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Abstract: Focusing on the Asia-Pacific region and the concept of inclusive green growth, this paper
designs a four-dimensional analysis framework of economic prosperity, social inclusion, resource uti-
lization, and environmental sustainability. It constructs a scientific and reasonable inclusive green
growth indicator system for the Asia-Pacific region. In order to make the research results more
robust, the research method mainly uses factor analysis, supplemented by clustering method and
entropy method to evaluate and cross-validate the inclusive green growth level of 37 countries and
regions in the Asia-Pacific region. The study finds that the level of inclusive green growth in the
Asia-Pacific region is highly affected by the country’s economic development level. The latent hetero-
geneity in the distinct development stages of various countries explains why the in-region countries
differ vastly regarding their inclusive green development levels. The inclusive green growth indica-
tor system integrates the availability, accuracy, and standardization of data in selecting indicators,
making the measurement results more referentially valuable. It helps grasp the actual state of in-
clusive green growth in the Asia-Pacific region. The paper summarizes the policy suggestions to
promote inclusive green growth in the Asia-Pacific region, involving accelerating economic develop-
ment and institutional improvement, and reinforcing regional cooperation in the Asia-Pacific area for

elevating the overall regional inclusive green transformation.

Keywords: Asia-Pacific; inclusive green growth; sustainable development; factor analysis; indica-
tor evaluation

1. Introduction

With its vast territory and large population, the Asia-Pacific region astonishes the
world with its swift economic growth and tremendous development potential through
active regional cooperation. The region is recognized as the most powerful engine of the
world economy, playing an essential role in the global network with vigorous vitality.
However, its rapid economic growth has also produced excessive consumption of energy
and resources, pollution and damage to the ecological environment, and severe inequality
of social opportunities. Its traditionally industrialized growth model is unbelievably far
from being sustainable. Many countries and regions now confront complex economic trans-
formation and upgrading tasks because of insufficient force to drive endogenous growth
and the pressure to make structural adjustments. Most of the in-region countries are facing
the challenge of the middle-income trap. The colossal Asia-Pacific region accommodates
the world’s first- and second-largest economies and a large body of densely populated
developing countries and emerging markets. Whether the region can achieve a green
sustainable development path would critically affect the world’s economic development.

In order to sustain economic growth with improved social well-being and environ-
mental benefit, it is essential to transform traditional sloppy growth into inclusive green
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development. This has become the joint development and cooperation demand and
development responsibility for the Asia-Pacific-region countries. To do so, we need to
assess the present development situations of the countries carefully, scrutinizing the fac-
tors of whether and how much the countries adhere to the people-oriented development
and achieve coordination and balance in the relationships between people and nature,
economy and society, government and market, and countries and regions. This study
builds an inclusive green growth assessment system concentrating on economic prosper-
ity, social inclusion, resource conservation, and environmental livability. The study aims
to help understand the level of inclusive green development in the region and assist in
enforcing more effective policies for the region’s sustainable development.

However, there is no clear definition of inclusive green growth or a method to evaluate
its core content. Relevant research is also much inadequate for the Asia-Pacific region.
To solve these problems, we have reformulated and enhanced the meaning of inclusive
green growth and dedicated to establishing a scientific, concise, and sustainable index
system for inclusive green growth in the Asia-Pacific region. Furthermore, by comparing
the mainstream assessment methods, we contribute a believably more suitable method
to assess the issue, providing a comprehensive portrayal of the levels of inclusive green
growth in each Asia-Pacific country. The study enables us to explore sustainable, inclusive
green development paths fitting for different countries.

Inclusive green development is a new category arising from the synthesis of inclusive
growth and green development. Upon understanding the two synthesized components,
we can accurately grasp the connotation and extension of inclusive green development.
Green development is today’s world development trend, bearing vital theoretical and
practical significance in promoting a sustainable environment [1]. However, no universal
definition is acknowledgeable for green development. Similar concepts such as “green
economy” and “green growth” are interchangeably utilized as the equivalent connotations
in the reports of various international organizations, with only minor differences in seman-
tic expressions. Nonetheless, they all emphasize promoting economic growth and rational
utilization of natural capital and environmental resources. They advocate to prevent and
reduce waste pollutions and create chances to improve overall social welfare by building a
green economy, making it possible to step towards sustainable development [2].

The idea of a green economy first appeared in 1989 in the British environmental
economist Pearce’s Blueprint for a Green Economy [3]. It seeks to achieve a sustainable so-
ciety through a green economy from environmental economics perspectives. In fact, “green
growth”, which is widely promoted globally, is closely related to sustainable development,
with the United Nations (UN), the OECD, the World Bank (WB), and other international
organizations as the leading advocates. In 2005, UNESCAP provided the first explanation
of what the green economy means [4]. In 2009, OECD formally defined green growth as
the pursuit of economic growth and development while preventing costly environmental
damage, climate change, loss of biodiversity, and unsustainable use of natural resources [5].
In 2011, UNEP incorporates social equity beyond the pursuit of economic development,
formulizing green development as the improvement of human well-being and social eq-
uity while significantly reducing environmental risks and ecological scarcity [6]. In 2012,
the World Bank reiterated green growth as growth that effectively uses natural resources
and clean energy for minimizing pollution and environmental impacts and increasing
resilience of the society to natural disasters [7]. In the same year, OECD concluded the pur-
pose of national strategies and programs of green growth. Its goal is to motivate businesses
and consumers to undertake more environment-friendly activities, facilitate the smooth
and equitable reallocation of jobs, capital, and technologies, and provide proper incentive
and support in the context of developing ecological innovations [8]. Despite the overlap
of these interchangeable concepts and definitions, all of them reflect the ultimate goal of
achieving a green sustainable society in the end.

