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Into the 21st century, metropolitan areas worldwide are experiencing great changes of
“urban age” or “urban triumph” (Paddison, 2012). Nonetheless, rapid urbanization leads to
fragmented development, infrastructure strain, and socioeconomic gaps. The primary challenge for
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city leaders is not just "how much" a city grows, but "how well" it grows. However, to measure
urban growth, the tools used are too simple. Traditional measures include population size or GDP
growth. They are helpful, but they do not fully show how metropolitan areas evolve. This issue is
especially true in megacities such as Bangkok (Angel & Lamson-Hall, 2018). This is because growth
trends are not easily described. They show a mix of expansion, increased density and
infrastructure, and social fragmentation.

A comprehensive Metropolitan Growth Index (MGI) is needed to deal with three connected
challenges. First, the policy challenge, urban planners need combined indicators to find a balance
between different goals (like economic growth versus environmental sustainability). Second, the
analytical challenge, researchers require frameworks that illustrate the systemic relationships
among various growth aspects. Third, the governance challenge, metropolitan areas cover multiple
administrative regions, necessitating standardized metrics for effective coordination and
accountability.

This paper tackles these challenges by creating and testing a detailed MGI framework. The
idea behind this framework is that we need to see metropolitan growth as a complex process that
happens on different levels and intensities in various elements. This study is applied to the
Bangkok Metropolitan Region (2014-2024 dataset) as a case study. This is due to its complexity as a
fast changing Asian megacity dealing with infrastructure growth, environmental risks, and socio-
economic disparities.

A Metropolitan Growth Index is important for several reasons. In term of standardization, it
creates a shared framework for evaluating different regions. In term of prioritization, it assists in
directing limited financial resources to the areas that will benefit the most. In term of
accountability, It gives the public to monitor how well local governments are doing in relation to
sustainability objectives. To create a Metropolitan Growth Index (MGI), it is a complex job that

involves balancing economic health, environmental sustainability, and social fairness.

2 Literature Review

2.1 Evolution of Urban Growth Measurement
In the early days, urban measurement mainly looked at how populations were growing

(Berry, 1964). Later, it started to include economic factors (Hall, 1966). In the 1990s, many studies
used sustainability measures, including the WHO (1997) "Healthy Cities" indicators and Giffinger et
al. (2007) the "Smart Cities" models. Angel et al. (2011) noted in their Atlas of Urban Expansion
that these measures were still focused on some sectors instead of a big picture. Later, many tried to
combine these approaches. There was a study by UN to study Habitat's City Prosperity Index (2012).
There were five factors used in the study. These factors were productivity, infrastructure, quality of
life, equity, and sustainability. The OECD study on "How's Life in Your City?" (2020) focused on

aspects of well-being. Having these improvements, it is still hard to find a framework to better
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measure urban growth. The Bangkok Metropolitan has developed a mass rapid transit master plan
(OTTPP, 2020), which has contributed to urban growth.

2.2 Theoretical Foundations
Urban growth patterns are crucial for understanding urbanization and its environmental

impacts. Landscape indices, like the simple urban growth index and the landscape expansion index
(LEI), are utilized to detect urban growth patterns. However, many of these indices lack the
capability or robustness to identify multi-temporal patterns. Cao et al. (2022) introduced the
modified urban growth index (Sm) using a 4-step method to identify urban growth patterns.
Bagheri & Soltani (2023) examine the spatial and temporal patterns of urban growth and
population in Iran's metropolitan areas. Their analysis uses a novel method that combines two
growth indicators: a) ULE (urban land expansion) and b) PPE (population pattern evolution), which
are applied to demographic data and satellite images.
There are three main theoretical ideas for a proposed framework.
o Urban Systems Theory (Batty, 2013): This theory sees metropolitan areas as complex
systems where different parts interact in unpredictable ways.
e Political Economy Approaches (Brenner, 2014): This approach highlights how patterns of
growth are influenced by power dynamics and governance.
e Sustainable Development Frameworks (WCED, 1987): This framework aims to balance

economic, social, and environmental factors.

