0.08
Employment density in 2000 0.13 0.14
Land price in 2000 0.08 0.05
Distance to Tokyo Station 0.03* 0.01
Distance to nearest station in 2000 0.11 0.08
Distance to nearest JR station in 2000 –0.12*** 0.03
Accessibility to HND in 2000 0.12*** 0.01
Accessibility to NRT in 2000 –0.04*** 0.00
Mobility in 2000 –0.08*** 0.01
Road density in 2000 0.02 0.02
Tokyo 23-ward dummy (1/0) 2.94*** 0.26
UURA dummy (1/0) 0.82* 0.42
Number of observations 2,839 n.a.
McFadden’s adjusted R2 0.541 n.a.
Log likelihood –753.3 n.a.
AIC 1,534.6 n.a.
AIC = Akaike Information Criterion, HND = Haneda Airport, JR = Japan Railways, n.a. = not applicable, NRT = Narita Airport,  
UURA = urgent urban renewal area. 
Note: ***p < 0.001, **p < 0.01, *p < 0.05. 
Source: Authors’ estimation.
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Table 4.4: Estimation Results of ATE and ATT with PS Matching

Population Density Employment Density Land Price
Matched Number of Obs. ATE t-stat. p-value ATE t-stat. p-value ATE t-stat. p-value

Model 1 (1-to-1 matching) 234.8 0.39 0.70 852.7 1.01 0.31 109,147 1.22 0.22 2,839

Model 2 (Caliper 0.01) 203.5 0.35 0.72 806.9 1.01 0.31 104,090 1.02 0.23 2,421

Model 3 (Caliper 0.005) –243.8 –0.63 0.53 861.7** 2.20 0.03 215,674*** 4.83 0.00 801

ATT t-stat. p-value ATT t-stat. p-value ATT t-stat. p-value Matched Number of Obs.
Model 1 (1-to-1 matching) 264.9 0.38 0.72 796.2 0.71 0.48 99,019 0.77 0.44 2,056
Model 2 (Caliper 0.01) 303.4 0.42 0.68 793.1 0.72 0.47 109,847 0.87 0.39 1,877
Model 3 (Caliper 0.005) –39.2 -0.10 0.77 888.7* 1.66 0.10 238,647*** 3.87 0.00 623
ATE = average treatment effect, ATT = average treatment effects on the treated, Obs = Observations, PS = propensity score.
Note: ***p < 0.001, **p < 0.01, *p < 0.05.
Source: Authors’ estimation.

Table 4.5: Estimation Results of the Inverse Probability Weighting Model

Population Density Employment Density Land Price
ATE 415.8** 694.7*** 97,864***

(148.8) (195.8) (20,031)
ATT 519.6*** 770.8*** 109,821***

(130.5) (197.8) (223,501)

ATE = average treatment effect, ATT = average treatment effects on the treated. 
Note: ***p < 0.001, **p < 0.01, *p < 0.05; parentheses denote standard error.
Source: Authors’ estimation.
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4.4.3 Robustness Analysis

To test the robustness of our estimation results, we estimate an additional model using OLS. 
Table 4.6 shows the estimation results of an OLS model with spatial diffusion effects. This model 
divides the zones into six subgroups according to the travel time saved to Haneda Airport. “TR 0-5” 
is defined as 1 if a zone experienced travel time savings to Haneda Airport of 0 to 5 minutes from 
2000 to 2010, and 0 otherwise; “TR 5-30” is defined as 1 if a zone experienced travel time savings 
of 5 to 30 minutes, and 0 otherwise; “TR 0-30” is defined as 1 if a zone experienced travel time 
savings of 30 minutes or less, and 0 otherwise; and “TR 30<” is defined as 1 if a zone experienced 
travel time savings of more than 30 minutes, and 0 otherwise. 

Table 4.6: Robustness Analysis – Estimation Results of OLS Model 
with Spatial Diffusion Effects

Population Density Employment Density Land Price
Model 
PD-1

Model 
PD-2

Model 
ED-1

Model 
ED-2

Model  
LP-1

Model 
LP-2

Intercept 8.046*** 8.053*** 7.896*** 7.897*** 12.260*** 12.245***
(0.093) (0.093) (0.088) (0.088) (0.047) (0.048)

TR 0-5 0.133* 0.280*** 0.077**
(0.053) (0.049) (0.027)

TR 5-30 –0.145* 0.354*** –0.005
(0.057) (0.054) (0.029)

TR 0-30 0.026 0.308*** 0.044
(0.050) (0.047) (0.025)

TR 30< –0.384* –0.361* 0.094 0.088 –0.087 –0.077
(0.163) (0.163) (0.153) (0.153) (0.082) (0.083)

DID 0-5 0.099 –0.017 0.044
(0.064) (0.060) (0.032)

DID 5-30 0.263*** –0.058 –0.029
(0.070) (0.066) (0.035)

DID 0-30 0.167** –0.034 0.016
(0.059) (0.055) (0.030)

DID 30< 0.477* 0.473* –0.097 –0.095 0.044 0.048
(0.222) (0.222) (0.208) (0.208) (0.112) (0.113)

TM –0.696*** –0.699*** –0.417*** –0.418*** –0.376*** –0.378***
(0.053) (0.053) (0.050) (0.050) (0.027) (0.027)

Population density (*1,000) 0.014*** 0.013*** 0.003* 0.004**
(0.002) (0.002) (0.001) (0.001)

Employment density (*1,000) –0.015*** –0.015*** 0.014*** 0.014***
(0.001) (0.001) 0.000 0.000 

Land price (*100,000) –0.011*** –0.011*** 0.030*** 0.030***
continued on next page
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Population Density Employment Density Land Price
Model 
PD-1

Model 
PD-2

Model 
ED-1

Model 
ED-2

Model  
LP-1

Model 
LP-2

(0.002) (0.002) (0.002) (0.002)
Distance to the nearest station –0.205*** –0.215*** –0.218*** –0.215*** –0.125*** –0.129***

(0.012) (0.012) (0.011) (0.011) (0.006) (0.006)
Distance to the nearest JR station –0.012* –0.01 –0.050*** –0.050*** –0.019*** –0.018***

(0.006) (0.006) (0.006) (0.006) (0.003) (0.003)
Distance to Tokyo Station –0.012*** –0.012*** –0.006*** –0.006*** –0.013*** –0.013***

(0.002) (0.002) (0.002) (0.002) (0.001) (0.001)
Accessibility to Haneda Airport –0.006*** –0.006*** –0.016*** –0.016*** –0.006*** –0.006***

(0.001) (0.001) (0.001) (0.001) 0.000 0.000 
Accessibility to Narita Airport 0.003*** 0.003*** 0.003*** 0.003*** 0.005*** 0.005***

0.000 0.000 0.000 0.000 0.000 0.000 
Road density 0.105*** 0.105*** 0.059*** 0.059*** 0.019*** 0.019***

(0.002) (0.002) (0.002) (0.002) (0.001) (0.001)
Tokyo 23-ward (1/0) –0.254*** –0.263*** 0.128** 0.132** 0.396*** 0.386***

(0.043) (0.043) (0.041) (0.041) (0.022) (0.022)
UURA (1/0) 0.052 0.036 0.833*** 0.839*** 0.660*** 0.635***

(0.095) (0.095) (0.087) (0.087) (0.047) (0.047)
N 5,686 5,686 5,686 5,686 5,686 5,686
AIC 15,913.226 15,953.803 15,197.466 15,197.194 8,173.485 8,227.535
LL –7,937.613 –7,959.902 –7,579.733 –75,81.597 –4,067.743 –4,096.768

AIC = Akaike Information Criterion, DID = difference-in-differences, ED = effective density, JR = Japan Railways, LL = log likelihood,  
LP = land price, N = number of observations, PD = population density, UURA = urgent urban renewal area. 
Notes:
(i) ***p < 0.001, **p < 0.01, *p < 0.05. Parentheses denotes robust standard error.
(ii) In the same way, “DID 0-5” is defined as the product of TR 0-5 and TM; “DID 5-30” is the product of TR 5-30 and TM; “DID 0-30” 
is the product of TR 0-30 and TM; and “DID 30<” is the product of TR 30< and TM. 
(iii) TR is dummy variable defined in equation (2), and TM is variable defined in equation (2).
Source: Authors’ estimation.

The results show that DID 5-30, DID 30< in Model PD-1 and DID 0-30 and DID 30< are estimated 
to be significantly positive for population density, while other DID-related variables are not 
significantly estimated. They also show that the estimated coefficient of DID 30< is greater than 
that of DID 5-30 and DID 0-30 in terms of population density, while the estimated coefficient 
of DID 30< is also greater than that of DID 0-30 in terms of land price, although they are not 
statistically significant. They suggest that greater travel time savings to Haneda Airport lead to more 
positive effects on population density and land price.

Table 4.6 continued
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4.5 Point-Based Analysis

4.5.1 Data

Next, we also use point-based land price data instead of aggregated zone-based land price data, 
as shown in the earlier analysis. The source of the land price data is the same as in the zone-based 
analysis, namely the 2000 and 2010 surveys of the official land price under Japan’s Public Notice of 
Land Prices Act. One of the advantages of the point-based land price data is that we can incorporate 
the individual characteristics of land property, such as land area, building coverage ratio (BCR), 
floor area ratio (FAR), and built environment factors of each property such as land use patterns 
and accessibility to the nearest railway station. The geographic distribution of observed land points 
is shown in Figure 4.2.

Figure 4.2: Land Points Observed in Point-Based Analysis in Tokyo Metropolitan Area

Note: This map was produced by Authors. The boundaries, colors, denominations, and any other information shown on this map do 
not imply, on the part of the Asian Development Bank, any judgment on the legal status of any territory, or any other endorsement or 
acceptance of such boundaries, colors, denominations, or information.
Source: Authors’ estimation, with data from the official land price under the Public Notice of Land Prices Act, Japan.
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Table 4.7 summarizes the descriptive statistics for the analysis with the point-based land price. 
Mobility is defined as the average travel time between zones from a given zone to all other zones 
by rail. Note that some of the descriptive statistics in Table 4.1 should be different from those in 
Table 4.7 because the data in Table 4.1 are zone-based, while in Table 4.7 they are point-based.

Table 4.7: Descriptive Statistics in Point-Based Analysis

Variable Unit Mean S.D. Min. 25% Median 75% Max.
Land price 2010 ¥/m2 302,473 818,908 590 98,575 171,000 289,250 24,300,000 
Land price 2000 ¥/m2 338,715 607,231 2,300 154,000 227,000 337,000 13,100,000 
Land area 2010 m2 494 5,198 47.0 136 174 235 347,824 
Land area 2000 m2 483 5,115 47.0 136 174 235 347,824 
Distance to nearest station 2010 km 1.49 1.81 0.00 0.55 1.00 1.70 24.4 
Distance to nearest station 2000 km 1.53 1.80 0.00 0.55 1.00 1.80 17.0 
Build coverage ratio 2010 % 58.4 12.1 0.0 50.0 60.0 60.0 80.0 
Build coverage ratio 2000 % 31.4 26.8 0.0 0.0 40.0 60.0 70.0 
Floor area ratio 2010 % 197 129 0 100 200 200 1,300 
Floor area ratio 2000 % 205 134 0 100 200 200 1,000 
Mobility 2010 min 122 25.4 77.9 106 118 133 293 
Mobility 2000 min 123 25.5 78.8 107 119 134 293 
Population density 2010 per km2 8,912 6,216 5 3,956 8,246 12,569 51,090 
Population density 2000 per km2 8,340 5,898 4 3,609 7,480 11,911 49,671 
Employment density 2010 per km2 4,787 14,194 5 730 1,571 3,299 237,596 
Employment density 2000 per km2 4,693 14,125 3 729 1,547 3,343 224,367 
Road density 2010 per km2 19.5 8.95 1.13 11.8 20.7 26.4 46.0 
Road density 2000 per km2 12.8 5.47 1.01 8.81 12.4 16.5 31.6 

km = kilometer, km2 = square kilometer, m2 = square meter, S.D. = standard deviation.
Sources: Authors, estimated with data from 2000 Population Census and 2010 Population Census of Japan; 2001 Establishment and 
Enterprise Census of Japan and 2012 Economic Census for Business Activity of Japan; the official land price under the Public Notice of 
Land Prices Act of Japan, and the Digital National Land Information of Japan.

4.5.2 Results

Table 4.8 shows the estimation results of the OLS models for point-based land prices, incorporating 
property attributes and built environmental factors. Model P-1 is a model with current land use 
patterns, while Model P-2 is a model with city planning zones under the City Planning Act and 
related laws in Japan. The results show that the estimated coefficient of DID is positive but not 
statistically significant.
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Table 4.8: Estimation Results of OLS Models for Point-Based Land Prices

Variable
Model P-1
(Land use)

Model P-2
(City planning zone)

Intercept 13.953***(0.037) 12.838***(0.059)
TR –0.296***(0.011) –0.219***(0.010)
TM –0.479***(0.015) –0.433***(0.014)
DID 0.029 (0.015) 0.026 (0.014)
Distance to nearest station –0.082***(0.002) –0.061***(0.002)
Mobility –0.013***(0.000) –0.013***(0.000)
PD (*1,000) 0.015***(0.001) 0.009***(0.001)
ED (*1,000) 0.012***(0.000) 0.009***(0.000)
Road density 0.020***(0.001) 0.016***(0.001)
Tokyo 23-ward (1/0) 0.301***(0.012) 0.184***(0.012)
Building coverage ratio –0.001***(0.000) –0.001***(0.000)
Floor area ratio 0.000***(0.000) 0.001***(0.000)
Land use: Residence –0.221***(0.017)
Land use: Shop 0.296***(0.013)
Land use: Office 0.124***(0.016)
Land use: bank 0.582***(0.069)
Land use: Hotel –0.07(0.126)
Land use: Factory –0.462***(0.027)
Land use: Warehouse –0.383***(0.031)
Land use: Farmland –1.290***(0.133)
Land use: Forest –2.966***(0.062)
Land use: Clinic 0.259***(0.056)
Land use: Vacant –0.066(0.097)
Land use: Workshop –0.271***(0.050)
Land use: Other 0.028(0.015)
City planning area: Category 1 low-rise exclusive residential districts 0.753***(0.046)
City planning area: Category 2 low-rise exclusive residential districts 0.504***(0.058)
City planning area: Category 1 medium-to-high-rise exclusive 
residential districts

0.567***(0.045)

City planning area: Category 2 medium-to-high-rise exclusive 
residential districts

0.556***(0.047)

City planning area: Category 1 residential districts 0.462***(0.044)
City planning area: Category 2 residential districts 0.573***(0.050)
City planning area: Quasi-residential districts 0.600***(0.052)
City planning area: Neighborhood commercial districts 0.652***(0.045)
City planning area: Commercial districts 0.738***(0.046)
City planning area: Quasi-industrial districts 0.434***(0.046)
City planning area: Industrial districts 0.264***(0.056)

continued on next page
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Variable
Model P-1
(Land use)

Model P-2
(City planning zone)

City planning area: Exclusive industrial districts 0.117*(0.056)
City planning area: Fire prevention districts 0.322***(0.021)
City planning area: Quasi-fire prevention districts 0.242***(0.010)
City planning area: Urbanization control areas –0.407***(0.047)
City planning area: Urbanization promotion areas and city planning 
areas other than urbanization control areas

–0.025(0.026)

Regional forest planning area –1.884***(0.061)
Category 2 national park area 0.21(0.251)
National park area 0.144(0.177)
N 13,032 13,032
AIC 12,747 9,842
LL –6,348 –4,889

AIC = Akaike Information Criterion, DID = difference-in-differences, ED = effective density, LL = log likelihood, N = number of observations, 
OLS = ordinary least squares, PD = population density. 
Notes:
(i) ***p < 0.001, **p < 0.01, *p < 0.05; parentheses denote robust standard error.
(ii) TM is the dummy variable defined in equation (2), and TR is the dummy variable defined in equation (2). 
Source: Authors’ estimation.

4.5.3 Robustness Analysis

Table 4.9 also shows the OLS models’ estimation results for point-based land prices by city planning 
zone. Although the DID estimates are not significant for nearly all city planning zones, only the 
commercial districts have significantly positive estimates for DID. This suggests that improving 
accessibility to the city’s airport may increase land prices in the commercial districts.

Table 4.8 continued
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Table 4.9: Estimation Results of OLS Models for Point-Based Land Prices by City Planning Zone

Variable

Category 1 
Low-Rise 
Exclusive 

Residential 
Districts

Category 2 
Low-Rise 
Exclusive 

Residential 
Districts

Category 1 
Medium-to-

High-Rise 
Exclusive 

Residential 
Districts

Category 2 
Medium-to-

High-Rise 
Exclusive 

Residential 
Districts

Category 1 
Residential 

Districts

Category 2 
Residential 

Districts

Quasi-
residential 

Districts

Neighborhood 
Commercial 

Districts
Commercial 

Districts

Quasi-
industrial 
Districts

Industrial 
Districts

Exclusive 
Industrial 
Districts

Intercept 14.384*** 13.996*** 14.367*** 14.139*** 13.344*** 12.410*** 13.829*** 13.914*** 13.970*** 13.673*** 13.747*** 11.035***
(0.059) (0.546) (0.256) (0.448) (0.087) (0.324) (0.324) (0.130) (0.169) (0.143) (0.285) (1.271)

TR –0.182*** –0.363* –0.346*** –0.225*** –0.366*** –0.320*** –0.379*** –0.260*** –0.224*** –0.308*** –0.371*** –0.440***
(0.013) (0.169) (0.022) (0.049) (0.023) (0.066) (0.076) (0.037) (0.055) (0.043) (0.084) (0.081)

TM –0.462*** –0.604** –0.375*** –0.478*** –2.774** –0.984 –0.493*** –0.454*** –0.363*** –0.192 –0.544*** –0.796***
(0.017) (0.217) (0.029) (0.059) (0.939) (0.758) (0.099) (0.046) (0.068) (0.259) (0.099) (0.087)

DID –0.016 0.053 0.012 0.057 0.015 0.042 –0.078 0.032 0.145* 0.112 –0.013 0.122
(0.018) (0.219) (0.031) (0.064) (0.032) (0.089) (0.103) (0.050) (0.073) (0.060) (0.115) (0.112)

Distance to nearest station –0.068*** –0.093*** –0.052*** –0.005 –0.057*** –0.067*** –0.033* –0.073*** –0.068** –0.041*** –0.078*** –0.028
(0.003) (0.020) (0.005) (0.010) (0.004) (0.009) (0.014) (0.011) (0.023) (0.008) (0.022) (0.015)

Mobility –0.015*** –0.010*** –0.012*** –0.013*** –0.012*** –0.010*** –0.011*** –0.014*** –0.018*** –0.014*** –0.014*** –0.014***
0.000 (0.002) 0.000 (0.001) 0.000 (0.001) (0.001) (0.001) (0.001) (0.001) (0.002) (0.002)

PD 0.021*** 0.021 0.013*** 0.029*** 0.016*** 0.001 –0.003 –0.003 –0.009** 0.016*** 0.015 0.059**
(0.002) (0.013) (0.002) (0.005) (0.002) (0.005) (0.006) (0.003) (0.003) (0.003) (0.014) (0.019)

ED 0.014*** 0.057*** 0.019*** 0.012*** 0.013*** 0.009*** 0.054 0.016*** 0.003*** 0.024*** 0.106* 0.129**
(0.002) (0.010) (0.002) (0.003) (0.002) (0.002) (0.028) (0.002) (0.001) (0.003) (0.042) (0.044)

Road density 0.019*** 0.026** 0.011*** 0.020*** 0.018*** 0.021*** 0.024*** 0.016*** –0.004 0.008** 0.003 0.008
(0.001) (0.009) (0.002) (0.004) (0.002) (0.005) (0.006) (0.003) (0.003) (0.003) (0.007) (0.008)

Tokyo 23- ward (1/0) 0.381*** 0.251 0.365*** 0.257** 0.281*** 0.104 0.475** 0.194*** 0.202*** 0.186*** 0.431*** –0.283
(0.017) (0.149) (0.024) (0.085) (0.028) (0.141) (0.162) (0.037) (0.046) (0.040) (0.109) (0.257)

Building coverage ratio –0.008*** –0.011 –0.015*** –0.023** 0.039* 0.01 –0.004 0.039
(0.001) (0.010) (0.004) (0.008) (0.016) (0.013) (0.004) (0.020)

Floor area ratio –0.002*** –0.001 0.001*** 0.003*** 0.001** 0.005*** –0.001 0.002*** 0.003*** 0.001**
0.000 (0.001) 0.000 (0.001) 0.000 (0.001) (0.001) 0.000 0.000 0.000 

N 4,701 91 1,922 491 2,077 220 149 810 1249 622 110 102
AIC 1,549.259 44.03 791.446 283.051 1,036.282 122.778 63.828 519.273 1,881.804 311.218 53.105 37.432
LL –761.629 –9.015 –382.723 –128.526 –505.141 –48.389 –19.914 –247.637 –928.902 –142.609 –15.552 –6.716

AIC = Akaike Information Criterion, DID = difference-in-differences, ED = effective density, LL = log likelihood, N = number of observations, OLS = ordinary least squares, PD = population density.
Notes: 
(i) ***p < 0.001, **p < 0.01, *p < 0.05; parentheses denote robust standard error.
(ii) TM is variables defined in equation (2), and TR is dummy variable defined in equation (2).
Source: Authors’ estimation.
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4.6. Discussion

This study examined the causal effects of improved accessibility to the city airport by rail on local 
indicators using four methods: DID, spatial DID, PS matching, and IPW, with two data sets of 
zone- based land prices and point-based land prices. Our findings can be summarized as follows:

 • The DID and spatial DID analysis with zone-based and point-based data showed that 
improving the accessibility of the city’s airport has a significant positive impact on 
population density.

