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Abstract

This study compares urbanisation strategies in Japan and the USA through a decade-long (2009-2019)
analysis using Principal Component Regression (PCR). In order to identify important components that reflect
these urbanisation features, the dimensionality of sustainability, social equality, and infrastructure variables was
reduced using Principal Component Analysis (PCA). Based on their respective socio-political and economic
environments, the analysis shows that Japan and the USA followed different routes. Temporal trends of PCA
scores shows that USA’s urban growth is driven by income disparities, ageing infrastructure, and state-level
policy diversity whereas Japan's emphasis on disaster resilience, ageing population challenges, and technological
sustainability. The results of regression results show the relative contributions of 22 indicators and reveal
important factors affecting urban growth rates. Findings emphasise the importance of tailored policies to address
unique challenges, such as promoting public transport in the USA and incentivising population growth in Japan.
The study offers a methodological framework for cross-country urbanisation analysis with SDG 11 at its core.
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1. INTRODUCTION (bullet train) network, which carries more than
420,000 passengers daily with zero direct emissions.
CitY growth is reshaping economies, societies, and ~ Yet Japan also faces serious challenges, including

nature this century. Right now, more than 56% of  rural depopulation, a rapidly ageing population—
people live in urban zones - a number likely to hit where more than 28% of citizens are aged 65 or older

68% by 2050 (United Nations, 2019). With crowds —and persistent environmental threats such as
packing into cities, strong, fair, and long-lasting  earthquakes and tsunamis (World  Population
urban systems are now top priority. This rapid urban Review, 2023).

shift strains current systems and supplies, especially in

advanced nations such as Japan or the U.S. Countries ~ In contrast, the United States contends with the
now see how vital it is to build cities that handle  effects of urban sprawl, with 83.3% of its population
population growth well while reducing harm to  residing in urban areas (World Bank, 2020). Cities
nature caused by fast expansion, worldwide like New York and San Francisco have taken the lead
cooperation toward this aim goes by the name SDG ~ on sustainability efforts—New York, for instance,
11 - “Sustainable Cities and Communities”. Japan,  ims to cut greenhouse gas emissions by 80% by
where around 92% of the population lives in urban ~ 2050. However, large portions of the country
areas, has emerged as a global leader in building ~ continue to struggle with ageing and underfunded
compact and disaster-resilient cities (World Bank,  infrastructure. The American Society of Civil
2021). Tokyo, home to over 37 million people, stands ~ Engineers (2021) estimates that the U.S. needs about
as the world’s largest metropolitan region. The — $2.59 trillion in investment by 2029 to close its
country’s urban infrastructure is renowned for its  infrastructure gap. At the same time, social
efficiency, public transportation, and green  inequalities remain deeply entrenched in many urban

innovation — exemplified by the Shinkansen centres, where widening income gaps and a shortage
of affordable housing—particularly in high-cost cities
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like New York, where median rents now exceed
$3,500 per month (RentCafe, 2023)—exacerbate
urban stress. The urgency of this research lies in the
mounting economic and social costs of inadequate
infrastructure. In the United States, the massive
investment shortfall threatens long-term economic
competitiveness, while in Japan, declining urban
populations risk leaving advanced transport and
housing systems underused. Understanding how
equity,

interact is therefore critical to designing policy

infrastructure, social and  sustainability
frameworks that can effectively address these
structural issues and advance progress toward
Sustainable Development Goal 11. While much of
the existing research focuses on urbanisation within
single-country contexts, cross-national comparative
analysis remains relatively limited—especially through
quantitative approaches like Principal Component
Regression. By contrasting Japan’s compact, disaster-
the United States’

sprawling, resource-intensive framework, this study

resilient urban model with

seeks to deepen theoretical understanding of how
governance systems, demographic dynamics, and
infrastructure strategies together shape pathways to
sustainable urban growth.

2. RESEARCH QUESTION

How do Japan and the USA integrate infrastructure,
equity, and sustainability into urbanisation? What
factors drive or hinder SDG 11 progress in each
country?

3. LITERATURE REVIEW

Research on sustainable urbanisation increasingly
that
infrastructure, social equity, and environmental

emphasises  empirical  analyses connect
sustainability. Yet, much of the comparative literature
remains fragmented, often focusing on single-

country case studies or sector-specific interventions.