In 2007, the Asian Development Bank proposed a parallel concept, inclusive growth in
its publicized study of “The New Asia, The New Asian Development Bank”. The concept
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designates a form of sustainable development that continuously creates and expands
economic opportunities while ensuring that members of society have an equal right to
share in the benefits of growth. The concept has two core points: first, raising the level
of per capita income as a basis for creating and expanding economic opportunities [9];
second, assuring to consider and incorporate the distributional efficiency of economic
growth. Only when economic growth is equitably distributed can social sustainability be
fundamentally secured. Various international organizations have also proposed different
indicator systems for assessing and measuring inclusive growth (Table 1).

Table 1. Inclusive growth evaluation index system.

Evaluation Index System Indicator Structure
World Economic Forum (WEF) Inclusive Economic growth, inclusion and intergenerational
Growth Policy Framework and Indicator equity 3 primary indicators and 12 secondary
System [10] indicators
World Bank’s (WB) “Multidimensional Income (or consumption), access to education, and
Measure of Poverty” [11] infrastructure accessibility 3 dimensions

Economic growth, social equity, and
environmental sustainability 3 primary indicators
and 26 secondary indicators

Asian Development Bank’s (ADB)
Inclusive Green Growth Index [12]

Source: own elaboration.

The connotation of inclusive green growth is precisely the coupling of the two devel-
opment concepts of inclusive growth and green development. The concept of “inclusive
green growth” was first introduced at Rio+20 in 2012 to integrate the interests and concerns
of industrialized countries with those of developing countries to achieve a joint green
economy and inclusive growth. In the same year, the World Bank (WB) stated that in
order to meet the urgent survival and development needs of the world’s poor, economies
must maintain rapid growth. However, the growth without green and inclusive qualities
is inevitably unsustainable in the long run. Therefore, inclusive growth must be green,
and green growth must be inclusive [7]. In September 2015, the United Nations Sustainable
Development Summit adopted the programmatic document “Changing Our World—2030
Agenda for Sustainable Development”. With the new UN Sustainable Development Goals
announcement, inclusive green growth has become a new trend and central theme in
global environmental and development fields. Many countries have thus commenced
incorporating the new concept and thus developing new core strategies with “inclusive
green growth” [13]. Promoting inclusive green growth can, in the short term, rapidly boost
employment and revitalize the economy, as well as effectively adjust the economic structure
and rationalize the relationship among resources, environment, and economic growth.
It is more conducive to sustainable and extensive growth in the long term, minimizing
the recurrence of social and economic crises and driving coordinated and sustainable
development achievable in the true sense [14].

Inclusive green growth as a comparatively new concept in recent years still lacks
adequate integrated research, even though scholars have sought to study the green devel-
opment of various countries from the lens of inclusive green growth. Ojha et al. (2020)
employed a dynamic CGE modeling tool to show to what extent a balance among greening,
growth, and inclusiveness can be attained [15]. Sun et al. (2020) evaluated an inclusive
green growth model for China [16]. Berkhout et al. (2017) focused on agriculture and rural
development for achieving Inclusive Green Growth [17]. Mukonza et al. (2020) centered
on topics relating to Governing Inclusive Green Growth in Africa (GIGGA) and mapped
academic literature based on geographical biases and topical gaps [18]. Li et al. (2014)
further summarized green development as two dimensions: sustainable development of
economy and society and sustainable development of resources and environment [19].
The research objects and focused fields of these studies are, however, relatively narrow
and constrained. This paper otherwise seeks to establish an integrative assessment frame-
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work for the Asia-Pacific region in a broader scope. It can be seen that the connotation of
inclusive green growth integrates the conceptual kernels of inclusive growth and green
development. It aims to pursue an innovative development model that integrates economic,
ecological, and social benefits while emphasizing and reconciling fairness, sustainability;,
and development. In other words, inclusive green growth reconciles economic growth,
social inclusion, resource conservation, and environmental friendliness. It is an advanced
connotation for achieving coordinated economic, social, and environmental targets.

The existing research in green development assessment mainly focuses on the fol-
lowing aspects: first, green accounting evaluation. It refers to the integrated accounting
system of resources, environment, and economy established by incorporating resource and
environmental factors into national economic statistics. Green accounting formulizes the
accounting data and the results of economic activities considering resource-consuming
costs and environmental losses, targeting to measure the changes in real societal wealth and
the states of resource uses and the environment. Early collaboration between the United
Nations Statistical Office and the World Bank served to integrate environmental issues
into the System of National Economic Accounts (SNA). The effort installed the System of
Integrated Environmental-Economic Accounting (SEEA), which serves as a guiding model
for countries to conduct comparable environmental and economic accountings. Two spe-
cific green accounting approaches are commonly practical: the natural resource and value
volume accounting approaches. Green gross domestic product (GGDP) accounting is one
of the important parts of green accounting evaluation. For instance, Xu (2015) carried
out Green GDP accounting and variance analysis of resource-based cities of China [20].
Rasmussen (2021) analyzed barriers and opportunities in developing and implementing a
Green GDP [21]. Chen (2021) proposed a comprehensive eco-efficiency framework based
on energy theory, green gross domestic product (GGDP) and data envelopment analysis
(DEA) to get a thorough assessment of regional sustainability [22]. Another important part
is the measurement of total factor productivity and green efficiency. This type of study
takes into account resource and environmental factors, treating resources as inputs like
labor and capital, and environmental pollutant emissions as undesired outputs, according
to Chen (2010) [23], Wang et al. (2010) [24], Huang et al. (2015) [25], Wang et al. (2018) [26],
He et al. (2021) [27], Vlontzos et al. (2014) [28], Fang et al. (2019) [29], etc.