 • DID analysis with point-based land price data by the city planning zone showed that the 
impact of improved accessibility to the city airport on land prices was significantly positive 
only in commercial districts.

 • The PS matching analysis with zone-based data showed that the ATTs of improved 
accessibility to the city airport were significantly positive in terms of employment density 
and land price.

 • IPW analysis with zone-based data showed that both the ATEs and ATTs of improved 
accessibility to the city airports were significantly positive in terms of population density, 
employment density, and land price.

How should they be interpreted? We should note that each method has advantages and 
disadvantages. First, the DID method is only appropriate when the assumptions of a parallel trend 
and a common shock are met. The parallel trend assumption requires that the time trend of the 
indicators in control group zones is the same as that in a counterfactual case in the treatment group 
zones, and the common shock assumption requires that events other than treatment that may 
have an impact on the indicators should occur together in the two groups. In our analysis, we tried 
to avoid possible violation of these assumptions by incorporating various covariates. However, 
there could still be some hidden factors that could affect the indicators. Since many zones in the 
control group are located in the western part of the TMA, as shown in Figure 4.1, unique local 
characteristics could affect the indicators. The results of our point-based analysis, using DID by 
city planning zone, also suggest that the effects of improving access to Haneda Airport were only 
observed in the commercial areas. The spatial DID has the advantage of incorporating spatial 
autocorrelation explicitly, since spatial interaction is considered important in spatial impact analysis. 
Specifically, improving rail accessibility could increase local economic performance near rail 
stations at the expense of economic output in other neighboring areas farther from the rail stations. 
This could suggest that ignoring the spatial interaction could bias the estimated impacts.

Next, PS matching can balance covariates with PS. Thus, it is applicable even when covariates vary 
between zones. In addition, PS matching has an advantage over the semiparametric approach because 
the risk of misspecification is lower with a parametric approach such as DID. This method can work 
if the assumption of a strongly ignorable treatment assignment is met. This assumption requires that 
the joint distribution of changes in the indicators of the treatment group (yi2T – yi1T) and the control 
group (yi2C – yi1C) is independent of an assignment variable zi. This may be equivalent to a condition of 
“missing completely at random” (Rubin 1976). However, the validity of this assumption is difficult to 
verify. Additionally, this method does not incorporate spatial autocorrelation.
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Finally, IPW can also incorporate covariates using PS, which is similar to PS matching but less 
subjective than PS matching, as shown earlier. Another advantage of IPW may be that it is applicable 
even when the distribution of the PS in the treatment group does not overlap well with that in the 
control group. Using this method also enables us to calculate the estimators directly. Note, however, 
that IPW is also subject to the assumption of strongly ignorable treatment assignment and does not 
account for spatial autocorrelation.

We maintain that ATT is preferable for impact analysis in our context than ATE. The reason is 
because we primarily want to know whether the improvement of urban rail access to the airport 
had an impact on the local economy in the improved zones. Then, the ATTs estimated from the PS 
matching and IPW should be highlighted for our study. Note that the estimated DID is the same 
as ATE, since it contains all samples in both groups. Our ATT test results from the PS matching 
and IPW conclude that the improvement of Haneda Airport rail access has significantly increased 
employment density and land prices in the zones where access to the airport was improved. 

The significant increase in employment density may indicate that business or commercial 
agglomeration near the rail stations was encouraged by the improvement in urban rail accessibility 
to the city’s airport. Better rail access to/from the airport enables locals to travel by train in less time 
and with greater reliability than by car; visitors also reach their destinations more easily. This could 
have a direct, indirect, or catalytic impact on business agglomeration. The direct impact may be 
the relocation of offices in airport-related industries, such as airport operators, airlines, airport air 
traffic control, ground handlers, airport security, immigration and customs, aircraft maintenance, 
and other airport activities. The indirect impact may be that of downstream industries that supply 
and support airport activities, including wholesalers that supply food for in-flight catering, oil 
refining activities for jet fuel, companies that provide accounting and legal services to airlines, and 
travel agents that book flights. The catalytic effect may also occur in industries other than airport or 
airport-related industries, such as tourism, including hotels, restaurants, and recreational facilities, 
as well as local transportation and global industries whose employees frequently travel by air to 
other regions/ countries or frequently meet with visitors from other regions/countries who use 
air transportation.

The significant increase in land prices may also indicate an increase in economic productivity in 
areas where access to the urban rail airport has been improved. One of the factors in improving 
economic productivity is a direct effect of improved accessibility. Shorter first-/last-mile travel time 
to/from the airport allows local businesspeople to be more productive in their offices and allows 
visitors to stay longer in the areas, which could lead to further production and/or consumption. 
Another factor, as mentioned earlier, could be business agglomeration. The business cluster is 
expected to promote innovative activities by facilitating matching in the labor market, which allows 
employers to find skilled workers at a lower cost, improve knowledge sharing among workers by 
increasing opportunities for face-to-face meetings, and activate a learning process for local workers 
in communicating with others. There is potential demand for offices in areas where improving rail 
access to the airport could lead to an increase in land prices.
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4.7 Conclusion

This study sought to provide empirical evidence of the effects of improving airport accessibility 
through urban rail in the TMA. Three types of quasi-experimental methods were used: spatial DID, 
PS matching, IPW with 2000 and 2010 panel data to statistically test the impacts. The estimation 
results show that employment density and land prices are significantly affected by the improvement 
of airport accessibility. These empirical findings could be helpful in understanding the impact 
of investments in airport ground access improvements and in examining the justification for 
billion- dollar investments in airport rail links, which have been widely debated in many cities.

This study provided useful insights into the economic impact of accessibility improvements on 
local economies in the TMA. However, several issues should be further examined. First, the data 
arrangement for the empirical analysis should be further explored. For example, this study assumed 
that the land price of the zone is represented by a simple average of the data at representative 
points in the zone, but this may introduce bias in the estimation because the land price should 
vary between areas in the same zone. A different method should be used to capture the land price 
of the representative zone, such as using different zoning systems where each zone has only one 
representative point of land price. In addition, other definitions of treatment and control groups 
might be helpful to better understand the impact of accessibility improvements. In this study, 
the treatment group was assumed to include the zones with improved accessibility and the control 
group was assumed to include the others. However, the treatment group could also include, 
for example, the zones with improved accessibility beyond a specific threshold, such as a travel time 
savings of 10 minutes or more. This is because local effects could only be materialized when the 
shock is greater than a certain level. In addition, further research with other data sets is needed to 
consolidate the findings of this study. For example, a similar empirical analysis should be conducted 
for other time periods in the TMA or in other cities.
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Chapter 5

Economic Impacts of Airport Upgrading 
on the Regional Economy: Case Study 
of the People’s Republic of China

5.1 Introduction

The airport is one of the most important elements of transportation infrastructure in many 
cities. The airport serves as a regional base for interregional and/or international transportation 
of leisure/ business travelers and cargo. They function as gateways to international/domestic air 
transportation networks while also serving as cores of agglomeration in regions with local/ regional 
businesses and employees directly and indirectly involved in supporting airport operations 
(Wu 2017; Brueckner 2003). It is widely believed that airport performance significantly affects the 
accessibility of regions in terms of interregional and/or international transportation and regional 
economic activities. 

The transportation network of the People’s Republic of China (PRC) has developed rapidly over the 
past decade. In 2017, 551.56 million passengers and 7.059 million tons of cargo were transported 
by air, and the annual growth rates are 12% for passenger ton kilometers and 8%–9% for cargo ton 
kilometers (CAAC 2018; IATA 2015). This has created the second-largest air transportation market 
in the world. The rapid growth in air traffic demand has caused serious traffic congestion at many 
airports in the PRC. This could hinder economic activities in the regions. Airport capacity expansion 
is considered a prerequisite for economic growth (Wu 2017) and has actually been implemented 
in many cities over the past decade. Increasing air traffic demand has required massive investment 
in new airports in many rural regions of the PRC, while the explosive growth in air traffic demand 
has also put pressure on existing airports in urban regions to increase their capacity, such as by 
expanding runways and renovating terminal buildings. Large cities such as Beijing, Shanghai, and 
Guangzhou, which are considered global hubs of air transport networks, are pioneering various 
strategies to upgrade their terminal facilities to improve operational efficiency in the PRC. 

In general, the upgrading of a civil airport system can be categorized into three types. The first 
type is the upgrading of an existing airport, in which an existing airport is modernized through 
physical expansion, such as terminal extensions and flight area improvements, to increase air traffic 
capacity. The second type is airport relocation, in which the functions of the original airport are 
moved to another location where a new airport is created. The area of the original airport could 
be converted to another development. The third is a multi-airport system (MAS), in which a new 
civil airport is built, while the original airport remains in operation, resulting in two or more civil 
airports simultaneously serving air traffic in the region. Airport relocation, which used to be a 
rare event in PRC aviation, has recently become more popular. For example, in Qingdao, Dalian, 
and Xiamen, urban airports were closed when newly built airports away from the central business 
district (CBD) become operational. The introduction of MAS has also been explored in major cities 
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such as Beijing and Chengdu, which are expected to complete construction of additional airports 
around 2020, after Shanghai completed the upgrading of MAS in 1999. One of the reasons that 
relocation of airports and/or MAS has recently become more prominent in the PRC is because 
investment in airport expansion in line with urban development is facing challenges in many 
cities. The development of new airports in urban areas has encountered difficulties in finding a 
suitable location, due to the increase in property prices in urban areas and the difficulty in finding 
consensus with local communities due to the expected negative impact of rapid expansion of 
urban boundaries. Airport upgrading aims to overcome the contradiction between improving air 
transportation capacity and rapid urbanization by relocating or building new secondary airports in 
peripheral areas, even if this requires additional efforts to improve ground access to remote airports. 

Investment in airport upgrading is expected to have an impact on local and/or regional economic 
activity. Airport upgrading increases air traffic capacity and improves the airline network. Improved 
accessibility lowers trade costs and stimulates intra-industry trade and economic activity at the 
aggregate city level (Baker, Merkert, and Kamruzzaman 2015). Airport upgrading can also improve 
the socioeconomic function of a region. The phenomenon of airport cities—agglomerations of jobs 
anchored by the airport (Appold and Kasarda 2013) that have emerged at major airports in the 
PRC—is a unique response to growing population, employment, and economic activity. The location 
of advanced manufacturing services, including finance, insurance, and real estate, is particularly 
relevant because they are considered aviation-oriented. 

Airport upgrading is seen as a transportation investment strategy to boost regional economies and 
resolve conflicts between urban development and the aviation industry. Many airport upgrading 
projects in the PRC have been completed in line with the rapid development of civil aviation and 
major changes in the aviation network and accessibility in the PRC. Although airport development 
policies in the PRC have been discussed with enthusiasm, there is still little evidence on whether 
airport upgrading really stimulates economic development. 

This study examines the economic impact of investment in airport upgrading to increase air traffic 
capacity using an empirical data set in the PRC from 2000 to 2015. The impacts are estimated using 
an analytical framework of difference-in-differences (DID) models, which enable us to identify the 
causal effects of airport upgrading on the regional economy. The results of our empirical study are 
expected to contribute to debates on airport upgrading strategies not only in the PRC but also in 
other developing cities where airport capacity constraints are a major policy issue. 

This chapter is organized as follows: first, models are formulated, including two-time frame DID 
and models with a continuous year frame DID. Next, the data set used for the empirical analysis is 
presented, followed by the results of the model estimates with a discussion of policy implications. 
Finally, the results and further questions are summarized.

5.2 Models

This study uses the DID method in a traditional two-time frame and a continuous-year frame to 
examine the impact of airport upgrading on the city’s economic productivity as measured by gross 
domestic product (GDP) per capita. Since the observed years of airport upgrading vary from airport 
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to airport, DID with the continuous-year frame may be more suitable and accurate to capture the 
short- term upgrading effect. Meanwhile, airport upgrading projects may also affect the regional 
economy over many years. Therefore, the two-time frame DID estimation could also capture the 
long-term economic impact of the airport’s strategic positioning. There are several reasons to believe 
that airport upgrading or its strategy was not randomly assigned to cities. The decision to upgrade 
airports may depend on future strategic positioning and current traffic networking for long- distance 
commuting (Bonnefoy 2008). For cities designated as international or regional hub airports in the 
2007 central government official document, an airport upgrading project is more likely. 

For the DID analysis, cities in the PRC are divided into a treatment group and a control group. 
The treatment group includes the cities with airports where airport upgrading was implemented 
during the study period (from 2004 to 2015), while the control group includes other cities with 
airports. The DID analysis assumes a parallel trend hypothesis, i.e., the dependent variables of 
both treatment and control groups should have the same trend before and during the study period, 
except for an external shock given to the treatment group, i.e., airport upgrading in our study. 
This assumption guarantees a credible result of the causal impact of airport upgrading on the 
treatment groups.

First, the two-time frame model is specified as follows:

 ln𝑦𝑦!" = 𝛽𝛽"#$%"𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇! + 𝛽𝛽"!&$𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇" + 𝛽𝛽'!'𝐷𝐷!" + 𝜽𝜽𝑿𝑿𝒊𝒊𝒊𝒊 + 𝛾𝛾! + 𝜀𝜀!"  (1)

where yit is regional GDP per capita of a city i at year t; Treati is defined as 1 if the airport i belongs 
to the treatment group and 0 otherwise; Timet is defined as 1 if t is 2015 and 0 if t is 2004; Dit is 
defined as Treati ∙ Timet; Xit is a vector of control variables; i is a fixed effect with respect to the 
city; it is the error component; and treat, time, did, and  are unknown coefficients. treat represents 
the treatment effect, which may imply a kind of selection bias; time represents the time effect, 
representing a change over time assuming a parallel trend; and did represents the DID effect, 
representing the effect of airport upgrading, which our study is concerned with. When treat is 
estimated to be significantly positive (negative), the cities with higher (lower) GDP per capita 
tend to be selected as the treatment group. When did is estimated as significantly positive, we can 
conclude that airport upgrading positively affects regional GDP per capita.

Next, the continuous-year frame DID is formulated as follows:

 ln𝑦𝑦!" =%𝛽𝛽'#$%&#,!𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇!
"∈)

∙ 𝑌𝑌𝑌𝑌" + 𝛽𝛽'*!*𝐸𝐸!" + 𝜽𝜽3𝑿𝑿𝒊𝒊𝒊𝒊 + 𝛾𝛾6! + 𝛿𝛿8" + 𝜀𝜀!̃"  (2)

where YB  is 1 if year  belongs to a series of years before the study period T (=2000, 2001, 2002, 
or 2003), and 0 otherwise; Ei  is defined as Treati ∙ YAi  where YAi  is equal to 1 if a year  is after 
the upgrading of the airport at city i, and 0 otherwise; i and  are the fixed effects in terms of city 
and time, respectively;  is the error component; and treat , did , and  are unknown coefficients. 
When  is estimated to be statistically insignificant, it means that there is no difference in 
the dependent variables of the two groups before our study period (from 2004 to 2015). This is 
introduced because DID analysis typically faces the potential problem that a significant difference 
in the dependent variable between the treatment and control groups may be caused by a preexisting 
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difference in the annual trend before policy implementation (Zheng et al. 2017; Sun et al. 2017). 
 measures the DID effect, which represents the effect of airport upgrading in the short run, 

because Ei  is assumed to change from 0 to 1 immediately after the airport upgrading. If the 
estimated DID effect is significantly positive, we can conclude that airport upgrading positively 
affects GDP per capita.

In addition to estimating the above two DID models with the full data set, we also perform 
model estimations with subgroups of our data set and robustness checks to corroborate our 
estimation results.

5.3 Data

An extensive panel data set from 2000 to 2016 in 88 prefecture-level cities in the PRC was originally 
developed to analyze the impact of airport upgrading projects on regional economic growth over 
the past decade. The cities are listed in the Appendix. The data set includes cities that operated 
one or more civilian airports, including for military and civilian purposes, before 2004 and that were 
not temporarily closed for some reasons, such as reorganization and upgrading, during the study 
period. Cities with airports newly opened between 2000 and 2003 were removed from our data set 
because the period from the introduction of the new airports to our evaluation years is too short to 
distinguish the effects of newly introduced airports from those of airport modernization. Note that 
the data set includes cities with airports whose grade index in-flight area is at grade 4C level or 
higher in 2016, as airports ranked below 4C could rarely be used by civil aircraft if there are few 
scheduled flights. See the definition of 4C in the Appendix.