Urban infrastructure tracking plus its effects has
seen lots of study in fast-growing nations, giving
useful clues for richer countries too. (Zhang, 2016)
constructed a multidimensional composite index of
urban infrastructure in China, using 15 indicators
and social

spanning economic, environmental,

dimensions. Their principal component analysis
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revealed significant interprovincial disparities and
demonstrated that sectors such as technology,
utilities, and housing exert measurable positive effects

the

importance of holistic, quantitative approaches,

on urbanisation. Such work underscores
however, since it looks at a developing nation, doubts
remain about how well it fits advanced cities.

Sustainable ways of using land in wealthier areas
have been tracked through real data too. (Solly, 2021)
analysed 235 European interventions under the
ESPON SUPER project, classifying them by
objectives (e.g., densification, regeneration) and
governance instruments. Their findings stress that no
“one-size-fits-all” strategy exists, with success often
contingent on local institutional capacity and long-
stability.  While in  policy
implications, it focuses mostly on Europe and skips

term  policy rich
comparisons with other developed nations, say Japan
or the United States.

Demographic shifts plus social changes make up
another key factor. Tsutsumi (2020) looked at Japan’s
older population and how it reshapes cities, showing
that fewer workers alongside more dependents strain
infrastructure over time. That idea matches Nored’s
(2011) work on U.S. city spread, where sparse
growth tied to more driving plus higher emissions,
highlighting environmental and structural downsides
of scattered layouts. These studies provide valuable
national insights but fail to comparatively present
their results.

On top of that, studies into city resilience and
emergency readiness - like Ishiwatari’s look at Japan
weaving disaster risk steps into urban rules - show
how local dangers steer building choices. Chapple,
checking U.S. metro development plans back in
2014, pointed out fairness and green concerns often
get left behind in expansion blueprints. Side by side,
this research reveals how power structures tip the
scale between profit-driven growth and long-term
infrastructure needs.

With profound work done in this field, literature
gaps still exist. First, existing studies seldom integrate
different dimensions like infrastructure measurement
(e.g., Zhang) or governance/institutional design (e.g.,
Solly). Second, cross-country analyses between
developed economies with distinct demographic,
cultural, and spatial patterns— Japan’s compact,
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urbane cities and USA’s expansive, vertically-
growing spaces are notably scarce. Lastly, few studies
employ multivariate statistical methods like Principal
Component Regression that help in identifying the
variables that best define contemporary places. This
study addresses these gaps by conducting a decade-
long comparative analysis of Japan and the USA,
incorporating infrastructure, equity, and
sustainability indicators.

4. BACKGROUND

Japan: Japan's urban planning during the years 2009-
19 was marked by a shift towards compact city
models, smart city innovations, and sustainability-
focused urban redevelopment.

In 2009, Japan started tweaking how land was used,
aiming to balance smaller cities getting even smaller
while boosting big urban areas to make them work
better and feel nicer to live in. These moves played a
key role in bringing life back to towns losing people.
(Ahmadi et al., 2024) Then came the 2011 Tohoku
quake and tsunami - that changed everything in how
Japan approached city design. The destruction
pushed new rules that focused on withstanding
disasters, pushing buildings onto higher ground,
adding flood barriers, along with better emergency
systems. From 2014 onward, smart city projects
spread across the country, rolling out more than 50
efforts to weave in Al tech and green power options.

In Japan, cities started shaping neighborhoods to
better fit older adults, as their numbers rose
(Yokohari & Ting, 2017). Urban infrastructure
became increasingly barrier-free, with accessible
public transport and healthcare-integrated housing
developments gaining prominence. As of 2024,
Japan's  urbanisation  strategy  exemplifies a
comprehensive approach to modern urban challenges

like demographic decline.