Second, green economy evaluation. In 2009, the Organization for Economic Coop-
eration (OECD) advocated a green growth strategy with a comprehensive framework to
integrate economic, environmental, and social indicators for guiding countries to address
environmental pollution, hazardous damages, and climate change in economic develop-
ment [30]. This indicator system has been widely experimented with by many countries
such as Korea [31], the Netherlands [32], the Czech Republic [33], and Mexico [34]. Many in-
ternational organizations have devoted themselves to constructing green growth evaluation
index systems from varying perspectives (Table 2). Despite the technical emphases in their
constructs, they generally suggest reconciling the economic, social, and environmental in-
terests to reduce environmental pressure and harmonize economic growth with sustainable
resource and environmental governance.

Third, green index evaluation. Two versions of the green index are commonly influen-
tial. One comes from American scholars Hall and Kerr’s green index evaluation system
in 1991, integrating the green state and green policy notations [39]. The other is the con-
sumer environmental protection “Green Index” jointly issued by National Geographic and
Canada’s GlobeScan in 2008. Regarding the green index, especially the Green Development
Index, relevant scholars have done extensive research on different regions, fields, and per-
spectives. For example, Lin et al. (2019) adopted the super-efficient non-radial DEA model
to measure the green index of economic development of each region in China to measure
the degree of resource consumption and environmental pollution in the process of eco-
nomic development of a region [40]. Yuan et al. (2020) proposes an evaluation framework
with two composite indices from two perspectives. One is the Green Industry Performance
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(GIPer) index to assess the current performance, and the other is Green Industry Progress
(GIPro) index to reflect the historical effort in green transformation [41].

Table 2. Green growth evaluation index system.

Evaluation Index System Indicator Structure

Environmental and Resource Productivity,
Natural Asset Base, Environmental
Dimensions of Quality of Life, Economic
OECD Green Economy Growth Measure [14] Opportunities and Policy Responses,
Socioeconomic Context and Growth
Characteristics; 5 primary Indicators,
16 secondary Indicators

United Nations Environment Programme 3 guideline layers of issue-setting indicators,
(UNEP) Green Economy Indicators policy development objectives and policy
Framework [35] evaluation objectives, 14 element layers

Environmental benefits, economic benefits and
social benefits; 3 primary indicators,
6 secondary indicators

World Bank (WB) Green Growth Policy
Evaluation Indicator System [7]

Dual Citizen Global Green Economy Index 15 elements in 4 categories: leadership, policy,
(GGEI) [36] clean tech investment and sustainable tourism
Green Growth Knowledge Platform (GGGI) The current state of the country, social
Green Growth Initiative Evaluation Indicator development, resource and environmental
System [37] sustainability in 3 categories and 5 elements
3 primary indicators of economic growth
Beijing Normal University’s China Green greenness, resource and environmental
Development Index System [38] carrying potential, and government policy

support; 9 secondary indicators

Source: own elaboration.

This paper makes the following contributions by sorting out relevant studies on in-
clusive green growth: Firstly, theory and framework innovation. For inclusive growth,
most indicators lay more emphasis merely on economic growth and its distribution is-
sue. As per green development, more concern places on accounting for resources and
the environment independently. Inadequate is the integrative research to fuse the set of
resources, environment, economic development, and social well-being to deliver a holistic
assessment of inclusive green development. For addressing the issue, this paper con-
structs a comprehensive evaluation index system revealing the relationship between nature,
economy, and society. It measures the level of inclusive green growth in the Asia-Pacific
region by redefining and enriching the connotation of inclusive green growth and integrat-
ing the rationality and availability of indicators. Secondly, the analytical method is more
robust. Some commonly adopted assessment approaches, such as hierarchical analysis,
expert assignment method, or average weighting method, bear more subjective, leading the
results to be sensitive and arbitrary to subjective judgment and parameter weight twisting.
For avoiding subjectiveness and arbitrariness, objective assessment approaches, such as
principal component analysis, factor analysis, and entropy weighting, are generally prefer-
able. In order to deliver more informative measurements, this paper adopts the factor
analysis method, supplemented by the entropy and clustering methods, to measure the
level of inclusive green growth in the Asia-Pacific region. The assessment result is again
cross-verified by comparing the supplementary results to make the assessment more robust.
However, this paper differs from other studies using factor analysis in indicator construc-
tion. Besides summarizing the overall level and ranking of inclusive green growth of the
countries in the Asia-Pacific region, we deliver more holistic measurements by ranking
each country or region in four distinct dimensions: economic prosperity, social inclusion,
resource utilization, and environmental sustainability. Such investigation affords us more
profound insights into the factors affecting the level of inclusive green growth.
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Fourth, policy innovation. Through a comprehensive three-dimensional analysis of
the evaluation results, the study provides pragmatical policy suggestions on exploring and
promoting the pathway and practice to reinforce inclusive green growth in the Asia-Pacific
region underneath the international context.

2. Methods and Data
2.1. Construction of Inclusive Green Growth Indicator System in Asia-Pacific

The Asia-Pacific region holds a large number of countries, and each country has a
different geographical location, resource endowment, and economic development status.
This paper, following the principles of internal logic, data availability, systematization,
and representativeness, attempts to construct an inclusive green growth indicator system
for the Asia-Pacific region by combining the characteristics of Asia-Pacific countries and
the connotation of inclusive green growth (Table 3). Integrating the four dimensions of
economic prosperity, social inclusion, resource utilization, and environmental sustainability
(Figure 1), the indicator system builds upon 10 primary indicators and 26 secondary
indicators, aiming to comprehensively, concisely, and accurately assess the level of inclusive
green growth in the Asia-Pacific region.