The data set contains information on airport upgrading in each city, such as the year of airport 
upgrading, the type of airport upgrading, and the change in grade index of the flight area. In this 
study, airport upgrading was identified as a physical project that involves a construction phase of 
airport facilities to increase operational capacity. This means that the refurbishment of existing 
facilities is not regarded as airport upgrading. When airport expansion plans in each stage or official 
documents from the Civil Aviation Administration of China (CAAC) are available, especially for 
hub airports and main domestic airports, we specified the year of airport upgrading according to 
these plans. For smaller airports, we gathered airport upgrading information by fully utilizing internet 
resources, news reports, and/or other information provided by airport authorities. It should be noted 
that there is usually a 1–2 year period between the completion of the upgrade and the renewal of 
the license to permit new facilities (terminal, runway). Although it would be ideal to use the year in 
which the new facilities are officially commissioned, we assume the year of project completion as 
the upgrade year, mainly because data on official licensing are not available. If multiple upgrading 
projects were implemented during the study period, the earliest year of project completion is 
assumed to be the upgrade year.

Table 5.1 presents the descriptive statistics of the potential variables used in our empirical analysis. 
Population density represents the population per square kilometer in the main central urban areas. 
A prefecture-level city in the PRC often includes a major urban center (usually with the same name 
as the prefecture-level city) and a larger surrounding rural area with many smaller cities, towns, 
and villages. We used the population and area of the central urban area to measure population 
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density. Secondary industry and tertiary industry represent the share of secondary industry and 
tertiary industry, respectively, in total GDP. College students represent the total number of full-time 
students enrolled in regular higher education institutions. Regular institutions of higher education 
include full-time universities, independently established colleges, colleges, institutions of higher 
professional education, institutions of higher vocational education, and others. Local fixed asset 
investment (LFAI) represents investment in fixed asset projects by all investors in a city. LFAI can be 
a good indicator of how much is being invested. Foreign direct investment (FDI) is defined as foreign 
direct investment as a share of total GDP. Urban road density is defined as the urban road area per 
person. Airport distance is defined as the distance of the road network between an airport and the 
city center. City HSR availability is defined as a dummy variable equal to 1 if HSR service is available 
in city i in 2016, and 0 otherwise. Yearly HSR availability is defined as an annual dummy variable 
equal to 1 if HSR service is available in city i in year t, and 0 otherwise. The city statistics data are 
from the China City Statistical Yearbooks from 2001 to 2017 accessed from the China National 
Knowledge Infrastructure and urban statistical bulletins on local government websites. Airport 
statistics data are from the Statistical Yearbook of Civil Airport published by CAAC. Railroad data 
are from the China Railway Statistical Yearbook.

Table 5.1 first shows that the average regional GDP per capita increased from CNY26,402 in 
2004 to CNY80,895 in 2015, reflecting the rapid economic growth in the PRC. Note that CNY1 
was equivalent to approximately $0.83 in 2004 and to $0.62 in 2015. Second, the average number 
of regional air passengers also increased from 2,285,000 in 2004 to 8,555,364 in 2015. The lowest 
number of air passengers in our study period is 705, while the highest is 94,393,000, which indicates 
the diversity of air traffic demand across regions. Third, the average population density slightly 
decreased from 1,062 in 2004 to 931.0 in 2015. This may be due to suburbanization in cities, 
including the physical extension of urban areas, which may have dispersed geographic distribution 
of the population. Fourth, the average share of secondary industry has decreased from 50.4% in 
2004 to 44.3% in 2015, while the average share of tertiary industry has increased from 43.2% in 
2004 to 51.4% in 2015. This is due to recent changes in the industrial structure of the PRC, which 
has shifted from a manufacturing-oriented economy to a service-oriented economy. Fifth, the 
average number of college students per 100 urban residents soared significantly from 208 in 2004 
to 377 in 2015. The minimum was only 18 in 2015, indicating that educational opportunities still 
vary widely across regions. Sixth, the average LFAI increased significantly from CNY29,530 million 
in 2004 to CNY194,297 million in 2015. The standard deviation has also increased, which means 
that the inequality in regional investment may become greater during the study period. Seventh, 
the average FDI increased from 58,000 in 2004 to 190,510 in 2015. The growth rate of FDI from 
2004 to 2015 was 228.5%, half that of local fixed investment (545.1%). This may indicate that the 
PRC economy has developed mainly through domestic investment rather than foreign investment. 
Eighth, the average urban road density has increased from 8.727 square meters (m2) per person 
to 15.01, reflecting the aggressive investment in road infrastructure improvement during the study 
period. Ninth, the average distance to the airport before and after the upgrading is 16.67 km and 
18.67 km, respectively. This indicates that airport upgrading, including airport relocation and/or the 
introduction of additional airports, was accompanied by the construction of new airports that are 
farther away from the downtown area. This is probably because urbanization in the central areas 
has made it difficult to find suitable land for airport construction near downtown areas. Tenth, 
the average HSR availability in the city is 0.705, which means that 70.5% of the studied airports 
have experienced the introduction of HSR during the study period. Finally, the average annual HSR 
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Table 5.1: Descriptive Statistics of the Data Set

Attribute/Variable (Unit) Observation Mean Std. Dev. Min. Max.
Regional GDP per Capita (CNY)

2000–2016 1,496 47,708 34,499 3,442 237,689
2004 88 26,402 15,686 3,442 86,523
2015 88 80,895 34,866 19,808 195,792

Air Transportation Passenger (persons)
2000–2016 1,496 4,267,833 9,102,607 704 94,393,000
2004 88 2,285,000 4,877,000 7,191 34,883,190
2015 88 8,555,364 14,120,000 212,658 89,939,000

Population Density (person/km2)
2000–2016 1,496 1,097 963 50.48 11,449
2004 88 1,062 856.2 51.37 4,765
2015 88 931.0 668.1 56.19 3,406

Secondary Industry (%)
2000–2016 1,496 48.0% 11.3% 14.4% 90.1%
2004 88 50.4% 11.8% 20.8% 86.4%
2015 88 44.3% 10.4% 17.1% 66.2%

Tertiary Industry (%)
2000–2016 1,496 46.7% 11.0% 7.90% 79.6%
2004 88 43.2% 9.98% 12.0% 65.7%
2015 88 51.4% 11.2% 27.5% 79.6%

College Students (persons per 100 urban population)
2000–2016 1,496 254.0 279.6 0 1,294
2004 88 208.1 210.1 8.123 842.1
2015 88 377.0 370.7 18.18 1,294

Local Fixed Asset Investment (CNY million)
2000–2016 1,496 81,164 126,988 589.4 1,304,800
2004 88 29,530 38,021 1,315 247,480
2015 88 194,297 228,889 6,539 1,304,800

Foreign Direct Investment ($10,000)
2000–2016 1,496 107,211 201,899 25 3,082,563
2004 88 58,000 88,485 45 379,917
2015 88 190,510 322,779 148 2,113,444

Urban Road Density (m2 per person)
2000–2016 1,496 10.97 6.612 0.380 64
2004 88 8.727 5.980 2 44
2015 88 15.01 7.280 1.780 54.24

Airport distance before upgrading (km) 88 16.67 11.95 1 75
Airport distance after upgrading (km) 88 18.67 12.01 2 75
City HSR availability (0/1) 88 0.705 0.456 0 1
Yearly HSR availability (0/1) 1,496 0.151 0.358 0 1

GDP = gross domestic product, HSR = high-speed rail, km = kilometer, m = meter, Std. Dev. = standard deviation.
Source: Authors’ estimation, based on China City Statistical Yearbooks from 2001 to 2017 accessed by China National Knowledge 
Infrastructure; urban statistical bulletins of the local government websites; Statistical Yearbook of Civil Airport; and China Railway 
Statistical Yearbook.
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availability is 0.151, indicating that the HSR network has been well developed in the PRC in many 
years during our study period. Note that the first HSR service between Beijing and Tianjin was 
introduced on 1 August 2008.

Figure 5.1 illustrates the relationship between regional GDP per capita and regional air passengers 
in 2004 and 2015, showing that air passengers tend to have a positive relationship with regional 
GDP per capita and that regional GDP per capita is higher in 2015 than in 2004, even with the same 
volume of air passengers. This could be due to the fact that better economic activities require higher 
demand for air transport services or vice versa.

Figure 5.1: GDP per Capita Versus Air Passengers in 2004 and 2015

GDP = gross domestic product.
Source: Authors’ estimation, based on the China City Statistical Yearbooks and Statistical Yearbook of Civil Airport.
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5.4 Results

Estimation Results of DID Models

Table 5.2 summarizes the treatment and control groups in our data set, including HSR availability 
in each group. Note that all hub airports and the main domestic airports have experienced airport 
upgrading. First, this shows that two-thirds of cities in our data set experienced airport upgrading 
during the study period. This reflects the recent rush to expand airport capacity in response to 
rapid growth in air transportation demand at many airports in the PRC in recent decades. Second, 
this also shows that over 70% of the cities in our data set are connected to HSR transportation 
services. This could mean that cities with civilian airports have sufficient intercity travel demand to 
be connected to both air and HSR services. Third, it also shows that the proportion of cities with 
HSR services is higher in the treatment group than in the control group. This is probably because the 
cities with airport upgrading projects have seen such an increase in demand for intercity travel that 
HSR services are also required, along with an increase in airport capacity.

Table 5.2: Treatment and Control Groups in Data Set

City HSR 
Availability

Airport Upgrading Project
TotalYes (Treatment) No (Control)

1 41 19 60
0 16 12 28

Total 57 31 88

HSR = high-speed rail.
Source: Authors’ estimation, based on the data collected from the Statistical Yearbook of Civil 
Airport and China Railway Statistical Yearbook.

Table 5.3 shows the estimation results of the models with two-time frame DID and continuous- year 
frame DID. In the two-time frame DID analysis, model T1 assumes no control variable but 
incorporates the city fixed effects, and model T2 adds control variables in addition to model T1. 
In the continuous DID analysis, models C1 and C2 assume only the city and year fixed effects, 
while models C3, C4, and C5 include the control variables. As for the models with two-time frame 
DID, the R2s of models T1 and T2 are 0.49 and 0.80, respectively, which means that model T2 
has significantly better model performance than model T1. This suggests that the covariates in the 
two-time frame DID are working. The estimation results of model T2 first show that the estimate of 
Treat is significantly negative, which means that the regions that experienced the airport upgrading 
had lower regional GDP per capita than the regions that did not experience it. This may indicate 
that the airport upgrading was implemented in the poorer regions to boost their economies in the 
PRC. Second, the results show that the value for Time is estimated to be significantly positive. 
This reflects the economic growth in the PRC. Third, the College Students variable is estimated to 
be significantly positive. This is reasonable because more students in higher education could help 
provide skilled labor, which should increase economic productivity. Fourth, both secondary industry 
and tertiary industry are estimated to have a significant positive relationship with regional GDP per 
capita. This is because both industries should lead to better economic performance than agriculture. 
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Fifth, local fixed investment and urban road density are also estimated to be significantly positive. 
They are also reasonable because both should contribute to regional capital, which is expected to 
increase economic productivity (Hu, Gan, and Gao 2012; Yu et al. 2012). Finally, the DID effect 
is estimated to be significantly positive. This means that airport upgrading significantly increases 
regional GDP per capita when controlling for covariates. 

As for the continuous-year frame DID models, the R2s of models C3, C4, and C5 are significantly 
better than those of models C1 and C2. Thus, models C3, C4, or C5 are preferable to the other 
models in terms of model fit. This also indicates that the covariates should be incorporated into the 
model for model performance. The estimation results of model C5 show that Treat ∙ YB is estimated 
to be statistically insignificant in 2000, 2002, and 2003, but significant in 2001. An F-test is then 
conducted to examine the significance of introducing a set of interaction terms related to the 
treatment dummy and the year dummy. The p-value is 0.499, which means that a set of Treat ∙ YB 
in model C5 is insignificant. Thus, we conclude that the trend of the treatment group is indifferent 
from that of the control group, which supports the parallel trend assumption. The estimation 
results of models C3, C4, and C5 show that local fixed asset investment and urban road density are 
estimated to be significantly positive, which is the same as the results in the two-time frame DID 
models. They are quite reasonable. The estimation results of models C3 and C4 show that secondary 
industry and tertiary industry are also estimated to be significantly positive. The results of model C4 
also indicate that air passengers have significant positive association with GDP per capita. This is 
likely because one of the basic motivations of airport upgrading is to meet air traffic demand. This 
is also consistent with past empirical work on the causal effects of air traffic on regional economies 
in developed countries (Button and Lall 1999; Bel and Fageda 2008; Blumenthal, Wolman, and Hill 
2009; Baker, Merkert, and Kamruzzaman 2015). 

Past studies have also shown the importance of air travel in a more services-oriented economy 
(Brueckner 2003). As discussed earlier, the economic trend in the PRC is that the service industry 
is gradually replacing the manufacturing industry. In addition, the increasing size of airports may be 
linked to urban growth (Sheard 2014; Button and Lall 1999). A hub airport with large passenger 
traffic, also plays a role in promoting economic activities. Finally, the DID effect, represented by 
coefficient E, is again estimated to be significantly positive in models C3 and C5. Overall, the above 
estimation results suggest that airport upgrading significantly increased GDP per capita by 11.0% to 
12.2% from the year before upgrading to the year after upgrading. The evidence from the two-time 
frame and the continuous-year analyses may imply that the positive impact of airport upgrading on 
the regional economy occurs shortly after the upgrading projects and may continue for many years 
after the upgrading projects.
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Table 5.3: Estimation Results of DID Models

Variable Two-Time Frame DID Continuous-Year Frame DID
Model Model T1 Model T2 Model C1 Model C2 Model C3 Model C4 Model C5
Treat 0.312** –0.177*

(0.15) (0.09)
Time 1.125*** 0.365**

(0.24) (0.17)
Treat * YB2000 –0.087

(–0.04)
Treat * YB2001 –0.073*

(–0.04)
Treat * YB2002 –0.058

(–0.04)
Treat * YB2003 –0.048

(–0.03)
D 0.274 0.443**

(0.26) (0.20)
E 1.102** 0.122*** 0.110**

(0.05) (0.02) (0.04)
Air passengers 0.542*** 0.028**

(–0.01) (0.01)
College students 0.155*** 0.051 0.082 0.054

(0.05) (0.06) (0.06) (0.06)
Population density –0.043 –0.007 –0.009 –0.014

(0.07) (0.023) (0.023) (0.030)
Secondary industry 4.617*** 2.055*** 1.998*** 2.079

(0.91) (0.35) (0.35) (1.35)
Tertiary industry 3.699*** 1.545*** 1.505*** 1.535

(0.90) (–0.37) (0.37) (1.34)
Local fixed asset investment 0.147*** 0.162*** 0.129** 0.162***

(0.05) (0.05) (0.05) (0.05)
Foreign direct investment –0.026 –0.012 –0.009 –0.011

(0.04) (–0.01) (–0.01) (–0.01)
Urban road density 0.366*** 0.202*** 0.201*** 0.200***

(0.08) (0.03) (0.03) (0.06)
F-test 0.499
Year fixed effect Yes Yes Yes Yes Yes
City fixed effect Yes Yes Yes Yes Yes Yes Yes
R-squared 0.49 0.80 0.31 0.70 0.91 0.90 0.91
Observations 176 176 1,496 1,496 1,496 1,496 1,496

Notes: 
(i) *, **, and *** indicate statistical significance at 10%, 5%, and 1% levels, respectively; parentheses represent the standard errors.
(ii) D = variable defined in equation (1); DID = difference-in-differences; E = variable defined in equation (2); and YB = variable defined in 
equation (2).
Source: Authors’ estimation.
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Differences of Economic Impacts from Airport Upgrading by Airport Size

Although the analysis demonstrated a positive impact of airport upgrading on regional economic 
productivity, the DID effect was assumed to be the same for all airports once airport upgrading 
was implemented. However, the economic impact of airport upgrading can vary depending on 
the size of the airports. In the PRC, expansion and/or modernization projects at hub airports and 
major domestic airports are well supported by the public as they are believed to lead to significant 
positive economic impacts as part of the hub-and-spoke strategy of the air transport network, while 
projects at branch airports have often led to major political disputes as they have sometimes had 
poor economic impacts and resulted in chronic losses. In order to study the differentiated effects of 
modernization between two types of airports, the economic impact of airport upgrading on regional 
GDP per capita is further estimated using the data of two subgroups according to the classification 
of the grade index of the airport’s flight area: one is a lower subgroup that includes small branch 
airports (rank 4C or 4D, as of 2016) that are mainly responsible for a limited number of domestic 
airlines; the other is a higher subgroup that includes airports (rank 4E or 4F, as of 2016) that are 
allowed to land and take off dual-channel aircraft without restriction, which greatly increases 
capacity and operational efficiency. See the details of the definitions for 4C, 4D, 4E, and 4F in the 
Appendix.

Table 5.4 shows the results of the estimation with the models for the continuous-year frame DID. 
Models L1 and L2 show the results estimated with the lower subgroup data with and without the 
covariates, respectively, while models H1 and H2 show the results estimated with the upper subgroup 
data with and without the covariates, respectively. The results in the lower subgroup show that the 
estimated DID effect is significantly positive. The increase in regional GDP per capita due to branch 
airport upgrading is estimated to be about 16%, which is about 4% higher than the coefficient estimated 
with model C3 and 5% higher than that with model C5, as shown in Table 5.3. Meanwhile, the results in 
the higher subgroup show that the DID effect is insignificant. Finally, the estimation results show that a 
set of Treat ∙ YB is estimated insignificantly in the lower subgroup. This suggests that regional GDP per 
capita in the treatment group is indifferent to that in the control group, supporting the assumption of a 
parallel trend. In the higher subgroup, however, they are estimated to be significantly negative, which 
means that regional GDP per capita is significantly negative, implying that regional GDP per capita 
is significantly lower in the treatment group than in the control group in 2000–2003. This may imply 
that airport upgrading was carried out at the cities with lower regional GDP per capita at higher-ranked 
airports. The results may also indicate that the estimated coefficients of Treat ∙ YB vary within a fairly 
narrow range of –0.240 to –0.177. This might suggest that the gap between the treatment and control 
groups is quite stable during 2000–2003. From this, we could also conclude that the parallel trend 
assumption is only weakly supported even in the higher subgroup.