The United States: Meanwhile, the U.S. urban
framework evolved from a history of rapid
population growth, suburbanisation, and innovation
This city

developments, climate adaptation, and addressing the

cycles. period  emphasised  smart

socio-economic challenges of urban sprawl while
balancing federal, state, and local governance models
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to optimise policy implementation. The aftermath of
the 2008 financial crisis brought significant federal
investment into urban infrastructure. The federal
Smart Cities Initiative back in 2015 pushed big metro
areas such as Phoenix to use digital tools more, along
with live urban monitoring setups. Instead of just
focusing on tech, cities started prioritizing renewable
power sources while improving public transport
options - both became central to lasting urban
growth. Take New York’s OneNYC Plan from the
year: included  cutting
greenhouse gases while also growing green spaces
across the city. On top of that, coastal areas began

same its main goals

taking resilience more seriously, putting money into
projects like reviving wetlands or building seawalls to
handle climate threats better.

In the past years, the U.S. has focused on equitable
urbanisation to address disparities in housing,
transportation, and digital access. Nature-based
solutions such as urban cooling strategies and
elevated infrastructure designs turned into key parts
of how cities get designed.

5. DATA

The data utilised for the study has been taken from
authentic and reliable sources like UN Habitat,
World Bank Open Database, UNDP, OECD, EM-
DAT, etc.

The variables selected for PCA encompass a range of
dimensions that align with the study's focus on
sustainable urbanisation:

Metrics include urban

Urban Infrastructure:

population,  transportation, and  employment,

capturing the structural growth of cities.

Sustainability: Indicators such as greenhouse gases
emissions, damage caused by disasters, and annual

highlight  the

between urban development and environmental

freshwater withdrawals balance

preservation.

Social Equity: Measures include age dependency
ratio, representation of women in workplaces, and

access to technology, healthcare and education,
reflecting the distribution of urban services and

quality of life.
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5.1. Rationale for choosing indicators

City growth isn't just about more people moving in
- economic changes tag along, tech evolves, nature
takes hits; together, this mix nudges progress toward
goal 11. The chosen indicators span a broad range of

shifts,

advancements, economic activity, etc.

dimensions;  demographic

technological

Demographic indicators like the age dependency
ratio, urban population levels, net migration, and
population density are some of the components of
this study. These variables highlight the spatial and
structural dynamics of populations, illustrating how
migration and urban growth influence resource
allocation and the sustainability of urban systems.
Economic and labour-related metrics, such as
household labor
participation, unemployment, and investments in
capture the interplay
between urbanisation and economic productivity.

consumption, female force

transport  infrastructure,

Urban areas often emerge as hubs of economic
opportunity but face challenges in managing
unemployment and ensuring equitable access to
Environmental and health
including greenhouse gas emissions, air pollution,

resources. indicators,
freshwater withdrawals, and healthcare expenditure,
underline the trade-offs and pressures urbanisation
exerts on natural resources and public health systems.
Governance and social development metrics, such as
political stability, representation of women in
parliaments, and progress on gender equality,
underscore the role of effective governance in
fostering equitable and inclusive urban growth.

Finally, technological indicators, including internet
penetration and mobile cellular subscriptions, reflect

the transformative role of technology in bridging the
digital divide and enhancing urban quality of life.
Together, these indicators form a comprehensive
framework for exploring the factors that contribute
and
implications for global development priorities.

to sustainable urbanisation its  broader

6. METHODOLOGY

This paper employs
Regression (PCR) to quantitatively evaluate the

Principal Component
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sustainable urbanisation trends of Japan and the
United States over a decade (2009-2019). The
methodology  integrates
Analysis (PCA) to reduce the dimensionality of

multiple

Principal Component

indicators  such  as  sustainability,
infrastructure, and social equity, followed by a
regression model to assess the relationship between

these components and urban growth.

6.1. Principal Component Analysis

PCA is applied as the first step to address the
multicollinearity present in a dataset comprising
various interdependent indicators. By transforming
the original variables into uncorrelated principal
components, PCA reduces dimensionality while
the This
methodological approach, supported by Zhang et al.

preserving maximum  variance.
(2016), has been widely used in studies of sustainable
urban development to identify key factors that
contribute to urbanisation patterns. PCA not only
the dataset but also the
identification ~ of thematic  groupings (e.g.,
infrastructure, sustainability, and equity) and their

simplifies enables

relative contributions to urbanisation.

6.2. Multiple Linear Regression Model

The principal components derived from PCA serve
as independent variables in the Multiple Linear
which called  Principal
Component Regression. PCR bridges the strengths
of PCA and regression analysis by allowing a clear
examination of the influence of components on SDG
11.
specified as follows:

Regression  Model is

The multiple linear regression equation is

k
Y = B,+ X BPC, + ¢
i=1

=

(1)

where:

e Y represents the dependent variable (SDG 11-
five year moving average).