2.3 Key Measurement Debates
Critical debates in the literature inform the framework's design:

- Quantity vs. Quality: Should growth metrics reflect both the scale and the quality of
development? (Stiglitz et al., 2009)

- Endogeneity: How can we consider the interactions between components (for example,
infrastructure investment influencing economic growth)?

- Normalization: What methods can be used to compare metropolitan areas at various stages
of development and in different cultural settings? (Sassen, 2018)

- Temporal Dynamics: How can we capture not only the current conditions but also the

growth paths and momentum? (Seto et al., 2012)

2.4 Existing Frameworks' Limitations
Many existing frameworks show one or more of these issues: dependence on available data

instead of ideal data (Kitchin, 2014); lack of focus on informal economies and settlements; poor
consideration of environmental carrying capacity; and inability to address metropolitan-scale

phenomena that differ from city-scale dynamics (Harrison & Hoyler, 2015).
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3.1 Conceptual Design Principles
The MGI framework is based on five main design principles, see Figure 1.

CONCEPTUAL DESIGN PRINCIPLES
1. Comprehensive but practical

2. Focus on metropolitan scale
3. Sensitive to context

4. Ability for longitudinal analysis
5. Relevant to policy

Figure 1: Five design principles for MGI framework.

1. Comprehensive but practical, limited to 15-20 main indicators, is a balanced approach
covering all aspects while maintaining implementability.

2. Focus on metropolitan scale is to show regional perspective instead of local/municipal
dynamics

3. Sensitive to context is by permitting adaptation of indicators to conditions and
constraints while maintaining comparability)

4. Ability for longitudinal analysis is relevant to tracking changes and trends over time.

5. Relevant to policy is connected to actionable strategies and directly informs decision-

making and implementation.

3.2 The Five Core Components
There are MGI five core components to be considered, see Figure 2. Table 1 gives details of

each MGI core component. For Demographic Dynamics, it involves analyzing population growth
trends and structural characteristics. For Economic Vitality, it involves evaluation of economic
growth, structure, and inclusivity. For Spatial-Physical Transformation, it involves assessing
changes in land use and the development of the built environment. For Infrastructure
Development, it involves evaluation the growth and quality of physical & digital infrastructure.

Socio-Environmental Sustainability, it involves evaluation environmental impacts & social equity.
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MGI Five Core Components

o Demographic Dynamics
o Economic Vitality

‘ o Spatial-Physical Transformation

o Infrastructure Development

o"SOc_io-EmﬁronmentjaI Sustainability

Figure 2: Five core components of MGI.

Table 1: Details of MGI five core components.

Component/Indicator

Details

1: Demographic Dynamics

Itis to analyze trends in population growth and structural characteristics.
* Indicators are Growth rate of population (core vs. periphery); age dependency
ratio; migration balance; population density gradient

« Safety & Security: Crime rates and perceived public safety.

» Education Access: Quality of public schooling and vocational training.
« Rationale involves identifying key expansion trends and demographic changes

2. Economic Vitality

It is to evaluate economic growth, structure, and inclusivity.
* Indicators are GDP/GRP growth; employment rate; economic diversification
index; income inequality (Gini coefficient).
* GDP per Capita Growth is the baseline for productivity.
* Innovation Index is measured by patent filings and R&D investment.
* Foreign Direct Investment (FDI) indicates levels of international
confidence in the local economy.
« Rationale is that economic factors are essential for metropolitan growth

3. Spatial-Physical
Transformation

It is to assess changes in land use and the development of the built environment:
« Indicators are rate of urban land consumption; density change index; green
space per person; mixed-use development index

« Rationale involves that physical patterns affect sustainability and livability

4. Infrastructure
Development

It is to evaluate the growth and quality of physical and digital infrastructure:
« Indicators are growth rate of transit networks; water/sewerage coverage; digital
connectivity index; infrastructure quality assessment
* Transit Access: Percentage of the population within 500 meters of
high-frequency public transport.
* Digital Integration: High-speed internet penetration and "Smart City"
loT infrastructure.
» Housing Elasticity: The ability of the housing supply to keep pace
with population growth.
« Rationale involves infrastructure supports and shapes growth patterns

5. Socio-Environmental
Sustainability

It assesses environmental impacts and social equity:
« Indicators include carbon footprint per person; air/water quality indices; ratio
of affordable housing; spatial segregation index

» Green-to-Gray Ratio: The amount of permeable green space relative

to concrete/built environments.