In summary, we conclude that the economic impact of airport upgrading is significantly positive for 
smaller branch airports, but insignificant for larger airports. This may be because the marginal impact 
of airport upgrading decreases as the size of the airport increases. This may be quite unexpected 
compared with previous debates in the PRC that hub airports are more likely to have significant 
impacts than rural airports.
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Table 5.4: Continuous-Year Frame DID Models Estimated with Two Subgroups

Lower Subgroup Higher Subgroup
Model L1 Model L2 Model H1 Model H2

Treat * YB2000 –0.168 –0.168 –0.240* –0.240*
(0.10) (0.10) (0.12) (0.12)

Treat * YB2001 –0.114 –0.072 –0.181** –0.179**
(0.08) (0.07) (0.07) (0.08)

Treat * YB2002 –0.084 –0.011 –0.192*** –0.177**
(0.07) (0.07) (0.06) (0.07)

Treat * YB2003 –0.092 –0.021 –0.198*** –0.194***
(0.05) (0.05) (0.05) (0.07)

E 0.150** 0.161*** 0.02 0.035
(0.07) (0.059) (0.05) (0.039)

Population Density –0.017 –0.082
(0.029) (0.069)

Secondary Industry 1.676 7.941***
(1.437) (2.625)

Tertiary Industry 0.924 7.625***
(1.417) (2.475)

College Students 0.02 0.017
(0.092) (0.038)

Local Fixed Investment 0.065 0.100**
(0.083) (0.043)

Foreign Direct Investment 0.021 0.028
0.014 0.021 

Urban Road Density 0.234*** 0.075
(0.069) (0.077)

F-test
City Fixed Effect Yes Yes Yes Yes
Year Fixed Effect Yes Yes Yes Yes
R-squared 0.88 0.88 0.94 0.95
Number of Cities 50 50 38 38

DID = difference-in-differences. 
Notes: 
(i) *, **, and *** indicate statistical significance at the 10%, 5%, and 1% levels, respectively.
(ii) E = variable defined in equation (2), and YB = variable defined in equation (2).
Source: Authors’ estimation.
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Robustness Analysis

The timing effect of policy implementation could significantly affect estimation results with 
econometric modeling, as Moser and Voena (2012) point out. Counterfactual regression analysis is 
also conducted using data from 2000 to 2012 to test the robustness of the DID effect, by following 
Shao, Tian, and Yang (2017) and Moser and Voena (2012). For this robustness test, we artificially 
assume that the years of airport upgrading from 2004 to 2015 were 4 years earlier than the actual 
years. Since the new year of airport upgrading that we artificially set in our robustness test is wrong, 
it is expected that the estimation results with the wrong data set should be insignificant. Table 5.5 
shows the results of the counterfactual tests with the pooled data set and the lower subgroup, both 
of which showed significant DID effects in the earlier analyses, as shown in Tables 5.3 and 5.4. This 
shows that the effect of airport upgrading is statistically insignificant in either model, confirming the 
economic effect of branch airport upgrading on regional economies.

Table 5.5: Results of Counterfactual Tests with Pooled Data Set and Lower Subgroup Data

All Samples Lower Subgroup
E 0.051 0.086

(0.029) (0.06)
College Students 0.021 0.015

(0.066) (0.10)
Population Density –0.007 –0.011

(0.040) (0.03)
Secondary Industry 2.003 1.680

(1.359) (1.46)
Tertiary Industry 1.47 0.878

(1.354) (1.45)
Local Fixed Asset Investment 0.093* 0.061

(0.053) (0.09)
Foreign Direct Investment 0.021 0.014

(0.066) (0.097)
Urban Road Density 0.198*** 0.243***

(0.061) (0.07)
Year Fixed Effect Yes Yes
City Fixed Effect Yes Yes
R-squared 0.70 0.75
Observation 1,496 1,496

Notes:
(i) *, **, and *** indicate statistical significance at the 10%, 5%, and 1% levels, respectively; parentheses represent the standard errors.
(ii) E = variable defined in equation (2). 
Source: Authors’ estimation.
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5.5 Discussion

As shown earlier, our empirical study found that airport upgrading generally has a positive 
impact on regional economies. Through further analysis, we conclude that airport upgrading has 
significant positive effects on the regional economy for smaller airports, but not for larger airports. 
What factors then influence the positive economic impact of airport upgrading? To investigate this, 
we additionally estimate new models based on model C3, where the DID effect is structured by 
introducing interaction terms. Airport distance and HSR availability are included in the interaction 
term with the DID effect. It is hypothesized that the DID effect is stronger when the accessibility of 
the airport is better, while it is weaker when the HSR is available. 

The estimation results are summarized in Table 5.6. First, the estimation results of model C3-a 
indicate that E*Airport Distance has a significant negative association with regional GDP per 
capita. That is, the DID effect becomes smaller when the airport is farther from the downtown 
area. This is quite plausible, as it is expected that airport upgrading at the urban fringe has more 
economic impact than in non-urban areas, mainly due to better agglomeration effects in urban 
areas. This could suggest that the economic impact of the airport system is unlikely to work 
without the support of the urban environment, as shown by Appold (2015). The results may also 
indirectly suggest the pivotal role of airport ground access, along with airport capacity expansion, 
in characterizing airport- led economic development (Murakami, Matsui, and Kato 2016) in cities 
with an airport located far from the city center. 

Table 5.6: Estimation Results of Model C3 with Interaction Terms

Model C3-a Model C3-b Model C3-c
E 0.174** (0.087) 0.233** (0.095) 0.120** (0.049)
E * Airport Distance –0.006* (0.004)
E * City HSR Availability –0.155* (0.093)
E * Yearly HSR Availability –0.005 (0.051)
College Students 0.025 (0.062) 0.034 (0.060) 0.023 (0.064)
Population Density 0.001 (0.039) 0.002 (0.039) 0.001 (0.040)
Secondary Industry Ratio 1.852 (1.365) 1.784 (1.356) 1.906 (1.360)
Tertiary Industry Ratio 1.397 (1.358) 1.318 (1.350) 1.440 (1.352)
Local Fixed Investment 0.110** (0.049) 0.098** (0.048) 0.110** (0.049)
Foreign Direct Investment –0.009 (0.012) –0.008 (0.012) –0.008 (0.012)
Urban Road Density 0.181*** (0.053) 0.176*** (0.051) 0.189*** (0.056)
Year Fixed Effect Yes Yes Yes
City Fixed Effect Yes Yes Yes
R-squared 0.46 0.46 0.46
Observations 1,496 1,496 1,496

Notes: *, **, and *** indicate statistical significance at the 10%, 5%, and 1% levels, respectively. The numbers in parentheses represent the 
standard errors. E = variable defined in equation (2).
Source: Authors’ estimation.



89Economic Impacts of Airport Upgrading on the Regional Economy

Next, the estimation results of model C3-b show that E*City HSR availability is estimated to be 
significantly negative. This suggests that the effect of airport upgrading on the regional economy is 
more remarkable in cities where HSR has not yet been introduced than in cities where HSR has been 
introduced. This is because the cities where HSR has been introduced tend to be large cities with 
higher-ranked airports, which could have a less significant effect, as shown earlier. 

Finally, the estimation results of model C3-c show the insignificance of E*Yearly HSR availability, 
suggesting that the effect is not significantly affected by HSR availability. This may be unexpected 
since we hypothesized that the economic impact of airport upgrading decreases when HSR, 
another competitive interregional transportation service, is available. The independence of the 
economic impact of airport upgrading from HSR availability is probably because the impact 
mechanism of airport upgrading is different from that of HSR. The impact of airport upgrading 
may affect air- transportation- related industries or high-productivity industries that cover 
the global market, such as finance and insurance businesses, while the impact of HSR may 
affect medium-productivity industries that cover the domestic market, such as real estate, 
manufacturing, and service businesses.

5.6 Conclusion

This study empirically examined the impact of airport upgrading on regional economies using the 
DID method. The data set includes 88 cities with operating airports in the PRC and covers the 
period from 2000 to 2015. The two-time frame DID models and continuous-year frame DID 
models are employed to investigate the DID effect. A counterfactual test based on the upgrade year 
reset supports our main findings. This study reaches three main conclusions. First, the estimation 
results of the baseline models containing all sample cities showed that regional GDP per capita could 
be increased by 11.0% to 12.2% by upgrading the airports. Second, further estimation of models with 
two subgroups of larger and smaller airports showed that DID effects are significantly estimated in 
regions with smaller airports, but insignificant in regions with larger airports. These results suggest 
that the investment of branch airports in poorly developed regions could contribute to economic 
development despite their chronic losses. Third, in the discussion section, we find further evidence 
that airport location contributes to the distributional effects of airport upgrading on the urban 
economy, suggesting the importance of integrating airport planning with urban planning and 
comprehensive transportation planning. The additional analysis also found that HSR may not affect 
the economic impacts of airport upgrading.

Although this study did not find significant impacts of upgrading larger airports, upgrading larger 
airports cannot be described as unattainable. The caveat of this research is that we ignore the 
microscopic productivity effects of airport upgrading. For example, the airport side will generate 
employment sectors and economic activities around the airport to improve industrial productivity 
when the airport becomes larger after upgrading. Larger airports are more prominent than small 
airports in these aspects. Similarly, the hub-and-spoke air system will also promote air-related 
industrial agglomeration toward the city with larger airports and improve productivity. Therefore, 
in addition to improving accessibility, cities with larger airports could also experience positive 
spillover effects from improvements in air industrial productivity after airport upgrading and from 
industrial agglomeration emanating from surrounding cities as the airport becomes larger and 
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predominant. Such analyses go beyond our research and suggest that our findings are more likely 
due to macro- level improvements in economic productivity. Another issue may be understanding 
the dynamics of airport upgrading impacts. Although our study showed that economic impacts 
occur immediately after airport upgrading and are likely to last for many years, it did not examine 
the time lag of economic impacts. This could be analyzed empirically with further models using the 
data. We await future research to learn more about the impact of airport upgrading on productivity 
improvement in developing economies such as the PRC.
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Appendix 5.1: Cities and Their Regions in the Data Set

Table A5-1: Cities and Their Regions in the Data Set

City Region
Beijing Eastern
Guangzhou Eastern
Shenzhen Eastern
Chengdu Western
Kunming Western
Xi’an Western
Hangzhou Eastern
Chongqing Western
Xiamen Eastern
Wuhan Central
Changsha Central
Nanjing Eastern
Qingdao Eastern
Dalian Northeastern
Haikou Eastern
Shenyang Northeastern
Zhengzhou Central
Urumqi Western
Harbin Northeastern
Jinan Eastern
Tianjin Eastern
Guiyang Western
Fuzhou Eastern
Guilin Western
Wenzhou Eastern
Taiyuan Central
Nanning Western
Ningbo Eastern
Nanchang Central

City Region
Changchun Northeastern
Hefei Central
Hohhot Western
Lanzhou Western
Yinchuan Western
Lijiang Western
Wuxi Eastern
Yantai Eastern
Quanzhou Eastern
Zhuhai Eastern
Xining Western
Shijiazhuang Eastern
Shantou Eastern
Zhangjiajie Central
Baotou Eastern
Weihai Eastern
Yichang Central
Yulin Western
Jinhua Eastern
Changzhou Eastern
Hulunbuir Western
Taizhou Eastern
Xuzhou Eastern
Beihai Eastern
Zhoushan Eastern
Zhanjiang Eastern
Changzhi Western
Liuzhou Western
Linyi Eastern

City Region
Lianyungang Eastern
Huangshan Central
Mianyang Western
Mudanjiang Northeastern
Jingdezhen Central
Changde Central
Luoyang Central
Nantong Eastern
Yibin Western
Luzhou Western
Pu’er Western
Ganzhou Central
Jiamusi Northeastern
Chifeng Western
Yancheng Eastern
Xiangyang Central
Baoshan Western
Nanyang Central
Quzhou Eastern
Qiqihar Northeastern
Wuhai Western
Lincang Western
Weifang Eastern
Tongliao Western
Nanchong Western
Fuyang Eastern
Jiayuguan Western
Dongying Eastern
Anqing Central

Source: Authors.
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Appendix 5.2: Aerodrome Reference Code

One of the methods used to categorize airports is the maximum size of aircraft for which the airport 
is designed. This study follows the definitions of the Aerodrome Reference Code given by the 
International Civil Aviation Organization (ICAO).

Table A5-2: Definitions of Aerodrome Reference Code for 4A to 4F

Numeric 
Number

Code 
letter

Wingspan 
(meter)

Outer main gear 
wheel span (meter) Typical aircraft

4 A < 15 < 4.5 PIPER PA–31/CESSNA 404 Titan
B 15–24 4.5–6 BOMBARDIER Regional Jet CRJ-200/ 
C 24–36 6–9 BOEING 737-700/AIRBUS A-320/EMBRAER ERJ 190–100
D 36–52 9–14 B767 Series/AIRBUS A–310
E 52–65 9–14 B777 Series/B787 Series/A330 Family
F 65–80 14–16 BOEING 747–8/AIRBUS A–380-800

Source: International Civil Aviation Organization.
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Chapter 6

Survival Analysis of Airport 
Upgrade Intervals: Evidence from 
the People’s Republic of China

6.1 Introduction

In the People’s Republic of China (PRC), about 4 billion domestic trips and over 100 million 
international trips were made in 2015 (Liu 2016). They continue to grow the fastest, accounting for 
21.6% of the total increase in global air passenger traffic from 2015 to 2016 (ACI 2017). Meanwhile, 
the PRC has developed an extensive international air route network with 844 routes connecting 
167 cities in 61 countries (CAAC 2018), and it is expected to expand further. Despite the prospects 
of continuing security concerns, economic uncertainties, and fierce traffic market competition from 
high-speed railways (HSR) in the PRC’s domestic intercity transportation market, a little deviation 
from this upward trend in air traffic demand is anticipated. About 1 billion passengers are forecast 
to travel through airports in the PRC annually by 2022. In line with the strong growth in air traffic 
demand, there has been extensive investment in airport infrastructure, including the introduction 
of new airports and the expansion of existing airport facilities in the PRC. These airport investments 
have been made primarily to meet rapidly growing demand, but more recently to boost regional 
economic growth. This is because airports are expected to directly and indirectly create local jobs 
related to supporting airport operations, and this could lead to better economic performance in 
nearby regions, in addition to directly facilitating better quality interregional business/leisure travel 
and cargo transportation as the critical gateways of the global air traffic network (Brueckner 2003; 
Wu, Liang, and Wu 2016). In reality, the Civil Aviation Administration of China (CAAC) has 
emphasized airport upgrading projects, such as enhancing the capacity of existing airports, rather 
than increasing the number of airports in the country.

This chapter focuses on the Airport Upgrade Project (AUP). The AUP primarily refers to the 
construction of new facilities, such as terminal buildings and runways, at existing airports to provide 
additional space for future traffic demand. In the late 1990s, many airport authorities began 
using AUPs to expand capacity. In the 2000s, anticipated growth in air transportation demand 
required further new investment in stand-alone terminals to accommodate customs, entry and 
exit procedures, and runways to accommodate large-scale aircraft operations for long-haul flights. 
This trend continues in the PRC. The 11th Five-Year Plan (2006–2010) for National Civil Aviation 
proposed 78 AUPs, while the 12th Five-Year Plan (2011–2015) proposed 101 AUPs. 

Many studies have examined a linkage between airport investments and their outcomes, such 
as impacts on regional economies and employment agglomeration. However, few studies have 
highlighted the potential factors that influence airport investments. AUPs could be motivated by 
factors such as urbanization structure changes in sociodemographic characteristics of cities, and 
growth in air traffic demand. It is a simple fact that an airport built more recently tends to be located 
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far from the center of the metropolitan area it serves (Rodrigue 2017). This may reflect the physical 
expansion of urban areas, which has led to changes in the availability of space or the geographic 
distribution of population and influenced the process of airport investment. Although it is highly 
likely that airport planning and development are related to urban development, these factors have 
rarely been studied.

This study attempts to analyze a relationship between the socioeconomic characteristics of cities 
and the time intervals for airport upgrade, using historical data of airport development in the 
PRC. It focuses on the authorities’ decision on airport upgrades in the face of local characteristics 
that change over time in terms of urban and airport development. The remainder of this chapter 
proceeds as follows. The next section provides a literature review on airport development. 
A statistical model is then developed to explain an airport upgrade interval assuming analogy to 
survival models, followed by the development of the data set used for model estimation. Then the 
empirical analysis is presented with a discussion of the results. Finally, conclusions and further 
perspectives are presented.

6.2 Literature Review

Many studies have examined the relationship between airport development and related factors. 
First, the impact of airports on regional economies has been well studied by many researchers 
such as Baker, Merkert, and Kamruzzaman (2015); Marazzo, Scherre, and Fernandes (2010); 
Bilotkach (2015); and Bel and Fageda (2008). The consensus of these studies is, not surprisingly, 
that airports have positive impacts on regional GDP, income growth in neighboring regions, increase 
in business establishments and headquarters, or promotion of a service-oriented economy in 
surrounding regions. However, there are few studies that empirically demonstrate the reverse effect, 
i.e., the impact of urban and/or regional factors on airport development, although urbanization and 
regional characteristics could influence airport-related development, including airport expansion. 
There are also many studies that focus the social impacts of airport externalities. Airports introduced 
in the 1980s or earlier were generally located on the periphery of cities. After the 2000s, they 
were surrounded by suburbs following the rapid expansion of the urbanized area. This has led to 
social problems as more people who have migrated from rural areas to the outskirts of cities have 
suffered negative externalities from airports such as aircraft noise and air pollution (Rodrigue 2017). 
Some studies have provided empirical evidence of the negative externalities of airports. 
For example, Feitelson, Hurd, and Mudge (1996) reported the effects of aircraft noise caused 
by airport expansion on people’s willingness to pay for their residence. These studies extensively 
emphasized the social impact of airport externalities on residential and traffic planning around 
airports. However, the reverse effect has rarely been highlighted, even though airport externalities 
would encourage airport modernization, including relocation of airports and/or reallocation of 
air operations by introducing the multi-airport system to minimize the negative externalities of 
urban airports.

Meanwhile, some researchers have recently emphasized the integrated development of airports 
with neighboring areas, rather than only the development of airports. This reflects the recent 
practice of strategically planning some airport regions to promote linkages between the airport and 
its neighboring regions, including airport-related services and businesses (Smit, Koopman, and 
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Faber 2013). This creates a form of metropolitan development known as the “aerotropolis” 
(Rodrigue 2017). The concept of the airport city or aerotroplis has already been accepted in 
some developed countries, where busy city airports act as functional centers of large metropolitan 
areas, creating jobs for passengers and serving frequent travelers (Appold 2015; Brueckner 2003). 
For example, Appold and Kasarda (2013) have shown that employment in areas less than 2.5 miles 
from major US airports accounts for about 50% of employment in areas less than 2.5 miles from 
the central business district (CBD) of their respective cities. The PRC has also proposed a number 
of AUPs that follow the aerotropolis concept. For example, the authority has officially approved a 
development project for the Zhengzhou Airport Economic Zone along with the second-phase of 
expansion of the Xinzheng International Airport, formally establishing the first national economic 
zone (Kasarda and Lindsay 2011). This is expected to improve the match between airline business 
and airport-related industries through skilled labor and develop an industrial chain that attracts air 
travelers and other service sectors. It is debatable whether airport cities are anchored by airport 
size or city size (Cidell 2014). One of the remarkable findings is that the share of metropolitan 
employment in areas less than a mile away from top US airports is negatively related to the distance 
of airports from CBDs, but not to the size or the relative amount of air traffic to the metropolitan 
population (Appold 2015). These results may suggest that urban land use patterns, such as 
employment suburbanization, influence the scale and/or size of airport cities and provide the basis 
for further information on the trend toward airport-urban integration.