[ is the intercept

Bi are the regression coefficients for the ith
principal component

PGis the ith principal component

k is the number of principal components
retained in the model
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e ¢ is the error term

7. ANALYSIS

7.1. Analysis of PCA Results

7.1.1. Japan

In Japan, variables associated with economic activity,

technological ~advancement, and transportation
infrastructure are mainly captured by PC1. Railways,
Mobile Use, Internet Use and Goal 9’s average
(Industry, Innovation and Infrastructure) highlight
Japan’s focus on efficient public connectivity (Refer
A-2). Japan's mountainous terrain and limited arable

the of

populations in dense urban areas, leading to the

land have necessitated concentration

development of highly planned cities like Tokyo,
Kyoto, and Osaka (Perez et. al, 2019).
and

Japan’s on health investment

sustainability is highlighted by PC2. Spending on

emphasis

transportation infrastructure is also a variable highly
correlated with this PC. As a result, PC2 critically
depicts a society dealing with an aging population.
PC3 includes urban population and disaster damage
demonstrating challenges faced especially by urban
areas in Japan.

The social equality with respect to gender has been
very insignificant since Goal 5’s average has a
negative correlation with PC3 which does not
theoretically make sense. Women’s participation in
parliament (a variable) shows correlation with the
PC4 which explains a meagre 5% of variation.
However, a certain representation of our 3rd
principle i.e. social equality can be seen by the
Female Labor Force Participation Rate which is
correlated with PC1 and hence contributes to the
59% of variance.Certain variables have eigenvectors
that require careful analysis. On PCl1, positive
correlation of Age Dependency Ratio, and negative
correlation of Freshwater withdrawals and Education
Expenditure are associated with policy failures and
the rising demand of older citizens for public services
like transportation and subsidised healthcare (Internet

Geography, n.d.)
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7.1.2. USA

For the US, PC1 accounts for 63.8% of the variance
(Refer A-1), capturing factors related to urban
infrastructure and economic activity including Age
Dependency Ratio, Urban Population, Population
Density and Property Prices. These variables signify
how population structure has influenced urbanisation
patterns in the United States. Cities like New York,
Los Angeles and Chicago have experienced increases
in urban sprawl, which leads to high demand for
housing and an increase in property prices. Some
that
migration from rural areas leads to economic growth

studies have shown urbanisation due to

as compared to natural urbanisation (Shaban, Kourti,
and Nijkamp, 2022). Also, PC1 is affected by factors
such as % of individuals using the internet, mobile

cellular  subscriptions, health expenditure and
proportion of seats held by women in parliament.
These factors reflect the country’s advanced

technological and social infrastructure, aligning with
the goal of sustainable and equitable growth of the
country.

PC2 explains 17.9% of the variance, contributors
related and
efficiency of government. Indicators like Passengers

include factors to  transportation
carried by Railways and Political Stability estimate
the importance of governance in managing urban
mobility and population shifts effectively. PC3 is
highly influenced by factors such as disaster damage,
GHG emissions and net migration. These factors are

somewhat correlated with each other as the USA is
more prone to wildfires and tornadoes. People
residing in disaster prone areas often have to migrate
to other places due to structural loss and air pollution

from smoke and dust storms.

PC4, only contributing 3%, is negatively affected by
spending on transportation because of the lack of
affordable and sustainable public transport options in
the USA which forces people to use personal vehicles
creating financial burdens. (“The High Cost of
Transportation in the United States”, 2024)

7.1.3. Comparison of Loadings

While Japan’s approach emphasises compact,

compact, sustainable development and disaster
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Table 7.1.3.1: PCA Summaries

Countries Japan USA

PCs PC1 PC2 [PC3 PC4 |PC5 |PCI PC2 PC3 |PC4 PCS5

Standard deviation 3.6086 |2.0668 |1.3040 [1.1223 10.8912|3.7463 |1.9824 |1.4199 |0.8574 |0.6494

Proportion of Variance 0.5919 10.1942 10.0773 10.0573 10.0361]0.6379 10.1786 10.0916 10.0334 10.0192