 Carbon Intensity: CO2 emissions per unit of GDP.

» Waste Circularity: Rates of recycling and waste-to-energy conversion
« Rationale is that the quality of growth is as important as its quantity

http://TuEngr.com
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3.3 Operationalization Methodology

3.3.1 Data Normalization

Indicators are normalized using min-max scaling or z-score standardization to enable
aggregation,

(Actual Value — Minimum Value)

Normalized Score = (Maximum Value — Minimum Value) @).
3.3.2 Weighting Scheme
Component weights can be assigned through:
1. Equal weighting (for baseline comparability)
2. Expert Delphi method (for context-specific priorities)
3. Principal Component Analysis (for statistically derived weights)
Aggregation Formula
MGI = 11'1:1 CWl' : CSl' (2),
Cs; = Z{:i]fj=1 IW;; - NIj; 3),
where

Cs;= Component Score for component i,

Cw;= Component Weight for component i,

IW;; = Indicator Weight for component i and indicator j,
NI;; = Normalized Indicator for component i and indicator j,
n = total components, and

k = total indicators for the component being considered.

3.3.3 Growth Typology Classification

Based on component score patterns, metropolitan regions can be classified into growth
typologies as follows.

- Balanced Growth: This is seen that all components are advancing.

- Unbalanced Growth: This is seen that some components advancing faster.

- Extensive Growth: This is seen in high demographic/spatial, low sustainability.

- Intensive Growth: This is seen in high infrastructure/economic, moderate demographic.
4 Resuts

Tested data for each core component was normalized on a scale of 0 to 10, see Table 2. If

considering equal weight, the total MGI score is obtained through the average of all components.
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Table 2: Component Score and MGI Score.

CivPrtle | DRSO | Ennc | pla | DU | coionmer | MG
Transformation Sustainability
(In%ﬁztﬁal) 5.0 8.6 5.5 6.0 4.0 5.82
(T((a:ci;yHBub) 45 9.3 45 8.0 6.5 6.56
(Pf;mgd) 75 5.9 6.5 9.0 8.5 7.48

From the data and the MGI calculation (Table 3), the finding for City B indicates strong
economic growth is linked to low social equity because of increasing housing prices. City C shows
the best overall MGI scores, indicating that deliberate infrastructure and environmental policies

help stabilize long-term growth.

4.1 Data Collection and Normalization
The framework is applied to the real dataset.

Bangkok Metropolitan Administration (BMA) Statistical Reports (2014-2024), National Statistical
Office (NSOT, 2014-2024), World Bank Urban Indicators (World Bank, 2021), satellite imagery

analysis (Landsat), and transit agency reports. Missing data were estimated using interpolation.

Table 3, dataset were collected from the

Each component is scale between 0-10.

Table 3: Component score and MGI score of Bangkok.

Component 2014 Score 2024 Score Growth Rate Key Drivers
Demographic Dynamics 5.2 5.8 +0.6 Peri-urban expansion; core saturation
Economic Vitality 6.8 7.4 +0.6 Service sector growth; EEC competition
Spatial-Physical 55 7.1 +1.6 Vertical densification; TOD development
Infrastructure 4.9 7.8 +2.9 Mass transit expansion; digital upgrades
Socio-Environmental 4.1 4.3 0.2 Minimal progress on equity, environment

Total MGl scores 5.3 6.48 +1.18

Table 4, the absolute growth is +1.18 points (22% increase (=100%(6.48-5.3)/5.3)). This is
corresponding to annual growth rate of 2.2% (=22%/10years).