In addition, airport ground access has also been highlighted as a means for the first-/last-mile trips 
to/from airports, as more and more airports have recently been built in areas that are far from CBDs. 
However, airport ground access is increasingly seen as one of the major regional/ social problems 
in many countries due to its negative impacts in terms of traffic congestion and environmental 
degradation (Humphreys et al. 2005). As private vehicle use continues to dominate airport 
access/ egress trips in many developed countries (Humphreys and Ison 2005), public transportation 
for airport access is expected to reduce the environmental impact of airport access/ egress trips 
while meeting growing consumer demand in terms of environmental sustainability (Budd, Ison, and 
Budd 2016). Loo (2008) has also empirically shown that airport ground access is one of the 
most important airport level-of-service (LOS) attributes for passengers’ choice of airport. 
However, airport ground access has not been well studied in the context of airport development 
decision- making, although airport relocation should be determined to provide a balance between 
acceptable externalities and accessibility to the urban core (Rodrigue 2017). 

In summary, many airport-related studies have analyzed the economic impacts of airport 
development, the negative externalities of airport operations, the expected impacts of the airport 
city, and the impacts of introducing ground access to the airport. However, few studies have shed 
light on the supply side of airport investment: what factors affect airport investment? This study 
attempts to fill this gap with a case study of airport development in the PRC.
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6.3 Model

This study analyzes airport upgrades in the PRC using historical data and survival analysis. Survival 
analysis is usually applied in the field of epidemiology, but recently it has been extended to other 
research areas, such as the analysis of the life span of bridge structures. This study assumes an 
analogy with epidemiology, in which a human subject corresponds to an airport. In contrast, the 
death of a human being corresponds to the airport upgrade as an affected event. 

The survival model can be divided into two parts: survival curve fitting and risk factors of modeling. 
The first part involves the use of a Kaplan–Meier (KM) estimator to estimate a survival curve, and 
the second part involves a quantitative analysis using a Cox model with time-varying covariates. 
In this study, a Cox regression model is used to assess the relationship between urban characteristics 
and airport upgrades. First, let Xi = {Xi1. … ,Xip } be the values of the covariates of subject i, then a 
traditional Cox regression model has the form:

 λ(t|X!) = 𝜆𝜆"(𝑡𝑡) exp-𝛽𝛽#𝑋𝑋$# +⋯+𝛽𝛽%𝑋𝑋$%2 = 𝜆𝜆(𝑡𝑡) exp-∑𝛽𝛽&𝑋𝑋'2 = 𝜆𝜆"(𝑡𝑡) exp(𝛽𝛽(𝑋𝑋)  (1)

Traditional survival models can be viewed as consisting of two parts: the underlying baseline hazard 
function, often denoted 0 (t), describing how the risk of an event per time unit changes over time 
at baseline levels of covariates, and the effect parameters exp ( ’ X), describing how the hazard 
varies in response to explanatory covariates. A partial likelihood function shown in equation (2) 
is maximized to estimate the unknown coefficient vector :

 L(β) =&'
exp{𝛽𝛽!𝑍𝑍"(𝑋𝑋")}

∑ exp1𝛽𝛽!𝑍𝑍#(𝑋𝑋$)2{#∈'()!)}
3
,!-

"./

  (2)

In our case, the events in question may occur multiple times for a single subject, and the covariates 
also vary over time. Most Cox models in medical research assume that an endpoint of death occurs 
only once during a disease-recovery process. In the case of airports, however, there is no event of 
death as in the case of a human being. Note that death should be a unique and once-in-a-lifetime 
event. However, in the case of infrastructure such as airports, multiple events usually occur during 
their lifetime, such as facilities upgrades. Therefore, the consideration of multiple events can play a 
significant role in the empirical analysis of infrastructure. 

There are several approaches to dealing with multiple events in the analysis. A simple way to 
implement the analysis follows the counting process approach (Andersen and Gill 1982). The basic 
assumption is that all event types are equal or indistinguishable. In this way, the problem can be 
reduced to the analysis of time to first event, time to second event, and so on. Therefore, the risk 
set at time t for the event contains all subjects who are still under observation (i.e., whose ages 
are larger than t at the beginning of time t. Among the various model specifications, this study 
applies the Gap model (Shu and Schaubel 2016), in which the Cox model measures the time to 
each upgrade from the occurrence of a previous event. This model assumes that the clock is set 
to zero after each failure, which means that the Gap model can manage the time interval of the 
airport upgrade.
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In this study, the event is assumed to refer to every airport upgrade since opening. In contrast, 
the risk (hazard) of an event per time represents the probability that an upgrade will occur at that 
time, as time since the last event is measured. The Cox model with time-dependent covariates, 
which examines the timing of the upgrade since the last upgrade in response to the explanatory 
characteristics, is necessary. The Cox model with time-dependent covariates is specified as below:

 
													λ#t%X(t)) = λ!(𝑡𝑡) exp#𝛽𝛽"𝑋𝑋(𝑡𝑡))	

= 𝜆𝜆!(𝑡𝑡)exp	(∑𝛽𝛽#𝑋𝑋#(𝑡𝑡)) 
 (3)

The hazard at time t depends only on the covariates at the corresponding time t, i.e., X(t). 
Note that the regression effect of X(t) is constant  over time. The advantage of the Cox model 
with time- dependent covariate is that the model can compare the risk of an event between 
time- dependent covariates at each event time.

6.4 Data

To assess the relationship between the cross-city timing of the airport upgrade and distributional 
socioeconomic characteristics, the authors developed a data set of upgraded airport information, 
a year of airport upgrade, urban characteristics, and other airport-level and city-level characteristics. 

Airport Upgrade

In the past, most cities in the PRC have upgraded their airports through a series of planning, approval, 
and construction phases that are directly guided by the government. Based on expected air traffic 
demand and other development needs of the city, the central government and provincial/ city 
authorities permit physical upgrades to their airports and update licenses. Data are mainly collected 
through internet sources such as the official websites of airport authorities, mass media, and 
encyclopedias. The data set contains information on airport upgrade events, including the year of 
completion of the airport upgrade, airport upgrade strategy, and details on the airport upgrade. 

Figure 6.1 shows the multiple AUPs in 79 cities covered by the data set. The X axis shows their ID 
(1-79), and the Y axis shows the years in which airport operations began and airport upgrades were 
completed. Each vertical line starting with the red point (opening year) represents the life span 
of an airport system with multiple AUPs. Note that the end of the line does not represent “death” 
or “censorship,” but rather that no further airport upgrades were made until 2019. The data set 
originally included all civil airports in the PRC that were ranked 4D or higher status in 2019. 

Figure 6.2 shows the geographic distribution of AUPs in the PRC in the 1980s, 1990s, 2000s, 
and 2010s, respectively. The circle represents the airport upgrade, and its size denotes the period 
between the last airport upgrade or the start of airport operations and the corresponding year. 
The colors of the circle represent the ICAO aerodrome reference code (ARC) of the airport 
immediately before the airport upgrade.
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Airports that have been out of civil aviation service for years have been removed from the candidate 
airports in our data set. This results in the data set containing 122 AUPs, of which nine AUPs 
implemented airport relocation and two AUPs implemented multiple airport systems (MAS). 
With the exception of the first phase AUP at Chengdu in the 1960s, all AUPs were introduced in 
the 1980s or later. 

Figure 6.1: Multiple Airport Upgrade Projects in the Data Set

Source: Authors’ estimation, based on the Statistical Yearbook of Civil Airport.
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Urban Characteristics 

This study hypothesizes that the urban characteristics of a city where the airport has been upgraded 
affect the time interval of airport upgrade. The data on urban characteristics are obtained from the 
city statistics data from the China City Statistical Yearbooks accessed by China National Knowledge 
Infrastructure and from the urban statistical bulletins published on local government websites. 
When data were not available in the statistical yearbook, we searched other data sources, such as 
the official websites of local governments. 

Figure 6.2: Airport Upgrade in Different Decades

Note: This map was produced by Authors. The boundaries, colors, denominations, and any other information shown on this map do 
not imply, on the part of the Asian Development Bank, any judgment on the legal status of any territory, or any other endorsement or 
acceptance of such boundaries, colors, denominations, or information.
Source: Authors’ estimation, based on the Statistical Yearbook of Civil Airport.
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This study considers three types of variables related to urban characteristics. First, the urbanization 
rate represents a percentage of the urban population out of the total population residing in 
urban areas, which the central government defines. Our empirical analysis uses an “urbanization 
dummy” that takes the value of 1 if the urbanization rate is 50% or more, and 0 otherwise. Second, 
the tertiary industry ratio represents the ratio of tertiary industry added value to gross regional 
production (GRP) in a city. This represents the current economic situation at the time of the airport 
upgrade. An economic structure dominated by tertiary industry could be a risk factor encouraging 
airport upgrade projects from both a sustainable economic and aviation development perspective. 
Our empirical analysis uses a “tertiary industry dummy” that takes the value of 1 when the share of 
tertiary industry is 50% or more, and 0 otherwise. Third, urban population density represents the 
population density in urban areas. In our empirical analysis, we use the “urban population density 
dummy,” which is set to 1 if the urban population density is 1,000 persons per square kilometer (km2) 
or more, and 0 otherwise.

Airport/City Characteristics

We included factors related to airports and city characteristics in the empirical model. First, airports 
are classified according to their status by the Government of the PRC. As shown in Table 6.1, 23 major 
airports are designated as international hubs, regional hubs, or major domestic airports. Our model 
uses the variable “hub and main domestic airport dummy,” which is defined to be 1 if an airport is one 
of the 23 major airports, and 0 otherwise.

Table 6.1: Airport Classification in the PRC

Special Airport City Category  
(Number) Main Served City 
International hub cities (3) Beijing, Shanghai, Guangzhou
Regional hub cities (8) Chongqing, Chengdu, Wuhan, Zhengzhou, Shenyang, Xi’an, Kunming, Urumqi
Main domestic airport cities (12) Shenzhen, Nanjing, Hangzhou, Qingdao, Dalian, Nanchang, Nanning, Changsha, 

Xiamen, Harbin, Lanzhou, Hohhot

PRC = People’s Republic of China.
Source: Authors.

Second, the city-tier system was introduced by the central government in the 1980s. The city- tier 
system facilitates the staged rollout of infrastructure and urban development throughout the 
country. The prospects of a city’s commercial vitality and real estate development are based on 
its population size, economic size, and political rank. It has become a proxy for demographic 
and social segmentation. This study follows the most recent ranking by Phoenix News Agency. 
Our empirical study applies a “first- and second-tier city” dummy, defined to be 1 if a city belongs 
to the first- or second-tier city group, and 0 otherwise. Third, we also introduce a dummy variable 
for “tourism location,” which has a value of 1 if a city is located in a tourism location or a 
county- level city, and 0 otherwise. A total of 11 cities are included in this group. Most airports 
built in county- level cities are located at high altitude and require a longer runway due to lower 
air density. Most county- level cities have seen only a small increase in visitors to date. However, 
it is likely that more airports will be built in the county-level cities in the future, mainly to replace 
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inadequate ground transportation to connect them to major markets and to manage the increasing 
demand of tourist traffic. For example, Dunhuang Airport (DNH) is located in an oasis city in 
the Gobi Desert that lies on the ancient Silk Road and has become a major tourist destination. 
Note that its air routes have long been limited to connecting flights to adjacent major airports 
(e.g., Dunhuang– Xi’an/ Lanzhou; Lijiang– Kunming; Hotan–Urumqi). Fourth, the ICAO Aerodrome 
Reference Code (ARC) represents a categorization of aircraft types based on their ability to use a 
given aerodrome. Rank 4E or higher is a basic requirement for cities that can accommodate large 
aircraft for long-haul international operations. Our empirical study applies the “4E/4F airport 
dummy,” which is defined to be 1 if a city has an airport ranked 4E or 4F in ARC before airport 
upgrade, and 0 otherwise. Fifth, “distance to the city center” is also considered one of the potential 
explanatory variables in our empirical model. The distance is measured by a straight-line distance 
between the airport and the city center in kilometers. In the case of MAS, we took the average of the 
distances to the city center of each airport.

The descriptive statistics of our data set are summarized in Table 6.2. The mean value of the hub 
or major domestic airport is 0.4, with only 22 hub airport cities out of 79 samples contributing to it, 
which means that the upgrade times are relatively higher than those of branch airports. The mean 
value of the dummy for the proportion of urban population is 0.359, and the mean value of the 
dummy for the proportion of tertiary industry is 0.652, which represents the high status of tertiary 
industry of overall subjects. The mean value of the dummy for urban population density is 0.470.

Table 6.2: Descriptive Statistics of Data Set

Variable Mean
Standard 

Error Min. Max.
Urban characteristics

Urbanization dummy 0.359 0.481 0 1
Tertiary industry dummy 0.652 0.478 0 1
Urban population density dummy 0.470 0.500 0 1

Airport/city characteristics
Hub and main domestic airport dummy 0.399 0.491 0 1
First/second tier city dummy 0.601 0.491 0 1
Ln (Distance to the city central) 2.819 0.632 0.693 4.317
4E/4F airport dummy 0.414 0.494 0 1
Tourism location/county-level city dummy 0.0808 0.273 0 1

Ln = log.
Note: 4E/4F= Indexes defined in Appendix of Chapter 5.
Source: Authors’ estimation, based on the China City Statistical Yearbooks and Statistical Yearbook of Civil Airport. 

https://www.skybrary.aero/index.php/International_Civil_Aviation_Organisation_(ICAO)
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6.5 Results

Survival Analysis of Airport Upgrade

Figure 6.3 shows the relationship between the time to first upgrade of airports and the age of 
airports in 2019. The time to first airport upgrade is defined as the period from the start of airport 
operations to 2019. This figure clearly shows that younger airports tend to have a shorter time to 
first upgrade. This means that airports that have been built recently tend to be upgraded within a 
shorter period of time after they begin operations. 

The Kaplan–Meier method is widely used to estimate a survival function from censored survival 
data. Figure 6.4 shows a cumulative survival probability function and the Kaplan–Meier empirical 
hazard at each time point at which AUPs occurred. The hazard increases in the third year to about 
the 10th year and in the 15th year to about the 20th year. If we look at the risk rate (not that many 
cities were censored for more than 40 years), the hazard (upgrade probability) is higher between 
10 and 13 years and then again between 22 and 25 years. Figure 6.5 also shows a cumulative 
survival probability and the Kaplan–Meier empirical hazard within 1 year of an upgrade since 
the last event. The hazard is higher between 5 and 15 years.

Figure 6.3: Time to First Upgrade of Airports versus Age of Airports as of 2019

Source: Authors’ estimation, based on the Statistical Yearbook of Civil Airport.
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Figure 6.4: Kaplan–Meier Empirical Hazard (Time from Entry)

Figure 6.5: Kaplan–Meier Empirical Hazard (Time from Previous Event-Gap Model)

K–M = Kaplan–Meier.
Source: Authors’ estimation.

K–M = Kaplan–Meier.
Source: Authors’ estimation.
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Figure 6.6 shows the cumulative hazards for consecutive airport upgrade. It clearly shows that the 
“risk” of an upgrade project does not remain constant, while it depends on the previous upgrade. 
This means that the application of traditional Kaplan–Meier or Cox regression analysis may be 
inappropriate because risk factors are assumed to be fixed in the traditional approach. Thus, risks 
are typically measured at a baseline such as the geographic conditions of a city or at the end of the 
study period, such as the distance between the airport and the city center after the airport upgrade. 
This study then attempts to apply a model with a time-dependent indicator.

Estimation Results of Cox Regression

The effects of urban characteristics are measured based on the duration of the previous event. 
The fixed effect is included in our model, while each phased upgrade status is also considered. 
Table 6.3 summarizes the estimation results. Model 1 is the simplest model, where only the airport 
or city variables are introduced. Model 2 adds three dummy variables representing the AUP phases 
to model 1. The dummies for the second, third, and fourth or further upgrades are defined to take 
the value of 1 if the AUP was conducted in the second, third, or fourth or further phase after airport 
operations began, and 0 otherwise. These variables were introduced because the time interval 
for airport upgrades could vary depending on past experience with AUPs. In models 3 through 8, 
three urban characteristics were included in models 1 and 2. The three urban characteristics are 
examined independently because they are mutually highly correlated.

Figure 6.6: Cumulative Hazard for Consecutive Events

Source: Authors’ estimation.
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Table 6.3: Interval of Airport Upgrade and Urban Characteristics: The Gap Model

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8
Airport/City Characteristics 

Hub and main domestic airport dummy 0.39 0.24 0.40 0.27 0.42* 0.27 0.39 0.21
(0.240) (0.250) (0.250) (0.260) (0.250) (0.250) (0.250) (0.260)

First/second tier city dummy 0.59** 0.57** 0.58** 0.55** 0.61** 0.54** 0.58** 0.60**
–0.25 –0.24 (0.250) (0.240) (0.270) (0.240) (0.270) (0.270)

ln (Distance to City Central) –0.02*** –0.02*** –0.02*** –0.02*** –0.02*** –0.02*** –0.02*** –0.02**
(0.010) (0.010) (0.010) (0.010) (0.010) (0.010) (0.010) (0.010)

4E/4F airport dummy –0.33 –0.40 –0.58** –0.57* –0.52* –0.45 –0.33 –0.4
(0.270) (0.300) (0.280) (0.300) (0.290) (0.310) (0.270) (0.310)

Tourism location or county-level city dummy –1.62** –1.43** –1.74*** –1.55** –1.48* –1.24* –1.62** –1.46**
(0.650) (0.610) (0.660) (0.630) (0.670) (0.630) (0.660) (0.620)

Number of upgrades 
Second-phase upgrade 0.64** 0.60** 0.69*** 0.65**

(0.250) (0.250) (0.250) (0.250)
Third-phase upgrade 0.93*** 0.80** 0.97*** 0.95**

(0.360) (0.380) (0.360) (0.370)
Fourth-phase or more upgrade 0.27 0.25 0.29 0.32

(0.430) (0.400) (0.430) (0.410)
Urban Characteristics

Urbanization dummy 0.55*** 0.43*
(0.210) (0.230)

Tertiary industry dummy 0.46** 0.30
(0.230) (0.240)

Urban population density dummy 0.01 –0.09
(0.230) (0.250)

City fixed effects Yes Yes Yes Yes Yes Yes Yes Yes

Sample size 79 79 79 79 79 79 79 79

Ln = log.
Notes: Standard errors are shown in parentheses; *, **, and *** represent 10%, 5%, and 1% statistical significance, respectively. 
Source: Authors’ estimation.
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The estimation results first show that the distance between the airport and the city center is 
estimated to be significantly negative in all models. The results of all models indicate that a marginal 
increase in the distance between the airport and the city center results in a 2% decrease in AUP 
hazard. This means that the time interval for airport upgrade is longer when the airport is farther 
from the city center, holding other covariates constant. This could be reasonable because the space 
for airport upgrading, such as extending the existing runway, is more available in the urban fringe 
area than in the city center. More space allows the airport to implement AUPs more easily. 

Second, the results also show that the estimated coefficient of the first- and/or second-tier city 
dummy is significantly positive, ranging from 0.55 to 0.61. This means that the time to upgrade 
airports tends to be shorter in larger cities. This could be because more business/personal 
communications to/from those cities have necessitated faster airport upgrades. 