(Cumulative Proportion 0.5919 [0.7861 10.8634 10.9206 10.9567(0.6379 10.8166 0.9082 [0.9416 10.9608

Source: Computed values by authors through R coding. See original dataset in Table A-1.
Table 7.1.3.2: PCA Loading
Countries Japan USA

Indicators PCl PC2 IPC3 PC4 PC1 PC2 PC3 PC4
IAge Dependency Ratio [0.2727  |-0.0743  [0.0101 -0.0170  0.2604 -0.0440  0.0589 0.1822
Urban Population 0.0414 [-03251 }0.3832  J0.1688  0.2635 0.0135 0.0308 0.1175
IGHG Emissions -0.1522  }0.3950  }0.0229  [-0.0669 02042 [-0.0185 [0.3442 0.1660
Internet Use 0.2425 |-0.1608  ]0.1127 -0.0160 102442 -0.1591  }-0.1104  ]0.0979
(Consumption Exp -0.2442 |-0.0982 10.0619 -0.3118  |-0.2075 |-0.1202  }0.3481 [0.1012
Female LFPR 0.2607 _ [0.1301 -0.0668  |-0.1156  }0.1724  |-0.3697  [0.0104 -0.0033
Health Exp 0.1783  |-0.3025  }-0.2648 1-0.1936__ 10.2312 -0.1259  }0.1739  ]-0.2191
Education Exp -0.2569 |-0.1187  }0.0575  |-0.1788  }-0.1359  ]0.2485 0.2828 0.6332
Military Exp -0.0366 [0.2568 -0.4186  |-0.5157  }-0.2557 |-0.1211  {0.0539 |-0.0008
'Women In Parliament |-0.0163 [0.3994 01021 [0.4596  0.2317 -0.1185  10.2055 0.0885
Unemplovment -0.2721 0.0674 0.0569 0.0764 -0.2653  |-0.0281  }-0.0381  ]-0.0170
INet Migration 0.2119  10.3059 -0.0127  |-0.0083  10.0994 0.3343 -0.3979 _ 10.2013
Political Stability 0.1895 |-0.0707  ]0.0720 0.0808 -0.1562  [0.3421 0.0361 -0.2305
Property Prices [0.2729  [0.0611 -0.0817  |-0.0038  0.2547 -0.1094  10.0972 0.0031
Disaster Damage -0.0475 }-0.0003  }0.6272  [0.3220  10.0836 -0.0046  0.5702  |0.4111
Freshwater withdrawals|-0.2693 10.0073 0.1066 0.1313 10.2467 0.0870 0.0430 -0.1466
Railways Pass 0.2697 |-0.0838 [0.0767 0.0243 |0.0578 0.4741 0.0787 -0.1675
Population Density -0.2685 10.0873 0.0430 0.1360  10.2634 0.0240 0.0257 0.1150
Goal 9 0.2549 [0.0919 0.0157 0.1724 0.0978 -0.4357 _ 0.1900 0.1920
Goal 5 -0.1436_{0.2820 -0.3345  |-0.1621  }-0.2250  |-0.1878  }-0.2058  |-0.1046
[Mobile Use 10.2684 |-0.0890  }0.0755 |-0.1058  [0.2575 0.0848 0.0320 0.0478
[Transportation [0.0916 03631  [0.1637  ]-02996 0.2470  ]-0.0892  [0.0669 |-0.2701

Source: Computed values by authors through R coding. See original dataset in Table A-1

the  USA’s  urbanisation  is

suburban

preparedness,

characterisedby expansion, economic
dynamism, and technological innovation. In Table
7.1.3.2, the bold values show the variable correlated
on that particular PC. The PC1 in both countries
underscored the economic activity budding from the
urban infrastructural growth. The primary variance
is commonly captured by Real Residential Property
Prices Index and Political Stability estimates which
have a positive correlation on the first two PCs.
Various studies reveal the unstated principle that a
politically ~stable country propels its economic
development and rising property prices are an
indicator of  better  urbanisation.  Another
commonality is the negative correlation with the
unemployment variable which implies the rising

economic efficiency and better employment
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opportunities as urbanisation accelerates. Japan’s
secondary components reflect distinct geographic
and cultural constraints, such as disaster resilience
and environmental sustainability, whereas the USA’s
secondary patterns prioritize infrastructure and
migration. These variations are a reflection of larger
structural differences between the USA's wvast,
resource-intensive approach and Japan's compact,
efficiency-driven metropolitan model. In both
countries, PC3 is dominated by Disaster Damage,
indicating common natural hazards including
tsunamis, earthquakes and wildfires. As shown by
Table 7.1.3.1, the first 3 PCs were selected as they
explain the most variation in the entire data pool.
For Japan, PC1, PC2 & PC3 cover 86% of variation
while for the USA, they account for 91%

cumulative variance.