Economic prosperity reflects the economic quality of inclusive green growth, i.e., the
basis of the economic growth and its degree of economic stability. Economic prosperity is
an obvious goal and a primary criterion for inclusive green growth [42]. It is important
to emphasize not only what economic outcomes to achieve, e.g., the scale of economic
development and the steady growth of income and welfare, but also the economic dynamics
that create the wealth. So economic prosperity is identifiable explicitly in three aspects:
economic growth level, economic development potential, and economic stability. The
level of economic growth can be measured by GDP per capita, annual GDP growth rate,
and total import and export. Economic development potential is mainly determinable
by the country’s R&D effort to provide scientific and technological support for economic
development. Further, it is associated with the urbanization rate, which represents the
proportion of the population with economic vitality and provides the backbone for modern
economic development. The stability of the economy is measurable by the inflation rate. A
too high or too low inflation rate can cause economic turmoil, while a moderate rate could
stabilize economic growth.

Table 3. Inclusive Green Growth Indicator System in Asia-Pacific.

Dimensional Layer Domain Layer Indicator Name Symbols Meaning Unit Indlcat.o y
Properties

. GDP divided by Positive
GDP per capita X year-end population Usb indicators

(Current year

GDP annual growth X GDP—Previous year o Positive

Growth Level rate 2 GDP)/Previous year ? indicators
GDP
Total import and Value O.f goods Positive
X3 exported in current usD L
export indicators
dollars

Economic prosperity R&D expenditure as a X4 R&D expenditure % . Po.sitive

share of GDP divided by GDP indicators
Development
Potential Urban population .

Urbanization rate X5 divided by total % . PO.S itive

g indicators
population
Current price local
Economic currency GDP
s Inflation rate X6 divided by constant % Inverse Indicator
Stability

price local currency
GDP
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Table 3. Cont.

Dimensional Layer Domain Layer Indicator Name Symbols Meaning Unit Indlcatf) y
Properties
Number of secondary
school students of Positive
Enrollment Xy official school age % indicators
divided by the total
population of that age
Percentage of the
population aged 15
Education and Adult literacy rate Xs and over who can % Positive
Employment understand, read and indicators
write short texts
about everyday life
Number of labor force
not working but
available for work o .
Unemployment rate Xo and seeking work Yo Inverse Indicator
divided by total labor
force
Social Inclusion - . Number of doctors Positive
Physician Density Xio per 10,000 people People indicators
Life expectancy at X Life expectancy at Age Positive
birth 1 birth & indicators
Medical Health Rate of infant deaths
Infant mortality rate X12 before the first year of %o Inverse Indicator
life per 1000 cases
Population aged 65
Population Aging years and over o .
Rate X3 divided by total %o Inverse Indicator
population
Infrastructure o Percen't age O.f o Positive
Energization rate X14 population with %o .
level L. indicators
access to electricity
GDP in PPP terms per
Energy consumption kg of oil-equivalent Tons of
or unit of GDP X5 eherey consumption standard  Inverse Indicator
p 8y p coal/USD
on average
Energy_ Renewable energy
consumption Percentage of X g o
consumption divided o Positive
renewable energy Xi6 Yo L
- by total energy indicators
consumption .
consumption
Energy supply per X1y Megajoules chylded Megajoule . Po§1t1ve
capita by population indicators
e Land used for
R Utilizat
esource Lthization Arable land holdings farming and Positive
. Xis L2 Hectares L
per capita temporarily idle per indicators
capita
Land covered by
upright trees with an Positive
Forest cover X19 in situ height of at % e
least 5 m divided b indicators
Other Resource cas y
Endowment the land area
Land yield efficiency Xa0 GDP divided by land 1515 /3 Positive
area indicators
Renewable inland Renewable resources . "
.. Cubic Positive
freshwater resources Xo1 of a country divided L
meters indicators

per capita

by its population
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Table 3. Cont.
Dimensional Layer Domain Layer Indicator Name Symbols Meaning Unit ;?:;::ttioers
Emissions from fossil
. fuel combustion and .
CO; emissions per . Metric .
capita Xon cement production tons Inverse Indicator
P divided by
population
) Average exposure
Environmental Average annual X levels of PM2.5 /m? Inverse Indicator
pressure exposure to PM2.5 B divided by He/m
population
. Biological carrying
Envirc.‘nm(?r}tal Folo\letri}ilctollr?dg;(al er X capacity per person Hectares Positive
Sustainability P capita p 24 minus ecological indicators
P footprint per capita
Population using
(? ell;fae:i‘zangi;fl safely managed Positive
psal?el manage dg X5 sanitation facilities % indicators
ey gec divided by total
. sanitation facilities .
Environmental population
Protection Populati ;
pulation using
0 Ele;.’rCiZ?\tiETHOfsafe safely managed Positive
pop ne X2 drinking water % L
managed drinking indicators

services divided by

water services total population

'E(vironmg

\

T tlnclusuvegreen Srowth} | Social
Q’ja'“ab'l'ty / \\ \,\Inclusmn

Resource

Qtlllzatlon

Figure 1. A four-dimensional analytical framework for inclusive green growth. Source: own
elaboration based on (WB 2012; GGGI 2013).

Social inclusion reflects the social progress in inclusive green growth, i.e., social equity,
stability, and happiness of inclusive green growth. Social inclusion is a unique connotation
with inclusive growth. It emphasizes the importance of fair opportunities and rights
for different groups beyond mere economic development, which guarantees sustainable
social development. Humans are also a creative resource, whose creativity is a wealth that
society must develop. It requires society to provide sufficient essential welfare goods and
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services so that everyone can have fair and convenient access to fundamental rights to
education, health, medical care, and social security, promoting people’s welfare universally.
Specifically, the degree of social inclusion is expressible from three perspectives: education
and employment, medical and health care, and infrastructure level. The school enrollment
rate, school failure rate, and adult literacy rate altogether measure the equity of education
and employment opportunities. Higher school enrollment and adult literacy rates designate
a more equitable distribution of educational resources. Lower unemployment rates infer
more job opportunities. The education and employment indicator serves as a reliable
measure for an inclusive society.