Third, the results of all the models show that the dummy for the tourism location or the county- level 
city is estimated to be significantly negative. This means that the airports in the tourist or rural 
cities may have a longer interval of AUPs. The airports in these cities tend to have invested only 
once at the beginning. The extreme case is Hotan, one of the oasis cities in the Gobi Desert. Hotan 
Airport (HTN) has had a 4D runway (3,200 meters long) for over 50 years, but only handled 
about 0.5 million passengers in 2014, which is significantly less than airports of the same class in 
the eastern and central regions of the PRC. The definition of 4D can be found in the Appendix of 
Chapter 5. However, since it has become a major tourist destination, it may require an AUP.

Fourth, the estimation results of model 2 show that the dummies for the second- and third-phase 
upgrade are estimated to be significantly positive. This implies that the time interval from the 
first- phase AUP to the second-phase AUP and the interval from the second-phase AUP to the 
third-phase AUP are shorter than the interval from the start of the operation to the first-phase AUP.

Fifth, the estimation results of models 3 to 5 show that the urbanization dummy has a significant 
positive relationship with the hazard, while the tertiary industry dummy also has a significant 
positive relationship. This means that an airport located in a more urbanized city or in a more 
tertiary- industry-oriented city could have a shorter interval for airport upgrade. 

Sixth, the estimation results of models 7 and 8 show that the urban population density dummy 
is insignificantly associated with the hazard. This is first because population density is seldom 
considered in the past airport upgrade. Since most cities have vast territories, population and airport 
activities have their own location distribution. Second, past relocation projects have taken action to 
seek more development space. However, this is not the same as the high population density of these 
cities. They were built in the early stage of the PRC’s urban development and were too close to the 
city. This reflects the conflict between urban and air development in urban land use and the location 
of urban airports, but may not be entirely due to population density. Thankfully, the covariate 
“distance between airport and city” provides a reasonable result and recommends to policy makers 
that the distance between the newly built airport and the city center should be estimated as much as 
possible in further urban expansion to avoid the cost of relocating the airport.
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Finally, the estimation results also show that the dummy for the hub and the major domestic airport 
are unexpectedly all insignificant. This means that airport-related investment is not biased toward 
hubs and major domestic airports. This may suggest that policy makers may have intended to promote 
economic development by upgrading airports in less developed regions where interregional ground 
transportation service is poor and/or existing airport service is poorer than that in developed cities.

6.6 Discussion

The above analysis has shown that urban characteristics have a significant relationship with the 
time interval of airport upgrades. First, a more urbanized city has a shorter time interval for airport 
upgrades. This is probably because a city with a higher proportion of urban population should have 
a greater demand for air travel, which leads airport authorities to decide sooner whether to upgrade 
the airport. 

Second, a city with higher production from tertiary industry has a shorter time interval for airport 
upgrade. Assuming that airport investment contributes to economic development, there could be 
bidirectional effects between airport upgrades and the city’s industrial structure. On the one hand, 
the tertiary industry creates more interregional communication opportunities, so physical airport 
expansion becomes necessary to accommodate air travel demand. On the other hand, an airport 
upgrade can improve the capacity of the airport, which encourages airlines to fly to more cities and 
establish their operational hubs, so that foreign firms and/or firms from other regions have more 
opportunities to start a new business in the city, particularly in the service industry such as finance, 
insurance, and real estate. 

6.7 Conclusion

This chapter examined the airport’s continued investment in transportation capacity improvements 
in response to changes in airport and urban characteristics. Survival analysis is applied to the 
empirical data set of 122 airport upgrade projects in 79 cities in the PRC to understand the 
time intervals for airport upgrade. First, the Kaplan–Meier curve revealed that the probability of 
upgrading airports is higher from 5 to 15 years after the last event. Then, Cox regression models 
were estimated, which showed that the degree of urbanization and the share of tertiary industry 
production in total production have a significant negative relationship with the time interval of the 
airport upgrade, while the airport status and the distance between the airport and the city center 
have a positive relationship with the time interval. They suggest that urban characteristics may 
influence airport upgrade decision-making.



109Survival Analysis of Airport Upgrade Intervals

References

Airports Council International (ACI). 2017. ACI Annual Report 2016.

Anderson, P. K. and R. D. Gill. 1982. Cox’s Regression Model for Counting Processes: A Large Sample 
Study. The Annals of Statistics. 10. pp. 1100–1120.

Appold, S. J. 2015. Airport Cities and Metropolitan Labor Markets: An Extension and Response to 
Cidell. Journal of Economic Geography. 15 (6). pp. 1145–1168.

Appold, S. J. and J. D. Kasarda. 2013. The Airport City Phenomenon: Evidence from Large US Airports. 
Urban Studies. 50 (6). pp. 1239–1259.

Baker, D., R. Merkert, and M. Kamruzzaman. 2015. Regional Aviation and Economic Growth: 
Cointegration and Causality Analysis in Australia. Journal of Transport Geography. 43. pp. 140–150.

Bel, G. and X. Fageda 2008. Getting There Fast: Globalization, Intercontinental Flights and Location of 
Headquarters. Journal of Economic Geography. 8. pp. 471–495.

Bilotkach, V. 2015. Are Airports Engines of Economic Development? A Dynamic Panel Data Approach. 
Urban Studies. 52. pp. 1577–1593.

Brueckner, J. K. 2003. Airline Traffic and Urban Economic Development. Urban Studies. 40. pp. 1455–1469.

Budd, L., S. Ison, and T. Budd. 2016. Improving the Environmental Performance of Airport Surface Access 
in the UK: The Role of Public Transport. Research in Transportation Economics. 59. pp. 185–195.

Cidell, J. 2014. The Role of Major Infrastructure in Subregional Economic Development: An Empirical 
Study of Airports and Cities. Journal of Economic Geography. 15. pp. 1125–1144.

Civil Aviation Administration of China (CAAC). 2018. Statistical Bulletin of Civil Aviation.

Feitelson, E. I., R. E. Hurd, and R. R. Mudge. 1996. The Impact of Airport Noise on Willingness to Pay for 
Residences. Transportation Research Part D: Transport and Environment. 1. pp. 1–14.

Humphreys, I. and S. Ison. 2005. Changing Airport Employee Travel Behaviour: The Role of Airport 
Surface Access Strategies. Transport Policy. 12. pp. 1–9.

Humphreys, I., S. Ison, G. Francis, and K. Aldridge. 2005. UK Airport Surface Access Targets. Journal of 
Air Transport Management. 11. pp. 117–124.

Kasarda, J. D. and G. Lindsay. 2011. Aerotropolis: The Way We’ll Live Next. Penguin.

Liu, C. 2016. China to Build 66 New Airports Over the Next Five Years, https://www.thenanfang.
com/china-to-boost-airport-infrastructure-by-billions/?msclkid=62bc888dce8911ecb4c2a93
9c7727722.

https://www.thenanfang.com/china-to-boost-airport-infrastructure-by-billions/?msclkid=62bc888dce8911ecb4c2a939c7727722
https://www.thenanfang.com/china-to-boost-airport-infrastructure-by-billions/?msclkid=62bc888dce8911ecb4c2a939c7727722
https://www.thenanfang.com/china-to-boost-airport-infrastructure-by-billions/?msclkid=62bc888dce8911ecb4c2a939c7727722


Developing Airport Systems in Asian Cities110

Loo, B. P. Y. 2008. Passengers’ Airport Choice within Multi-Airport Regions (MARs): Some Insights 
from a Stated Preference Survey at Hong Kong International Airport. Journal of Transport 
Geography. 16. pp. 117–125.

Marazzo, M., R. Scherre, and E. Fernandes. 2010. Air Transport Demand and Economic Growth in 
Brazil: A Time Series Analysis. Transportation Research Part E-Logistics and Transportation Review. 
46. pp. 261–269.

Rodrigue, J.-P. 2017. The Geography of Transport Systems. New York: Routledge.

Shu, X. and D. E. Schaubel. 2016. Semiparametric Methods to Contrast Gap Time Survival Functions: 
Application to Repeat Kidney Transplantation. Biometrics. 72. pp. 525–534.

Smit, M., M. Koopman, and J. Faber. 2013. The Economics of Airport Expansion. Delft: CE Delft.

Wu, W. Y. Liang, and D. Wu. 2016. Evaluating the Impact of China’s Rail Network Expansions on Local 
Accessibility: A Market Potential Approach. Sustainability. 8. p. 512.



Chapter 7

Detailed Case Surveys: Airport System 
Development Practices in Ha Noi, 
Jakarta, and Manila

7.1 Introduction

This chapter attempts to supplement a series of findings shown in the previous chapters by 
providing more detailed case surveys on airport system development in Asia’s developing cities, 
especially Ha Noi, Jakarta, and Manila. All three cities have national capital status in Viet Nam, 
Indonesia, and the Philippines, respectively, but these cities represent different stages and phases 
of development (Table 7.1). Of the three cities, Ha Noi still has the smallest size in terms of 
urbanized area, population, and gross domestic product (GDP), but had shown the fastest growth 
in urbanized area and population from 1990 to 2015. Manila and Jakarta have already reached 
the megacity scale, with a total population of over 10 million, with different urbanization patterns. 
Manila accommodates 17.6 million inhabitants within a moderately urbanized area of 2,030 square 
kilometers (km2), which translates into a relatively high population density of 8,680 inhabitants 
per km2. In contrast, Jakarta, with 18.6 million inhabitants, is spread over a largely urbanized area 
of 5,009 km2, resulting in a relatively low population density of 3,717 inhabitants per km2. Jakarta 
records higher figures for economic output, productivity, and growth than Ha Noi and Manila. Such 
heterogeneous conditions of urbanization, population, and economic development conditions are 
likely to require different practices in airport system development, as suggested in Chapter 3. Key 
information and local knowledge on (i) airport system development, (ii) ground transportation, and 
(iii) land use coordination for economic development were obtained from public reports, project 
materials, corporate websites, traffic databases, news articles (see references), and the three 
interview surveys conducted from July 2021 to September 2021 and summarized in the following 
sections for each of the case cities.6

6 See Acknowledgments for the profile of four interviewees.
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Table 7.1: Comparison of Ha Noi, Jakarta, and Manila in Urbanized Area, Population, 
and Economic Production

Ha Noi Jakarta Manila
Urbanized area 2015 
 (km2)

1,095 5,009 2,030

Urbanized area 
Growth 1990–2015 (%)

+191.2 +43.2 +47.9

Population 2015
(million inhabitants)

3.7 18.6 17.6

Population 
growth 1990–2015 (%)

+221.1 +68.5 +88.3

Population 
growth 2015–2035 (%)

+92.6 +46.5 +49.6

Population density 2015 
(inhabitants per km2)

3,340 3,717 8,689

GDP 2015 
($ billion)

28.0 427.3 197.8

GDP
per capita 2015 ($)

7,655 22,952 11,214

GDP
growth 1990–2015 (%)

+207.4 +295.2 +117.1

GDP = gross domestic product, km2 = square kilometer.
Source: Authors, with data from European Commission (2018) and UN Department of Economic and Social Affairs (2018).

7.2 Ha Noi

As the national capital of Viet Nam, Ha Noi is connected to 32 international and 11 domestic 
destination cities by air transportation services, with an annual volume of 76,986 departure 
movements in 2018 (Figure 7.1). The most connected city is Ho Chi Minh City, with an annual 
volume of 39,091 departure movements. Ha Noi has a single-airport system to handle the 
relatively small to medium volume of international and domestic air traffic. Noi Bai International 
Airport (HAN) is the 34th-busiest passenger airport and the 18th-busiest cargo airport in Asia 
for 2018, with international traffic from the single airport accounting for 38.9% of total passenger 
traffic (25.9 million) and 72.7% of total cargo traffic (728,414 tons). In fact, Noi Bai International 
Airport is the largest airport in the country for cargo transportation, recording a 139.9% increase in 
passenger traffic from 2011 to 2018.
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In response to rapidly growing air passenger traffic to and from Ha Noi, the capacity of Noi Bai 
International Airport, located about 35 km north of downtown Ha Noi, has been successively 
expanded over the decades. After the end of the Vietnam War and the reunification of the 
country in 1975, the military airfield was transformed into an international airport for commercial 
airline services in 1978. The first terminal (T1), with a total area of approximately 90,000 square 
meters (m²), became operational in 2001, followed by the addition of a second runway in 
2006. Completion of these capacity expansion projects allowed Noi Bai International Airport to 
accommodate the Airbus A380 superjumbo in 2007 and to obtain SkyTeam hub status in 2010, 
although rapid growth in passenger numbers immediately overloaded T1. 

In 2011, Viet Nam’s Ministry of Transport and North Airport Corporation began construction of the 
second terminal (T2) adjacent to the existing T1 with a total investment of ¥76.1 billion, mainly 
funded by a Japan International Cooperation Agency (JICA) official development assistance (ODA) 
loan program (¥59.3 billion). In early 2015, T2 was put into operation with a total area of about 
140,000 m² to handle 10 million–15 million international passengers annually. Crucially, since the 
inauguration of T2, T1’s capacity has been dedicated to domestic passenger services. As a result of 

Figure 7.1: Air Traffic Flow to and from Ha Noi in 2018

Note: This map was produced by Authors, with data from ICAO (2018), European Commission (2018), and UN Department of 
Economic and Social Affairs (2018). The boundaries, colors, denominations, and any other information shown on this map do not imply, 
on the part of the Asian Development Bank, any judgment on the legal status of any territory, or any other endorsement or acceptance of 
such boundaries, colors, denominations, or information. 
Source: Authors, with data from ICAO (2018).
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several airport capacity expansion projects, the entire Noi Bai International Airport system currently 
has a maximum capacity of 50 million passengers per year and still has developable land for another 
runway on a total area of about 565 hectares (ha).

It is important to note that the T2 construction project was accompanied by a number of large 
ground transportation projects (Vo Nguyen Giap Expressway and Nhâ.t Tân Bridge) with a total 
investment of ¥27 billion and ¥80 billion, respectively, most of which were funded by the JICA ODA 
loan scheme (¥18.1 billion and ¥54.2 billion). The Vo Nguyen Giap Expressway, which opened in 
early 2015, connects Noi Bai International Airport at the northern end to the Nhâ.t Tân Bridge at 
the southern end over a nearly straight stretch of about 12 km with a six-lane capacity. Opened in 
early 2015, the Nhâ.t Tân Bridge serves not only as a symbol of the friendship between Viet Nam 
and Japan, but also as an alternative link to the existing Thang Long Bridge, which was built about 
30 years ago across the 1 km-wide Red River. It is estimated that the completion of the Vo Nguyen 
Giap Expressway and Nhâ.t Tân Bridge will reduce travel time between Ha Noi city center and Noi Bai 
International Airport by about 30 to 45 minutes. In theory, the broader economic development 
impacts of the airport capacity expansion (T2), combined with investments in ground transportation 
(Nguyen Giap Expressway and Nhâ.t Tân Bridge), could flow to areas along the southern end of the 
new expressway corridor and around the southern end of the new bridge to improve accessibility 
and/or reliability, depending on land use coordination in the local context.

Since the 1990s, several large industrial areas have been developed around Noi Bai International 
Airport for Japanese high-tech manufacturing clusters. However, the land along the new 
expressway corridor is currently largely used for agriculture. The Ha Noi Planning Authority has 
envisioned a total area of over 2,000 ha between Noi Bai International Airport and the Red River 
for airport- related land use for economic development. According to the land use vision, the whole 
area can be divided into four conceptual districts: (i) “Gateway City” for agriculture, ecotourism, 
trading, and hi-tech park; (ii) “International City” for logistics, storage center, and cultural 
village; (iii) “Symbol City” for the amusement park and financial services; and (iv) “Eco-City” for 
tourism-related waters. In addition, a series of land use policies consider the improvement and/or 
resettlement of existing villages for social welfare and employment in the acquired agricultural area 
along the expressway. Specifically, the city agency is supposed to carry out land acquisition and 
adequate compensation by reimbursing the fees charged by real estate developers for land use rights 
or leasing of public lands. One of the biggest challenges in attracting competitive private developers 
and foreign firms is the provision of technical infrastructure (e.g., trunk roads, power, and water 
supply facilities, and sewerage and drainage systems), which requires additional development costs 
and investment in a large area.

The economic benefits of airport capacity expansion and two ground transportation projects 
can also be largely applied to a developable site at the southern end of the Nhâ.t Tân Bridge. 
In fact, a total area of over 300 ha in Nam Thang Long has been developed as “Ciputra Hanoi 
International City” by Citra Westlake City Development Co., Ltd., a joint venture between 
Urban Development and Infrastructure Investment Cooperation (Viet Nam) and Ciputra Group 
(Indonesia), in accordance with the Hanoi City Master Plan. Ciputra Hanoi International City is 
expected to provide mostly residential condominium towers and low-rise housing units, as well as 
primary and secondary schools, gardens and golf courses, a clubhouse and retail space, a high-end 
hotel, and high-rise office buildings that meet international standards (Ciputra 2021; Tran 2015). 
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In addition, Ciputra Hanoi International City plans to provide a more direct link with downtown 
Ha Noi and Noi Bai International Airport through Ha Noi Metro Line 2 in four construction phases, 
funded by another Japanese ODA loan program. The airport rail link projects will apply concepts 
of transit-oriented development (TOD) and land value capture (LVC) to improve the locational 
advantages of the city center and the airport around Nam Thang Long Station (JICA 2020).

In December 2020, the Civil Aviation Authority of Vietnam (CAAV) publicly released its draft 
plan and vision for the national airport system for the next 3 decades, including the potential for 
developing and managing a multi-airport system in Ha Noi. The construction of a secondary airport 
has been proposed by Ha Noi to ease the traffic concentration at Noi Bai International Airport, 
which is estimated to carry 100 million passengers annually to and from Ha Noi by 2050. According 
to the 2016 Capital Region Master Plan, Ung Hoa district, about 54 km from the city center of 
Ha Noi, is one of four options for the construction of the new second airport, along with Ly Nhan 
district (Ha Nam province, 60–65 km), Thanh Mien and Binh Giang districts (Hai Duong province, 
45–50 km), and Tien Lang district (Hai Phong city, 120 km). Indeed, the CAAV has not yet decided 
on the location of the secondary airport, and the Ministry of Transport has rejected a request to 
build the secondary airport in the capital by 2030 to conduct further feasibility studies based on the 
recovery and development of aviation after the COVID-19 pandemic.

7.3 Jakarta

As the national capital of Indonesia, Jakarta is connected by airline networks to 25 international and 
16 domestic destination cities, with an annual volume of 278,362 departures in 2018 (Figure 7.2). 
The most frequently served city is Surabaya, with an annual volume of 49,412 departures. Jakarta 
has already established a multi-airport formation to handle the large volume of international and 
domestic air traffic. As the primary node, Soekarno–Hatta International Airport (SHIA) was the 
8th-busiest passenger airport and the 17th-busiest cargo airport in Asia in 2018. International air 
traffic to and from Soekarno–Hatta International Airport accounts for only 23.5% of total passenger 
traffic (66 million) and 53.5% of total cargo volume (735,134 tons). Soekarno–Hatta International 
Airport recorded a 27.4% increase in passenger traffic and 26.3% increase in cargo volume from 
2011 to 2018, much slower than Noi Bai International Airport in Ha Noi and Ninoy Aquino 
International Airport in Manila during the same period. Halim Perdanakusuma Airport (HLP), as a 
secondary node, had only 7.4 million domestic passengers (10.2%) and 34,423 tons of domestic 
and international air cargo volume (4.5%) in 2018.
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Jakarta has successively undertaken projects to build several airports, construct new airports, 
relocate airports, expand airport capacity, and construct other airports in recent decades. 
Kemayoran Airport (over Central and North Jakarta) and Halim Perdanakusuma Airport (known as 
Halim Perdana Kusumah Air Force Base, about 15 km from Central Jakarta) were Jakarta’s two 
main airports until the opening of Soekarno–Hatta International Airport in 1985 (Figure 7.3). 
Kemayoran Airport was replaced by Soekarno–Hatta International Airport and gradually transformed 
into the Kemayoran CBD, which includes wide boulevards, green open spaces, high-rise office 
buildings, condominiums, hospitals, shopping streets, upscale hotels, entertainment centers, and 
government facilities. Since the closure of Kemayoran Airport in 1985, Halim Perdanakusuma 
Airport was used for general aviation and other limited charter flights for 29 years or until 2014. 