4.2 Growth Pattern Analysis
Bangkok shows fast growth driven by infrastructure. From the decade-apart data in Table 4,

the Infrastructure Development score is increased by 59% (the highest), Spatial-Physical
Transformation is rose by 29% (the second highest), Demographic growth is minimal (11%), and
Socio-Environmental sustainability remained stilled (5%). This trend indicates that Bangkok's
growth approach focuses on important infrastructure investment to promote densification instead

of expanding spatially.
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4.3 Radar Visualization
Based on Bangkok 2024 score in Table 4, the radar chart Figure 3 clearly shows the uneven

infrastructure-heavy profile. It indicates that socio-environmental sustainability is falling behind.

Demographic (5.8)
. \
Socio-Env (4.3) Economic (7.4)

A /
I Infrastructure (7.8) I
|
Spatial-Physical (7.1)

Figure 3: Radar chart based on Bangkok 2024 MGI five core component score.

5.1 Theoretical Implications
The case of Bangkok shows that the type of growth is more important than the overall

growth rate. Standard measures indicating a moderate 2.2% annual MGI growth hide a key fact:
Bangkok is experiencing significant change due to infrastructure-driven densification. This
supports Batty's (2013) view of complex systems—investing in infrastructure generates positive
feedback loops in economic and spatial areas, while likely leading to negative effects on
sustainability.

The framework highlights the trade-offs and synergies of different components. Bangkok's
investment in infrastructure worked well with spatial intensification but had a weak connection to
socio-environmental results. This supports the political economy critique (Brenner, 2014) that

growth patterns show state priorities (like infrastructure modernization) over concerns for equity.

5.2 Methodological Insights

Challenges in normalization arose due to indicators that lacked clear direction (for instance,
higher density can be seen as good or bad based on the situation). The solution was to set context-
specific targets instead of maximums or minimumes.

Sensitivity analysis of weighting showed that using different weighting methods (equal
versus weighted) changed absolute scores but not the relative patterns or classification of typology.
Thus, this supports the robustness of the framework.

Data availability issues were most pronounced for the Socio-Environmental Component (like
inequality metrics and informal economy data). This highlights a systemic gap in urban data in

Global South regions.

5.3 Policy Relevance
For Bangkok's policymakers, the framework's findings suggest the following.
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1. Re-balancing priorities: Managing the sustainability gap, interventions are needed instead
of depending on infrastructure growth benefits.

2. Leveraging synergies: Investments in infrastructure should also give environmental and
social benefits, like affordable housing near transit.

3. Managing trade-offs: Rapid growth leads to areas of winners and losers. Thus, this needs

compensate mechanisms for disadvantaged groups.

5.4 Comparative Potential
A comparison with other major cities in Southeast Asia shows different types of growth, see

Table 4.

Table 4: Growth typology of Southeast Asia megacities.

Megacity Growth typology
Jakarta Growth driven by population with delayed infrastructure
Singapore Well-rounded growth that focuses on sustainability
Manila Growth driven by population but uneven, leading to social and environmental issues

These trends demonstrate how the framework allows for organized regional comparisons
while considering local differences.

6 Conclusion

This paper has created and tested a framework for measuring metropolitan growth that fills
important gaps in urban assessment tools. By combining five key elements including Demographic
Dynamics, Economic Vitality, Spatial-Physical Transformation, Infrastructure Development, and
Socio-Environmental Sustainability. This framework is able to include the complex nature of
metropolitan development. The framework is also practical.

The application to Bangkok data (2014-2024) shows the framework's analytical benefits,
uncovering an Infrastructure-Led Intensive Growth trend that traditional single-metric methods
would overlook. This finding has direct implications for policy, helping to adjust growth priorities
and manage trade-offs. The framework is strong across different weighting systems and responsive
to various growth types.

Future studies should broaden comparative applications in different metropolitan
environments, improve indicator selection, and create dynamic modeling capabilities to
understand how components interact. The framework can be adjusted to specific needs with
keeping core comparability.

This conceptual MGI framework is designed to look at metropolitan paths, compare different
urban areas, and help create fair and sustainable growth plans for cities in the 21st century. Since
big city areas influence the world's economy and environment, these frameworks serve as

important academic studies and essential tools for governance.
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