Health care is measured by doctor density, life expectancy at birth, infant mortality
rate, and population aging rate. The higher the density of doctors, the higher the life
expectancy at birth, and the lower the infant mortality rate, the more equitable the distri-
bution of medical resources. The higher the population aging rate, the more significant
the aging characteristics of the population structure, and the heavier the medical burden.
The level of infrastructure can be measured by the electricity rate. The higher the electric-
ity rate, the more widespread the country’s electricity network, and the more robust the
infrastructure.

Resource utilization reflects the essential resource dynamics of inclusive green growth,
i.e., the primary resource endowment and energy consumption of inclusive green growth.
Improving resource utilization is vital for inclusive green growth, which points out the
adjustment path for inclusive green growth in the future. Developed countries often no
longer rely on resource endowment to enhance competitiveness. However, easy access
to natural resources is still the basis for ensuring development, which, to a large extent,
affects the country’s competitive advantage and comparative advantage.

Energy consumption is vital for economic development and meanwhile may produce
a considerable impact on the environment. Energy consumption includes the energy
consumption per unit of GDP, the percentage of renewable energy consumption, and per
capita energy supply, reflecting the structure and efficiency of energy use. Measuring other
resource endowments consists of four indicators: per capita arable land area retention,
forest coverage, land yield efficiency, and per capita renewable freshwater resources.
The indicators represent the endowment levels of arable land resources, forest resources,
land resources, and freshwater resources, reflecting the abundance and sustainability of
natural resources.

Environmental sustainability reflects the environmental conditions underlying inclu-
sive green growth, i.e., the environmental carrying capacity and environmental protection
underlying inclusive green growth. A healthy ecological environment is a prerequisite for
inclusive green growth and is crucial for the country to provide policy support. With the
development of the economy and society, human activities have brought tremendous
pressure to the natural ecological environment. However, at the same time, human beings
realize that to obtain sustainable development, we must respect nature, protect nature,
and reasonably develop and use natural resources. Specifically, the health of the ecological
environment is measurable in two dimensions: environmental pressure and environmental
protection. Environmental pressure is identifiable via per capita CO, emissions, average an-
nual exposure to PM2.5, and per capita net ecological footprint index. Precisely, per capita
COy emissions reflect the impact of human activities on climate, average annual expo-
sure to PM2.5 reflects the level of air pollution, and per capita net ecological footprint
index reflects the pressure on the ecological environment caused by human activities.
Environmental protection is explainable by the percentage of the population using safely
managed sanitation facilities and the percentage of the population using safely managed
drinking water services. The level of investment for environmental protection can be
indirectly reflected by the cleanliness of sanitation facilities and drinking water.
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2.2. Data Sources and Research Methods

The breadth and typicality of the sample for the assessment of inclusive green growth
in the Asia-Pacific region are related to the accuracy and reference value of the research
findings. Considering the influence and popularity of the countries, the availability,
accuracy, and standardization of statistical data, and the breadth of the sample size, we ul-
timately select 37 countries in the Asia-Pacific region for the study (Table 4). The sample
covers the vast majority of developed and developing countries in the Asia-Pacific region,
which better represent the development levels of different countries in the Asia-Pacific region.

Table 4. Sample Distribution of Inclusive Green Growth Assessment Countries in Asia-Pacific.

Region Country

Canada, United States, Mexico, Peru, Chile,
Colombia, Ecuador

North and South America

East Asia Russia, Japan, Korea, China, North Korea, Mongolia

Australia, New Zealand, Papua New Guinea, Solomon
Oceania Islands, Vanuatu, Palau, Nauru, Tuvalu, Samoa, Tonga,
Federated States of Micronesia, Marshall Islands

Vietnam, Laos, Cambodia, Myanmar, Thailand, Malaysia,
Southeast Asia Singapore, India, Indonesia, Philippines, Brunei,
Timor-Leste

Source: own elaboration.

There are many countries in the Asia-Pacific region with extremely uneven economic
and social development. The statistical systems of some countries are still imperfect,
and historical data are missing. By integrating the latest official data of various indicators
of Asia-Pacific countries, this study finally selects the data of relevant indicators of each
country in the Asia-Pacific region in 2017. The data come from the World Bank database,
World Statistical Yearbook 2020, PEW Charitable Trusts, and other international institutions.
The missing part of data is collected from national statistical yearbooks and the official
websites of national statistical departments. The official data works as a uniform caliber to
ensure data comparability.

The index system established in this paper contains several evaluation indicators,
which are not comparable directly due to each indicator’s distinct attributes and scales.
Therefore, we need to convert the raw data to be dimensionless to make the indicators
positive and standardized on a comparable scale. The indicators are classified into positive
and negative: the larger the positive indicator, the more favorable to the inclusive green
growth of the country and region; the smaller the negative indicator, the more favorable
to the inclusive green growth of the country and region [43]. The treatment formula is
as follows.

Xij — min (Xj)
max (Xj) — min (Xj)

max (Xj) — Xij
max (Xj) — min (Xj)

Positive indicators. Xij=

)

Reverse indicator.Xij= (2)
where Xij is the score value of indicator j in country 7, and max (Xj) is the maximum
value under indicator j, the min (Xj) is the minimum value under indicator j, and xij is the
original value of indicator j in country i.