On the other hand, Soekarno–Hatta International Airport was initially opened with Terminal 1 (T1) 
with a capacity of 8 million passengers per year for domestic flights in 1985, which was followed by 
the completion of Terminal 2 (T2) with a capacity of 18 million passengers for international flights in 
1991. Since then, the primary airport has undertaken a series of projects to expand airport capacity 

Figure 7.2: Air Traffic Flow to and from Jakarta in 2018

Note: This map was produced by Authors, with data from ICAO (2018), European Commission (2018), and UN Department of 
Economic and Social Affairs (2018). The boundaries, colors, denominations, and any other information shown on this map do not imply, 
on the part of the Asian Development Bank, any judgment on the legal status of any territory, or any other endorsement or acceptance of 
such boundaries, colors, denominations, or information. 
Source: Authors, with data from ICAO (2018).
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on a total area of approximately 1,890 ha about 20 km northwest of Central Jakarta. The freight 
terminal development was completed along with Phase 1 of Terminal 3, which could provide a 
capacity of 22 million passengers per year for domestic flights in 2009 and international flights in 
2011. Terminal 3 was further expanded and officially reopened as “Terminal 3 Ultimate” with a 
capacity of 25 million passengers, along with the development of a third runway and the integration 
of a commercial zone of 71,225 m2 in 2016, according to the master plan for a world-class airport 
and aerotropolis designed by Angkasa Pura II, a state-owned enterprise for the management of 
Soekarno–Hatta International Airport and other airports in Indonesia. Soekarno–Hatta International 
Airport was originally designed by Paul Andreu based on the postmodern concept of “a cluster 
of small houses with red tile roofs set amid trees between large stretches of rice fields,” which 
called for the integration of main terminals and several boarding pavilions. In fact, T1, T2, T3, and 
Soekarno– Hatta International Airport Station (a newly constructed airport rail link station) were 
connected in 2017 by the Airport Skytrain, which uses an Automated People Mover system with a 
total circulation length of about 3 km. 

Figure 7.3: Location of Kemayoran Airport, Halim Perdanakusuma Airport, 
and Soekarno– Hatta International Airport in Jakarta

Note: This map was produced by Authors, with data from European Commission (2018). The boundaries, colors, denominations, and 
any other information shown on this map do not imply, on the part of the Asian Development Bank, any judgment on the legal status of 
any territory, or any other endorsement or acceptance of such boundaries, colors, denominations, or information. 
Source: Authors.
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Angkasa Pura II plans to relocate the existing freight terminal to a new cargo complex on the west 
side of the airport district to accommodate increased air traffic to and from Soekarno–Hatta 
International Airport. Plans call for Terminal 4, with a capacity of about 45 million passengers per 
year, to be built on a total area of 130 ha on the north side of the airport district. However, the 
Tangerang Municipal Government rejected a number of proposals for further capacity expansion 
due to difficulties in acquiring land and relocating residential areas around Soekarno–Hatta 
International Airport. During the period, Angkasa Pura II reactivated Halim Perdanakusuma Airport 
as a secondary (commercial) airport to handle domestic (scheduled) flights with a capacity of about 
2.2 million passengers per year in 2014, although the possibility of capacity expansion and land 
coordination for (re)development around Halim Perdanakusuma Airport is very limited or almost 
zero. On the other hand, the Indonesian government, together with Angkasa Pura II (and technical 
assistance and knowledge support from JICA), has assessed several sites for the development of 
the New Jakarta Airport and projected a total capacity of about 100 million passengers together 
with Soekarno–Hatta International Airport. Indeed, some greenfield sites within and outside the 
Jakarta Metropolitan Area can be identified for feasibility studies, but land acquisition, community 
resettlement, environmental impact, and/or metropolitan accessibility appear to be critical factors in 
selecting sites for new airport development.

The improvement of ground transportation infrastructure and services was of particular 
importance to Soekarno–Hatta International Airport because of severe traffic congestion and 
unreliable travel services on urban road systems to and from Central Jakarta. Nevertheless, 
the development of a rail link to the airport could only be realized in 2017 (Phase 1) and 2019 
(Phase 2), largely due to the issue of land acquisition for new tracks and plan changes along the 
access corridor. The Soekarno– Hatta Airport Rail Link was eventually constructed with 24 km of 
existing commuter rail line from Manggarai to Batuceper and 12 km of the new track from Batuceper 
to Soekarno– Hatta International Airport (SHIA) station (Figure 7.4). Of the five airport rail link 
stations, SHIA and BNI City were newly built, whereas Batuceper, Duri, and Manggarai were 
upgraded to provide express services. The Soekarno–Hatta Airport Rail Link was initially opened 
between SHIA and BNI City in 2017 and extended to Manggarai in 2019. Kereta Api Indonesia, 
another state-owned enterprise for the sole operation of public railroads in Indonesia, formed a 
joint venture with Angkasa Pura II, to operate the Airport Rail Link service. The “direct” economic 
benefit of the Soekarno–Hatta Airport Rail Link (approximately $400 million capital investment) 
to travelers arriving at (or departing from) Soekarno–Hatta International Airport is still questionable 
due to the limited number of passengers and low fare revenue. According to the 2018 Airport 
Passenger OD Interview Survey (JICA 2019), the highest proportion of modal choices for airport 
passengers to access Soekarno–Hatta International Airport was taxi and online taxi (43.9%), 
followed by private car (29.8%) and large bus (17.3%), and the new airport rail link was rarely used by 
travelers. One of the most possible reasons for the Airport Rail Link’s low ridership and modal share 
is its limited service coverage in Central Jakarta, where only three stations are directly connected by 
the express services to/from SHIA. 



119Detailed Case Surveys

Instead, the “wider” economic benefits of the Soekarno–Hatta Airport Rail Link are likely to occur 
around some of the five stations to improve accessibility and agglomeration economies in Central 
Jakarta, depending on the connectivity of local feeder services and the availability of developable 
land. The most observable case is BNI City near Central Jakarta, accompanied by Dukuh Atas 
Transit-Oriented Development (TOD) around MRT Dukuh Atas BNI Station, Commuter Rail 
Sudirman Station, and Transjakarta Bus Rapid Transit. 

Relatively large developable sites in the south of BNI City have been built for high-rise office 
buildings and hotels since the late 1990s. Many small land parcels in the north of BNV City should 
be consolidated into less developable sites for high-rise, mixed-use, and pedestrian-friendly 
redevelopment projects in accordance with the given TOD principles and land use incentives, 
such as bonuses for floor area ratio (FAR). 

Figure 7.4: Soekarno–Hatta Airport Rail Link with Two New Stations 
and Three Renovated Stations

CBD = central business district.
Note: This map was produced by Authors, with data from European Commission (2018). The boundaries, colors, denominations, and 
any other information shown on this map do not imply, on the part of the Asian Development Bank, any judgment on the legal status of 
any territory, or any other endorsement or acceptance of such boundaries, colors, denominations, or information. 
Source: Authors.
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7.4 Manila

As the national capital of the Philippines, Manila is connected by airline networks to 23 international 
and 16 domestic destination cities, with an annual volume of 132,437 departures in 2018 
(Figure 7.5). The most frequently served city for international flights is Singapore, with an annual 
volume of 11,188 departures, and for domestic flights is Puerto Princesa, with an annual volume 
of 10,130 departures. Despite the relatively large volume of international and domestic air traffic, 
Manila still relies on a single-airport system. Ninoy Aquino International Airport (MNL) is the 
17th- busiest passenger airport and the 16th-busiest cargo airport in Asia for 2018, with its 
international traffic accounting for 51.0% of total passenger volume (45 million) and 61.2% of total 
cargo volume (738,698 tons). Ninoy Aquino International Airport recorded a 52.9% increase in 
passenger volume and an 80.0% increase in cargo volume from 2011 to 2018.

Figure 7.5: Air Traffic Flow to and from Manila in 2018

Note: This map was produced by Authors, with data from International Civil Aviation Organization (ICAO) (2018), European 
Commission (2018), and UN Department of Economic and Social Affairs (2018). The boundaries, colors, denominations, and any 
other information shown on this map do not imply, on the part of the Asian Development Bank, any judgment on the legal status of any 
territory, or any other endorsement or acceptance of such boundaries, colors, denominations, or information. 
Source: Authors, with data from ICAO (2018).
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Ninoy Aquino International Airport is located about 15 km south of downtown Manila. The inner- city 
airport, with a total area of about 400 ha, has sequentially undergone airport capacity expansion 
over several decades. The country’s first airport was originally a US Air Force base and was moved 
to its current location in 1948. The international runway and taxiway were built in 1953 and the 
control tower and terminal building were completed in 1951, after which the airport was officially 
named Manila International Airport. In 1974, the airport was redesigned to improve its facilities. 
To this end, $29.6 million was provided through an Asian Development Bank (ADB) loan program. 
In 1981, construction of the new 67,000 m² Terminal 1 (T1) was completed, capable of handling 
4.5 million passengers annually. In 1991, T1 reached its maximum capacity with an annual growth 
rate of about 11%. To celebrate the 100th anniversary of Philippine independence, construction of 
the “Centennial Terminal” or a Terminal 2 (T2) began in 1995 and was completed in 1999 with an 
area of 75,000 m² for 9 million passengers per year. About 75% of the project cost or ¥18.1 billion 
was funded through a Japanese ODA loan program. On the other hand, construction of a Terminal 
3 (T3) began in 1997. However, the construction of T3 was suspended as the Philippine President, 
the government, and the Supreme Court declared the build–operate–transfer (BOT) contract void in 
2003. In 2006, the Philippine International Air Terminals Co. Inc. accepted a $6 million settlement 
from the Philippine government and contracted the newly formed Takenaka Corporation to complete 
the suspended construction by 2008. In fact, T3 began partial operations in 2008 and became 
fully operational in 2014. The $640 million terminal project was largely funded by ADB and the 
Import– Export Bank of Japan through a $500 million loan program. The modern terminal building was 
designed by Skidmore, Owings and Merrill to handle a capacity of 13 million passengers per year with 
a floor area of 189,000 m2 and a total parking area of 3,200 cars. Despite the successive completion of 
projects to expand airport capacity, severe traffic congestion continues to occur around Ninoy Aquino 
International Airport, both in the airspace and on the ground.

To ease increasing airport congestion and flight delays, the government decided to relocate some 
aviation services to Sangley Point, about 20 km west of Ninoy Aquino International Airport, 
in 2019. The Philippine Air Force has occupied Sangley Point for the Danilo Atienza Air Base. 
The revitalization of Sangley Point Airport as a hub for general aviation and turboprop cargo 
operations was completed in 2020 with a 2.4 km runway. Sangley Point’s potential for further 
capacity expansion remains debatable due to its short runway, narrow road access, and land use 
constraints that would result in serious congestion at the northern end of the Cavite Peninsula. 
In fact, the Sangley Point International Airport (SPIA) Development Consortium, composed of 
local business tycoons, international consulting companies, and private real estate developers, 
has attempted to build a fully modernized, world-class, and green airport on newly reclaimed 
land in Manila Bay by launching an $11 billion project in a joint venture with the Cavite provincial 
government. Phase 1A of the plan calls for $2.3 billion investments to build the first runway and 
terminal building, as well as a new highway connector to handle 15 million passengers a year. 
Phase 1B would expand the airport’s capacity to 25 million passengers per year with $2 billion in 
investment, and Phase 2 would require $6.6 billion in investment to build another runway and 
relevant facilities to accommodate 75 million passengers per year. However, not enough bids had 
been obtained for the development proposal by the end of 2021. 

In 2016 and 2017, the Ninoy Aquino International Airport Expressway, consisting of a 7.75 km 
elevated expressway and a 2.22 km at-grade feeder road between the Skyway and the Bayfront 
district, was put into operation to not only reduce road traffic near the three airport terminals 



Developing Airport Systems in Asian Cities122

but also improve access to/from the Ninoy Aquino International Airport and Entertainment City. 
This ground transportation project, with a total cost of about $360 million, will benefit an estimated 
80,000 travelers daily and reduce travel time between Entertainment City and the terminals 
from 25 minutes to 8 minutes and travel time between Skyway and the terminals from 1 hour to 
20 minutes (Republic of the Philippines Department of Public Works and Highways 2021). 

The airport expressway link brought time savings, especially for private cars, taxis, and ride- hailing 
services. Other modes of public transportation play a relatively minor role in transporting people 
to and from Ninoy Aquino International Airport. In fact, two rail stations have already been built 
near the airport (Baclaran LRT Station in 1984 and Nichols National Railways Station in 2010). 
However, both light rail transit and commuter rail lines do not connect directly to the airport 
terminals. Jeepney and other paratransit services are not viable options because they are not allowed 
to enter the airport district. In 2015, e-Jeepney was permitted on a trial basis for limited service 
within the airport district. The inadequacy of public transportation infrastructure and services 
around the Ninoy Aquino International Airport is largely due to the lack of inter- jurisdictional 
coordination of transportation between communities in the metropolitan area. Municipalities 
may reject new proposals for public transportation, including first- and last- mile link projects, 
for political reasons, such as a change of President, mayor, and/or public policy by- elections. 
In addition, such jurisdictional fragmentation in the provision of ground transportation infrastructure 
and services throughout the metropolitan area is likely to limit the potential economic benefits 
of developing a multi-airport system by worsening traffic congestion, increasing access and 
egress costs, and enhancing agglomeration diseconomies, accompanied by inadequate land use 
coordination among municipalities.

The urban areas around Ninoy Aquino International Airport are administered by three 
municipalities—Parañaque, Pasay, and Taguig. The municipalities can designate land use zoning 
codes to promote airport-linked economic development within their jurisdiction. Both Parañaque 
and Pasay classify many properties adjacent to the airport district as planned unit development 
zones, which allow flexibility in land use for diverse and complex real estate projects such as 
shopping malls, hotels, casinos, and other mixed-use property development.

In Parañaque, Entertainment City was developed in 2007 as a gaming and entertainment facility 
covering a total area of 44 ha along Manila Bay and owned by the Philippine Amusement and 
Gaming Corporation, a government-owned corporation that regulates the gaming industry. 
This Bayfront district has also been designated as an economic zone approved by the Philippine 
Economic Zone Authority since 2017. The development of integrated casino resorts directly linked 
to Ninoy Aquino International Airport is expected to increase demand for international leisure travel 
from Asia and the Pacific (Entertainment City Manila 2020). In Pasay, Newport City has been in 
operation since 2007 as a fully integrated residential and office complex with an entertainment 
complex covering a total area of 25 ha adjacent to T3 of Ninoy Aquino International Airport. 
The former Villamor Air Base was developed by Megaworld Corporation in partnership with the 
Philippines’s Bases Conversion and Development Authority (BCDA) and transformed into Newport 
City, a world-class integrated complex for airport-linked commercial and residential services 
(Megaworld Newport Property Holdings 2016).
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In Taguig, Bonifacio Global City (BGC) was also developed by BCDA in partnership with Ayala Land 
and Campos Group since the sale of military land totaling 240 ha in 1995. The BGC master plan 
features European-style communities with numerous amenities and residential services, including 
green spaces, high-end stores, and cultural facilities. Bonifacio High Street forms the commercial 
core of BGC with high-tech office towers and pedestrian-friendly shopping streets. Several domestic 
and foreign corporations have purchased land and committed to relocate their global, regional, and 
national headquarters to the BGC business district. The entire area is home to several educational 
institutions, including the University of the Philippines and De La Salle University, which offer 
graduate programs for professionals working in the business district. The Ninoy Aquino International 
Airport is accessible from some of BGC’s seven gateways. 

The Metro Manila Dream Plan 2030 (JICA 2014) shows the scope of multi-airport formation in 
Greater Manila Area with two additional gateway airports: (i) the upgrade of an existing airport 
in Clark, and (ii) the construction of a new international airport outside the metropolitan area. 
Clark International Airport is located about 100 km from downtown Manila and has long been 
debatable as to whether it should be considered a secondary or tertiary airport for Manila. 
Nonetheless, the construction of the North–South Commuter Railway with a total length of 
about 90 km from Tutuban Station in Manila to Clark Freeport and Special Economic Zone 
and Clark International Airport was planned to reduce road congestion, save transportation 
costs, and encourage a regionwide shift of economic activity from the congested capital city to 
the northern growth centers. On the other hand, the construction of the “new” Ninoy Aquino 
International Airport was proposed and implemented by San Miguel Corporation (SMC), one of 
the largest corporations in the Philippines. Since it is located on the coast of Bulacan (35 km north 
of downtown Manila), SMC’s new airport construction project is often referred to as Bulacan 
International Airport. As the largest single investment in the country’s history, the 2,500 ha 
development project includes not only four runways, airfield facilities, and terminal buildings for 
international and domestic flights with a maximum capacity of 200 million passengers per year, 
but also various components (e.g., airport and airline support facilities, access roads, parking 
facilities, utilities, residential units, industrial zones with a seaport, public services, and other 
ancillary facilities) as an “aerocity” at a total project cost of ₱735 billion ($14 billion) under a 
50- year franchise agreement (SMC 2021). SMC is entitled to tax breaks, including income taxes, 
value-added taxes, percentage taxes, excise taxes, stamp duties, tariffs, and property taxes on land, 
buildings, and other real assets, during the construction period of up to 10 years. SMC is expected to 
subsequently pay profits equivalent to 12% of the internal rate of return to the government when the 
development project fully recovers investment costs (Lopez 2021).
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7.5 Summary of Key Findings

This chapter presents eight key findings on airport system development practices in Ha Noi, Jakarta, 
and Manila as follows:

(1) The complexity of airport system development (e.g., construction of a single new airport, 
expansion of airport capacity, and formation of multiple airports) depends on the level of 
urbanization and the stage of economic development (Ha Noi, Jakarta, and Manila). 

(2) International development agencies (e.g., ADB and JICA) can play an important role 
in enhancing the economic impact of airport capacity expansion along with ground 
transportation investments through loan programs and/or technical assistance in emerging 
economies (Ha Noi, Jakarta, and Manila).

(3) The location of a (former) military air base in a metropolitan area is one of the key 
determinants of multi-airport formation, as the choice of location for building new airports 
or relocating airports is somewhat related to the availability and accessibility of public land 
for airport capacity expansion (Jakarta and Manila). 