RAMJAS ECONOMIC REVIEW, VOL. 7

7.2. Comparative Temporal Trends

PC1, which describes the economic activity and
urban infrastructure in both countries, has a negative

score between 2009 and 2014. This may be related to
the aftermath of the 2008 global financial crisis and
the recovery from the 2011 Tohoku earthquake, or it
may indicate slower urban expansion or economic
difficulties. Scores show a clear increasing trend, with
turning positive in 2015 and peaking in 2019. This
probably suggests infrastructure that is resilient to
disasters and urban development. Japan’s PC2 (which
indicates sustainability and health) scores show poor
trends. This is because of the urban problems of

and life

More facilities related to

environmental  pollution insufticient
environment facilities.
recreation, social welfare, and proper disposal are
necessary in Japanese urban cities (Taniguchi &
Department of Humanities and Social Sciences,
1981). PC3 scores decrease over time because Urban
Population has been declining in Japan as a part of
the total population. Damage caused by disasters
contributes negatively to PC3 which shows a
declining trend. Thus, it can be said that over time
Japan has managed to reduce its Disaster damage by

perfecting their infrastructure.

USA’s PC2 scores extensively cover negative trends
in railway transportation, political stability and
SDG9’s (Industry, Innovation & Infrastructure)
moving average. This is because over the decade of
2009-19, the USA’s public policies were more
focused on tackling the challenges in their financial
markets, international relations, and terrorism.
Political instability is attributed to these factors
whereas the poor use of railways signals that the USA
relies on air travel more than rail travel (Glusac,

2019).

Scores for PC3 in the USA majorly range from -1 to
1. This shows that sustainability in the USA has been
inconsistent due to the fact that the country lacks
profound policies on sustainable urban development
and has been usually occupied with other matters of
concern.

7.3. Multiple Linear Regression

We conducted Regression with 3PCs as regressors to
find the explained variation in our chosen dependent
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variable, SDG11.

The SDG values are originally calculated as a five-
year moving average, so it is standardised through z-
scores to predict the effect of SDG 11 as it provides a
comparable measure of urban sustainability over time
and across regions.

7.3.1. Regression Summary

When comparing the regression models for Japan
and the United States, the results indicate notable
differences in the strength and precision of the
models. Japan’s Multiple R value of (0.94) reflects a
stronger the independent
variables and SDG 11 outcomes compared to the
United States (0.90). This suggests that the selected
predictors  capture  Japan’s
dynamics more effectively.

correlation between

urban  sustainability

The R Square for Japan demonstrates that
approximately 88.4% of the variation in SDG 11 can
be explained by the independent variables, surpassing
the USA’s explanatory power of 82.6%. This is
further reinforced by the Adjusted R Square, which
remains high for Japan (0.83) relative to the USA
(0.75), that the
substantive relevance in Japan’s context even after

confirming variables  retain

accounting for the number of predictors.

Moreover, the Standard Error for Japan (0.07) is
lower than that of the USA (0.17), indicating a
higher degree of precision, with smaller average
deviations between predicted and observed values.
This statistical evidence suggests that Japan’s
integrated urban planning, strong governance
and mobility and

environmental priorities yield urban sustainability

alignment emphasis  on
outcomes that are more consistently and accurately
captured by the model. In contrast, the higher
variability in the U.S. model reflects the nation’s
more varied urbanisation patterns, decentralised
governance structures and regional disparities, which
reduce the uniformity. These findings provide
quantitative support for the proposition that cohesive
national strategies, as seen in Japan, enhance the
predictability of progress toward sustainable urban
development.

The regression outputs reveal key differences in the
strength and direction of relationships between the



