Among the evaluation methods of index systems, there are mainly subjective and
objective assignment methods, including hierarchical analysis (AHP), data envelopment
analysis (DEA), factor analysis, principal component analysis, entropy method, and other
measurement methods. Different methods are suitable for evaluating different effects,
and the choice relies on the distinctness of the research problem. The hierarchical analysis
is a subjective assignment method, which requires expert scoring and is subjective and
arbitrary. The data envelopment analysis is an evaluation method to study the relative
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effectiveness of production decision units of the same type. Neither of these two methods
applies to the situation of this paper with multiple variables and large samples. Scoring
and ranking the inclusive green growth levels of Asia-Pacific countries in this study
requires careful consideration of multiple dimensions and indicators, involving data from
26 indicators of 37 countries, with many variables. The possible correlation between many
variables also increases the complexity of the problem analysis, while blindly reducing the
indicators will lose relevant information and affect the conclusion. Based on this fact, to
make the results more robust and the research results more informative, this paper finally
chooses to evaluate inclusive green growth in the Asia-Pacific region objectively, mainly
by factor analysis method, supplemented by cluster analysis method and entropy weight
method.

3. Assessment Results
3.1. Factor Analysis

Factor analysis is a classical multivariate statistical analysis technique, which trans-
forms indicator variables with strong correlation into fewer uncorrelated indicator variables
for dimensionality reduction. The basic principle is to study the correlation between a set
of indicators, synthesize them into a few comprehensive common factors, and represent the
original variables by these comprehensive factors in a linear model. The method replaces
more original indicators with fewer composite indicators, which can effectively solve
the problem of information overlap among indicators and simplify the structure of the
indicator system with better objectivity. The evaluation and analysis process is as follows.

First, applicability test: KMO and Bartlett’s sphericity test. The KMO (Kaiser-Meyer—
Olkin) test analyzes the correlation between variables by comparing the simple correlation
coefficient and the partial correlation coefficient. According to the KMO test, KMO values
between 0.5 and 1.0 are suitable for principal component analysis [44]. The original
hypothesis is that “the variables are independent of each other” if the result rejects the
original hypothesis, it means that the correlation between the variables is high and suitable
for factor analysis. The applicability test was performed on the available data, and the
probability of significance of Bartlett’s sphericity test chi-square statistic was 0.000, which is
significant at the 1% level. The KMO value was 0.641, indicating that it is suitable for factor
analysis (Table 5).

Table 5. KMO and Bartlett’s test.

The Kaiser-Meyer—Olkin Metric of Sampling Adequacy 0.641
Approximate cardinality 779.354
Bartlett’s Sphericity Test df 325
Sig. 0.000

Second, extraction of common factors: eigenvalues and cumulative contribution rates.
In order to better explain the main factors, the maximum variance method was utilized
to perform orthogonal rotation [45], with a maximum number of 25 iterations to obtain
the feature roots, variance contribution rate, and the cumulative variance contribution rate
of each dimension (Table 6). According to the criterion of feature root greater than 1.0,
we extract seven common factors with eigenvalues greater than 1.0. The selected seven
factors cumulatively explain 79.061% of the total data variance, which can adequately
characterize the comprehensive information of the selected sample. The seven principal
factors are denoted as Fy, F», F3, Fy, F5, Fg, and F5.
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Table 6. Eigenvalues and variance contribution.
Initial Eigenvalue Extraction of Squares and Loading Rotate Square and Load
Ingredients

Total % of Variance Cumulative %  Total % of Variance Cumulative %  Total % of Variance Cumulative %

F 9.148 35.183 35.183 9.148 35.183 35.183 8.431 32.426 32.426

F, 3.009 11.573 46.756 3.009 11.573 46.756 2.773 10.665 43.091

F3 2.668 10.263 57.019 2.668 10.263 57.019 2.442 9.393 52.484

Fy 1.781 6.851 63.869 1.781 6.851 63.869 1.960 7.538 60.023

Fs5 1.500 5.769 69.638 1.500 5.769 69.638 1.800 6.923 66.946

F¢ 1.361 5.233 74.872 1.361 5.233 74.872 1.707 6.565 73.511

F; 1.089 4.190 79.061 1.089 4.190 79.061 1.443 5.550 79.061

Third, factor loading matrix. Table 7 shows a table of the loading values of the factors
after rotation, reflecting the effects on the original variables.

Table 7. Factor load matrix.

Variables F1 F2 F3 F4 F5 F6 F7
X1 0.789 0.093 0.179 0.161 0.058 0.173 0.430
Xz 0.176 0.096 0.131 0.050 0.914 0.175 0.122
X3 0.344 0.140 0.731 0.227 0.107 0.061 0.029
X4 0.635 0.272 0.434 0.124 0.075 0.208 0.201
X5 0.832 0.211 0.051 0.049 0.015 0.085 0.138
Xe 0.058 0.667 0.072 0.063 0.034 0.353 0.099
Xy 0.858 0.125 0.037 —-0.321 0.046 0.170 0.019
Xs 0.725 0.102 0.297 0.323 0.415 0.033 0.139
Xo 0.060 0.893 0.113 0.078 -0.123 —0.145 0.049
X10 0.824 0.048 0.118 0.099 0.065 —0.372 0.045
X11 0.614 0.712 0.055 0.013 0.074 0.002 0.105
X2 0.869 0.233 0.034 0.136 0.175 0.021 0.030
X13 —0.748 0.304 0.241 0.040 0.035 0.044 0.057
X14 0.556 0.122 0.050 0.403 0.173 0.058 0.062
Xi5 0.283 0.306 0.205 0.095 0.759 0.149 0.190
X16 —0.590 0.460 0.049 0.398 0.195 0.019 0.002
X1y 0.826 0.007 0.205 0.188 0.042 0.231 0.101
X18 0.141 0.018 0.892 0.047 0.096 0.081 —0.100
X19 0.207 0.267 0.222 0.151 0.115 0.678 0.237
X290 0.180 0.058 0.095 0.132 0.011 —0.073 0.905
Xo1 0.003 0.096 —-0.184 0.856 0.019 0.136 0.071
X2 —0.832 0.034 0.269 0.132 0.068 —0.235 0.026
Xo3 0.321 0.182 -0.577 0.199 0.177 0.455 0.003
Xos 0.022 0.396 0.266 0.608 0.014 0.289 —0.353
Xo5 0.620 0.272 0.050 0.159 0.060 0.313 0.175
X6 0.480 —0.150 0.168 0.152 0.067 0.513 0.191