(4) Asia’s major corporations could take on the development and management of airport 
systems in an integrated way by internalizing the broader economic benefits of building new 
airports by developing land around new airport terminals and along ground transportation 
corridors if governments (or international development agencies) offer generous incentives 
to private partners, such as a range of tax breaks (Manila). 

(5) Coordinating land use for airport-linked economic development often calls for acquiring 
land and relocating communities near airport-linked highway interchanges and/or 
rail stations. Military agencies may need to be involved in land use coordination for 
airport- linked development as public landowners in the vicinity of airports or former 
airbases (Ha Noi and Manila).

(6) Relocation of an airport may lead to significant and transformative development 
opportunities in inner-city locations, while limiting the possibility of secondary or tertiary 
airport use (Jakarta). 

(7) The development of new secondary and/or tertiary airports is proposed to mitigate 
the concentration of traffic around existing primary and/or secondary airports in dense 
inner- city locations. However, the formation of multi-airports is likely to necessitate 
additional investments in ground transportation infrastructure and services, especially 
airport rail links for reliable passenger travel services, between city-center and city-fringe 
locations (Ha Noi, Jakarta, and Manila)

(8) Investment in an airport rail link requires coordination of development among jurisdictions 
and/or sectors to improve metropolitan-wide connectivity and last-mile accessibility, 
although the direct benefits of investing in an airport rail link for travelers (e.g., ridership, 
traffic mitigation, and reliability) are still debatable (Jakarta and Manila).
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(9) The degree and pattern of broader economic benefits brought by airport system 
development may depend on land use zoning codes (e.g., flexible floor use and floor 
area ratio bonus for favorable land use) that are proactively adjusted by municipal 
governments around airports and/or along airport-linked ground transportation corridors 
(Jakarta and Manila). 

Additionally, the detailed case studies implicitly show that the three capital cities in Asia continued 
to discuss and even promote airport system development projects during the COVID-19 pandemic. 
It can be anticipated that airport recovery scenarios will depend on changes in the composition of 
air traffic (e.g., domestic versus international) and the amount of proactive capital investment and 
supportive public policies for cities that want to be a regional hub in Asia. 
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Chapter 8

Conclusions

8.1 Findings

This study first extensively reviewed the literature on airport system development. It then examined 
the development of airport systems in megacities around the world and in major Asian cities, and 
finally presented the results of empirical case studies in Asian cities on the impact of airport system 
development on regional economies.

In Chapter 2, the existing studies on airport system development were classified into five groups. 
The first group is macroeconomic studies that empirically examine the relationship between air 
traffic, airport capacity/connectivity, and economic growth. Although there are many studies on 
the relationship between air traffic or the airport system and regional economic indicators, little 
effort has been made to examine the causal relationship between airport system development and 
macroeconomic performance. The second group relates to airport-related development. In urban 
planning studies and practices, airports have tended to be overlooked over the last century despite 
their potential role in shaping urban form. But gradually, more researchers have highlighted the 
importance of major airports as development engines, as they attract a variety of speed-sensitive 
commercial activities and relevant value-added services. They proposed a number of concepts 
such as airport city and aerotropolis. The third group seeks to provide evidence for airport-centric 
development by analyzing the intra-metropolitan distribution of employment, with particular 
interest in transportation infrastructure and accessibility, including airports, as key determinants 
of economic growth under rapid suburbanization. Hedonic pricing studies demonstrating airport 
externalities are placed in the fourth group. Since the 1970s, numerous hedonic pricing studies 
have been conducted on the spatial impact of airport noise on residential communities, while a 
few case studies have examined the spatial impact of airport system development on surrounding 
properties. The last group relates to ground transportation and access to the airport by public 
transportation. A number of case studies from the United Kingdom (UK) and Australia discuss the 
role of ground access to airports by public transport from an environmental perspective. Although 
urban rail projects worldwide face issues of cost overruns and lack of demand in favor of global 
competitiveness and environmental sustainability, airport rail link projects may be justified for 
reasons of economic efficiency and competitiveness in the context of Asian hub cities with sufficient 
urban density.

Chapter 3 analyzed the development of airport systems in megacities in Asia and world regions 
through a comprehensive review of descriptive statistics. It was found that the construction of new 
airports was most popular in emerging megacities in Asia, while the expansion of airport terminals 
occurred sequentially in both established and growing megacities in North America, Europe, and 
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Asia. Airport relocation, on the other hand, has been limited to a few megacities in the People’s 
Republic of China (PRC). It was also noted that multi-airport formation is relatively new, but is 
gradually occurring in established and growing megacities in Asia. New airports are typically built 
outside urban areas and connected by various airport rail systems, depending on the distance of 
access or egress to/from the city center. The construction of airport rail links has been intensive in 
recent decades and can be both proactive and reactive to the emergence and growth of megacities 
in Asia. Established megacities in North America, Europe, and East Asia have handled large air traffic 
flows with the development of multi-airport systems in global, regional, and national production 
networks, while emerging megacities in South Asia and Africa have not yet played a nodal role with 
the development of single-airport systems for limited air traffic flows. Population size (or megacity 
size) alone is not a determinant of airport system development, and megacities can be classified 
from single-airport system development to multi-airport system management in an evolutional way. 
Nevertheless, the geospatial assignment patterns of air traffic flows within multi-airport megacities 
appear to follow different development paths. Megacities with the development of single- and 
multi-airport systems have shown different levels of economic production and growth in Asia and 
global regions.

In Chapters 4 through 6, case studies were conducted on the development of the airport system 
in Tokyo and in cities in the PRC. First, Chapter 4 attempted to provide empirical evidence on the 
impact of improving airport accessibility through urban rail transport in the Tokyo Metropolitan 
Area. Three types of quasi-experimental methods were applied: spatial difference-in-differences 
(DID), propensity score (PS) matching, and inverse probability weighting (IPW) with the panel data 
from 2000 to 2010 to statistically test the impacts. The estimation results showed that improving 
the accessibility of a city airport has a significant impact on employment density and land prices. 
Second, Chapter 5 empirically examined the impact of airport upgrading on regional economies 
using DID methods with a data set of 88 cities with operating airports in the PRC, covering the 
period from 2000 to 2015. To examine the DID effect, the models with two-time frame DID 
and continuous-year frame DID are used. A counterfactual test based on resetting the upgrade 
year supports our main findings. The estimation results of the baseline models, which include 
all sample cities, show that regional GDP per capita could be increased by 11.0% to 12.2% by 
upgrading airports. Further estimation of models with two subgroups of larger and smaller airports 
found that the DID effects are significantly estimated in the regions with smaller airports, but 
may not be significant in the regions with larger airports. In addition, airport location was found to 
contribute to the distributional impact of airport upgrading on the urban economy, suggesting the 
importance of integrating airport planning with urban planning and comprehensive transportation 
planning. The additional analysis also found that high-speed rail (HSR) may not have an impact 
on the economic effects of airport upgrading. Third, Chapter 6 examined the airport’s continued 
investment in transportation capacity improvements in response to changes in airport and urban 
characteristics. Survival analysis was applied to the empirical data set of 122 airport upgrade projects 
in 79 cities in the PRC to understand the time interval of airport upgrades. The Kaplan–Meier curve 
showed that the probability of upgrading an airport is higher 5 to 15 years after the previous event. 
The estimated results of Cox regression models showed that the degree of urbanization and the 
share of tertiary industry production in total production are significantly negatively associated with 
the time interval of the airport upgrade, while airport status and the distance between the airport 
and the city center are positively associated with the time interval.
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Chapter 7 attempted to supplement the findings of the previous chapters by providing more detailed 
case studies of airport system development practices in developing cities in Asia, particularly 
Ha Noi, Jakarta, and Manila. All three cities have national capital status in Viet Nam, the Philippines, 
and Indonesia, respectively, but these cities represent different stages and phases of development.

The findings include the following: 

(1) The complexity of airport system development (e.g., construction of a single new airport, 
expansion of airport capacity, and formation of multi-airports) depends on the level of 
urbanization and stage of economic development (Ha Noi, Jakarta, and Manila). 

(2) International development agencies (e.g., ADB and JICA) can play an important role 
in enhancing the economic impact of airport capacity expansion along with ground 
transportation investments through loan programs and/or technical assistance in emerging 
economies (Ha Noi, Manila, and Jakarta). 

(3) The location of a (former) military air base in a metropolitan area is one of the critical 
determinants of multi-airport formation, as the choice of location for new airport 
construction or relocation is to some extent related to the availability and accessibility of 
public land for airport capacity expansion (Manila and Jakarta). 

(4) Asia’s major conglomerates could undertake the development and management of airport 
systems in an integrated manner by internalizing the broader economic benefits of building 
new airports through the development of land around new airport terminals and along 
ground transportation corridors, if governments (or international development agencies) 
offer generous incentives to private partners, such as a range of tax breaks (Manila). 

(5) Coordination of land use for airport-linked economic development often calls for the 
acquisition of land and resettlement of communities near highway interchanges and/or 
rail stations associated with airports. Military agencies may need to be involved in land use 
coordination for airport-linked development as public landowners in the vicinity of airports 
or former air bases (Ha Noi and Manila). 

(6) Relocating airports can lead to impactful and transformative redevelopment opportunities 
in inner-city locations, while limiting the possibility of secondary or tertiary airport uses 
(Jakarta). 

(7) The development of new secondary and/or tertiary airports is proposed to mitigate 
the concentration of traffic around existing primary and/or secondary airports in dense 
inner- city locations. However, the formation of multi-airports is likely to necessitate 
additional investments in ground transportation infrastructure and services, especially 
airport rail links for reliable passenger travel services, between city-center and city-fringe 
locations (Ha Noi, Jakarta, and Manila).
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(8) Investment in an airport rail link requires inter-jurisdictional and/or intersectoral 
development coordination to enhance metropolitan-wide connectivity and last-mile 
accessibility, although the direct benefits of investing in an airport rail link for travelers 
(e.g., ridership, traffic mitigation, and reliability) are still debatable (Manila and Jakarta). 

(9) The degree and pattern of the broader economic benefits brought by airport system 
development depend on land use zoning codes (e.g., flexible floor use and floor area ratio 
bonus for favorable land use) proactively adopted by municipal governments surrounding 
airports and/or along airport-linked ground transportation corridors (Manila and Jakarta).

8.2 Discussion

This section highlights the answers to the three research questions posed in Chapter 1.

(1) What types of urban policies have been discussed and/or practiced with regard to 
airport system development in megacities?

Our study identified three types of urban policies for the successful implementation of airport 
system development. The first type is the locational strategy for airport system development 
(e.g., building a single new airport, expanding airport capacity, and forming multi-airports) in and 
around emerging, growing, or established megacities, taking into account three key conditions: 
the availability of developable land, accessibility to/from city centers, and scope of air traffic flow. 
National authorities are usually responsible for this type of policy making. 

The second type is the strategic provision of ground transportation infrastructure and services, 
including airport rail links and expressways, in terms of airport infrastructure locational strategy and 
service provision within and around emerging, growing, or established megacities. This type of urban 
policy requires both inter-jurisdictional and intersectoral coordination among metropolitan-level 
stakeholders.

The third type is land use planning for aviation-oriented development, including designation of 
special economic zones, development policy guidelines, rezoning of land use, and development 
incentives around airports and along airport-linked ground transportation corridors in and around 
emerging, growing, or established megacities. This type of urban policy is typically initiated by 
municipal authorities in partnership with private developers, landowners (public and/or military), 
and other local stakeholders.

(2) How has airport system development influenced the spatial transformation of 
Asian cities?

Our study identified five stages of spatial transformation of emerging, growing, and established 
megacities with evolutionary development of the airport system. In the initial stage, the economic 
base of emerging cities is not yet strongly connected to larger production networks. A single-airport 
system, usually located near city centers in or around less urbanized areas, is likely to have limited 
influence on the spatial transformation of emerging cities in the early stages. 
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Second, cities that are part of larger production networks need to upgrade a single-airport system 
to handle increasing intercity passenger and cargo flows. Upgrading involves providing additional 
runways, taxiways, and new terminal buildings, usually at existing airports near city centers. 
An expanded single-airport system is likely to have some impact on the level and pattern of 
urbanization.

Third, growing cities need to further expand airport capacity to accommodate the continued 
economic development that accompanies rapid urbanization. However, as further expansion of 
airport capacity becomes difficult or even infeasible due to limited land in inner-city locations, 
growing cities tend to build a new airport in greenfield sites near or outside the city edge where 
developable land is available. In this development process, cities may choose to either close existing 
airports to create large-scale regeneration opportunities in inner-city locations or retain existing 
airports in inner-city locations to allow for the formation of multi-airports in metropolitan areas. 
Under either of these scenarios, development of the airport system is likely to bring additional 
decentralization effects to growing cities, while relocation of airports may bring densification effects 
to agglomeration economies near city centers. 

Fourth, as newly constructed airports handle more passenger and cargo flows around or beyond 
city limits, growing cities tend to invest heavily in airport rail links and expressways to improve 
airport accessibility and travel time reliability to and from city centers. Such ground transportation 
projects are likely to lead to airport-related land development and a shift in competitive business 
locations in terms of accessibility, travel-time reliability, and agglomeration economies around 
airport- connected locations in urban areas.

Fifth, some capital-status and/or competitive megacities in advanced economies (e.g., London, 
Los Angeles, New York, and Tokyo) may adopt more complex multi-airport systems as part of 
their evolutionary integration into national, regional, and global production networks by deploying 
secondary, tertiary, and/or additional airports along with a variety of ground transportation 
technologies inside and outside urbanized areas on different development paths (e.g., from 
monocentric to polycentric urbanization).

(3) Could policy options for airport system development influence the economic 
performance of Asian cities? 

Our empirical studies in Tokyo and cities in the PRC show that airport system development has had 
a positive impact on the local economies in the cities.

The Tokyo case study showed that improving the accessibility of the airport by rail has had 
significant positive impact on employment density. The significant increase in employment density 
may indicate that the location of businesses or commercial agglomeration near the train stations was 
encouraged by the improvement in urban rail accessibility to the city’s airport. Better rail accessibility 
to/from the airport allows locals to travel by train in less time and with better reliability than by car, 
and also allows visitors to reach their destinations more easily. This could lead to direct, indirect, or 
catalytic impacts on business agglomeration.
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The Tokyo case study also showed that improving airport rail access has had a significant positive 
impact on land prices. The significant increase in land prices may also indicate an increase in 
economic productivity in the areas where the airport urban rail accessibility has been improved. 
One of the factors in improving economic productivity is a direct effect of improved accessibility. 
Shorter first-/last-mile travel time to/from the airport allows local businesspeople to be more 
productive in their offices and allows visitors to stay longer in the areas, which could lead to 
further production and/or consumption. Another factor could be the agglomeration of businesses 
mentioned earlier. The cluster of businesses is expected to promote innovative activities by 
facilitating matching in the labor market, which allows employers to find qualified workers at a 
lower cost, improve knowledge sharing among workers by increasing opportunities for face-to-face 
meetings, and activate the learning process for local workers in communicating with others. The 
potential demand for offices in areas where rail access to the airport has been improved could lead 
to an increase in land prices.

A case study for cities in the PRC found that regional GDP per capita could be increased by 11.0% 
to 12.2% through airport upgrades. They concluded that airport upgrading has a significant positive 
impact on the regional economy for smaller airports, but may not for larger airports. Additional 
analysis indirectly revealed that airport access, along with airport capacity expansion, plays a critical 
role in airport-led economic development in cities with an airport located far from the city center. 
The results also suggest that the effect of airport upgrading on the regional economy is more 
remarkable in cities where high-speed rail (HSR) has not yet been introduced than in cities where 
HSR has been introduced. Additionally, the effect of airport upgrading is not significantly affected 
by the availability of HSR. The independence of the economic impact of airport upgrading from the 
availability of HSR is probably because the impact mechanism of airport upgrading is different from 
that of HSR. The effects of airport upgrading may affect the industries related to air transport or the 
highly productive industries that cover the global market.

8.3 Policy Implications

In summary, this study draws important conclusions from the above findings for the three levels of 
urban policy and development practices. 

National-level authorities are expected to play a critical role in developing a locational strategy for 
more dynamic and complex airport systems to ensure the competitiveness and sustainability of 
emerging and growing megacities in larger production networks, with monetary and/or technical 
support from international development agencies. 

Metropolitan-level entities are encouraged to collaborate horizontally in the strategic provision of 
ground transportation infrastructure and services, including airport rail links and expressways, to 
overcome the classic (but still existing) problem of jurisdictional and/or sectoral fragmentations and 
promote seamless travel experiences between cities and airports to improve accessibility, which in 
turn leads to airport-linked economic development.
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Municipal- and/or district-level agencies can take strong initiatives to enhance and capture the 
net economic impacts (especially accessibility and agglomeration benefits) of dynamic and 
complex airport system development through proactive land use coordination and unique business 
promotion/stewardship in collaboration with private developers, landowners (public/military), 
and other local stakeholders. 

The three levels of policy implications are interdependent, suggesting that the development and 
management of multilevel governance is essential for the competitiveness of emerging and growing 
cities (especially megacities), with the dynamic and complex development of airport systems on 
unique evolutionary paths to be successfully implemented in metropolitan, national, regional, and 
global production networks.

Finally, the economic success of emerging and growing Asian megacities with airport system 
development will depend largely on the path of recovery from the COVID-19 pandemic. While 
some analysts are pessimistic that global air traffic will never return to pre-COVID-19 forecasted 
levels, many countries are proactively making plans to reach a (new) normal state of business affairs 
by removing travel restrictions and reopening borders (IATA 2022a; ACI 2021). However, the 
actual recovery appears to be uneven across different regions of the world. Asia and the Pacific has 
so far shown the weakest performance of the major regions, reaching only 68% of 2019 travel levels 
by early 2022, in large part due to a slow recovery in international passenger markets (IATA 2022b). 
Nevertheless, the long-term recovery path of Asian megacities may be optimistic due to the mass of 
growing middle-class populations in the emerging markets (Andrianjaka 2017). Even in a pessimistic 
scenario, hub airports are expected to face capacity constraints after the recovery, so some types 
of infrastructure investments will need to be considered for sufficient airport capacity expansion 
(including ground transportation systems) to manage the resurging and growing passenger and 
cargo volumes in Asian megacities by 2040 (Gelhausen, Berster, and Wilken 2021). Essentially, 
such investment options are associated with the idea of green recovery to achieve some of the 
Sustainable Development Goals, such as “affordable and clean energy,” “sustainable cities and 
communities,” and “climate action” (IHLG 2019). 

We foresee that green investments in airport system development could act as an important 
catalyst for emerging and growing megacities to implement a set of urban climate change mitigation 
strategies (e.g., spatial planning, urban form and infrastructure, electrification and net-zero 
emissions resources, green and blue urban infrastructure, and socio-behavioral changes) and to 
achieve a wide range of economic co-benefits (e.g., reducing congestion costs, improving labor 
productivity and city competitiveness, and reducing health-care costs related to pollution and 
diseases) (Lwasa et al. 2022). We also see the aforementioned multilevel governance as one of the 
critical enablers for mobilizing private capital investment in Asia’s emerging and growing megacities 
with airport system development on sustainable trajectories.
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