The results show that several variables are highly correlated with the seven selected
principal factors. As principal factors are perfectly independent of each other with no multi-
collinearity by theory, the seven selected factors can be used in subsequent data processing
and analysis. By observing the factor loading matrix, we can detect that the first principal
component F; is explainable by indicators such as urbanization rate, energy supply per
capita, school enrollment rate, infant mortality rate, doctor density, and adult literacy rate.
The factor loadings all exceed 0.8, indicating that the first principal component mainly
measures the social inclusion degree of the country. Therefore, the first principal compo-
nent can be named as the social inclusion factor. The second principal component F, fits
to explain the inflation and unemployment rates, reflecting economic and social stability,
which can be deemed the social stability factor. The third principal component F; fits to
explain the total import and export, the share of R&D expenditure in GDP, and the per
capita arable land area retention, which can be summarized as the economic prosperity fac-
tor. The fourth principal component F; is suitable for explaining the per capita renewable
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inland freshwater resources and the per capita net ecological footprint index, reflecting
the carrying capacity of resources and the environment for human activities. It can be
named as the resources and environment carrying capacity factor. The fifth principal
component F5 is proper for explaining the annual growth rate of GDP and GDP unit en-
ergy consumption, reflecting the energy dependence of economic growth. It is named the
energy dependence factor. The sixth principal component F4 can explain the forest cover,
PM2.5, and the percentage of the population using safely managed drinking-water services,
named the environmental sustainability factor. The seventh principal component F; helps
explain the GDP per capita, land output efficiency, which represents the output value per
unit area, and the output value per capita. It can be named the economic development
potential factor.

Fourth, evaluation model construction. Factor scores are calculated by using the
contribution weight of each factor relative to the cumulative variance as the weight to
derive the composite score F for each country. Based on the weights, the study constructs a
comprehensive evaluation model for the indicator system of inclusive green growth level
in the Asia-Pacific region, which is as follows:

F= )\1F1 + )\ze + )\3F3 + )\4F4 + )\5F5 + A6F6 + 7\7F7 (3)

The values of A were obtained by normalizing the variance contribution of the seven
common factors, i.e., we have A1 = 0.410, A, = 0.135, Az = 0.119, A4 = 0.095, A5 = 0.088,
A¢ = 0.083, A7 = 0.070, which were derived as weights:

F = 0.410F; + 0.135F, + 0.119F; + 0.095F, + 0.088Fs + 0.083F, + 0.070F; @)

where Fy, Fy, F3, F4, F5, Fg, and F; were calculated according to the principal component
loadings of the factor scores coefficient matrix table in Table 8.

Table 8. Factor score coefficient matrix.

Variables Fl Fz F3 F4 F5 F6 F7
Xy 0.072 0.049 0.065 0.187 0.024 0.043 0.297
Xz 0.047 0.083 0.054 0.038 0.545 0.070 0.153
X3 0.006 —0.017 0.306 0.055 0.022 0.062 0.047
Xy 0.035 0.036 0.146 0.003 0.016 0.102 0.069
X5 0.117 0.093 0.057 0.033 0.008 0.093 0.073
Xe 0.031 0.240 0.031 0.053 0.067 0.182 —0.007
Xy 0.119 0.062 0.071 0.152 0.060 0.149 0.127
Xs 0.113 0.037 0.252 0.179 0.244 0.038 0.170
Xo 0.012 0.359 0.031 0.017 0.038 —0.150 0.119
X10 0.141 0.019 0.008 0.106 —0.073 0.283 0.074
X11 0.074 0.268 0.074 0.021 0.011 0.085 0.027
X12 0.116 0.107 0.121 0.043 0.105 0.068 0.065
X13 —0.088 0.085 0.050 0.071 0.008 0.023 0.030
X14 0.060 0.033 0.041 0.207 0.063 0.042 0.125
X15 0.030 —0.100 0.054 0.100 0.412 0.139 0.097
Xi6 0.077 0.187 0.016 0.205 0.167 0.015 0.062
Xi7 0.097 0.060 0.092 0.164 0.038 0.097 0.037
X18 —0.018 0.070 0.421 0.048 0.055 0.003 0.098
X19 0.034 0.103 0.066 0.015 —0.007 0.411 0.214
Xo0 0.033 0.043 0.085 0.046 0.047 0.096 0.704
X21 0.040 0.026 0.023 0.467 0.079 0.038 0.047
X2 0.098 0.077 0.128 0.127 0.070 0.109 0.030
X3 0.063 0.061 0.225 0.059 0.032 0.236 0.004
X4 0.080 0.107 0.048 0.311 0.003 0.183 0.152
Xo5 0.054 0.079 0.079 0.075 0.010 0.141 0.037

Xo6 0.013 0.124 0.081 0.042 0.027 0.317 0.097
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The F1-F7 equations expanded according to the specific values in Table 4 are as follows:

Fy = 0.072X; + 0.047X, + . .. + 0.054X55 + 0.013X54 (5)
Fp = 0.049X; + 0.083X, + ... + 0.079Xp5 + 0.124X54 (6)
F3 = 0.065X; + 0.054X5 + ... + 0.079X5 + 0.081X24 @)
Fy =0.187X; + 0.038X5 + ... + 0.075Xp5 + 0.042Xz4 8)
Fs = 0.024X; + 0.545X5 + ... + 0.010Xo5 + 0.027X26 )
Fe = 0.043X; + 0.070X5 + ... + 0.141Xp5 + 0.317Xz4 (10)
F; = 0.297X; + 0.153X5 + ... + 0.037Xa5 + 0.097X2 (11)

The composite score F for the level of inclusive green growth in the Asia-Pacific region
is calculated based on Equations (3)—(9) and represented on the map (Figure 2).

Asia—Pacific inclusive green growth level
e

:] unmeasured

.01 -0.19

.20 0. 28

o0 0.2

e < .55 0700 1400 2800 4200 s500

Figure 2. Composite Inclusive Green Growth Score for Asia-Pacific Countries.

The inclusive green growth scores of the Asia-Pacific countries assessed generally
show a spatial pattern that fully developed countries score the highest, higher-income
developing countries score in the middle, and lower-income developing countries score
the lowest. Generally, the countries in East Asia, Oceania, and North America have
higher levels of inclusive green growth. Precisely, the developed economies such as
Canada, the United States, Australia, and New Zealand have outstanding performance
in economic prosperity, social inclusion, resource utilization, and environmental sustain-
ability, taking the top four positions in the overall ranking of inclusive green growth.
Higher-income developing countries such as China, Malaysia, Thailand, and Peru rank in
the middle. The other lower-income developing countries, such as the Federated States
of Micronesia, Tuvalu, Nauru, and Timor-Leste, have a lower overall ranking. The het-
erogeneity in the scores is mainly attributable to the distinctive economies that vary in
economic aggregation, innovation capacity, and social inclusiveness over a large realm [46].
The in-region countries also significantly differ in land area, natural resource endowment,
and ecological environment carrying capacity, leading to the differentiated distribution of
the inclusive green growth levels.
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The same steps can apply to calculating the inclusive green growth level scores under
the four dimensions. Finally, the scores are ranked from highest to lowest. The specific
ranking results are presented in Table 9.

Table 9. Composite and Sub-Rankings of Inclusive Green Growth Levels in Asia-Pacific.

Country I]’E:(;)sr;oellr-:i; Ranking Insc?:i:il:m Ranking I_ﬁielsi(z’:tri?n Ranking E;:s;::g:;elﬂtt;l Ranking Comprehensive Ranking
Canada 0.160 6 0.125 4 0.191 1 0.079 1 0.554 1
United States 0.203 1 0.116 6 0.135 5 0.067 5 0.521 2
Australia 0.166 5 0.136 2 0.110 9 0.077 2 0.488 3
New Zealand 0.148 7 0.133 3 0.153 3 0.047 7 0.481 4
Korea 0.179 3 0.121 5 0.097 13 0.054 6 0.452 5
Japan 0.168 4 0.156 1 0.079 24 0.047 8 0.450 6
Singapore 0.189 2 0.114 8 0.092 17 0.043 9 0.438 7
Russia 0.098 12 0.115 7 0.138 4 0.040 10 0.390 8
Brunei 0.103 10 0.072 18 0.134 6 0.074 3 0.383 9
China 0.142 8 0.091 11 0.093 16 0.022 14 0.348 10
Chile 0.095 13 0.106 9 0.107 10 0.027 12 0.336 11
Malaysia 0.115 9 0.079 16 0.088 19 0.036 11 0315 12
Thailand 0.099 11 0.082 12 0.079 25 0.027 13 0.286 13
Palau 0.076 25 0.052 22 0.087 20 0.069 4 0.284 14
Colombia 0.081 23 0.080 13 0.085 21 0.009 20 0.256 15
Peru 0.086 18 0.076 17 0.099 12 —0.011 31 0.250 16
Ecuador 0.089 15 0.079 15 0.075 27 0.001 25 0.244 17
Marshall 0.090 14 0.009 32 0.117 8 0.022 15 0.238 18
Islands
Korea 0.074 26 0.101 10 0.060 32 0.001 26 0.236 19
Solomon 0.068 29 0.036 26 0.128 7 0.004 22 0.236 20
Islands
Vietnam 0.084 20 0.060 20 0.078 26 0.013 19 0.235 21
Mexico 0.086 19 0.080 14 0.063 30 —0.006 28 0.223 2
Mongolia 0.065 32 0.068 19 0.081 2 0.006 21 0.220 23
Indonesia 0.083 21 0.042 24 0.079 23 0.003 23 0.207 24
India 0.087 17 0.025 28 0.095 14 —0.014 34 0.194 25
Tonga 0.060 34 0.052 21 0.055 36 0.018 17 0.185 26
Myanmar 0.068 30 0.017 30 0.094 15 0.002 24 0.181 27
Papua New 0.044 36 —0.006 36 0.157 2 —0.015 35 0.180 28
Guinea
Laos 0.082 2 0.009 33 0.101 11 —0.016 36 0.176 29
Philippines 0.088 16 0.040 25 0.059 33 —0.012 33 0.175 30
Cambodia 0.074 27 0.022 29 0.092 18 —0.016 37 0.171 31
Samoa 0.061 33 0.051 23 0.057 34 —0.011 32 0.158 32
Vanuatu 0.066 31 0.030 27 0.060 32 —0.011 30 0.145 33
Federated
States of 0.051 35 0.010 31 0.066 28 0.014 18 0.142 34
Micronesia
Tavalu 0.080 24 —0.002 35 0.064 29 —0.003 27 0.139 35
Nauru 0.072 28 —0.017 37 0.056 35 0.018 16 0.130 36
East Timor 0.035 37 0.006 34 0.019 37 —0.006 29 0.054 37

Combining the individual rankings of each country in the Asia-Pacific region with the
overall ranking in Table 8, we can compare the scores of each country in the Asia-Pacific
region in each dimension and the position of each dimension score in the whole Asia-Pacific
region. Thus, we can distinguish the strengths and weaknesses of each economy:.

In terms of economic prosperity (Figure 3), developed countries such as the United
States, South Korea, Singapore, Japan, Australia, and Canada dominate the ranking.
These countries also stand out and rank high in overall inclusive green growth, thus show-
ing that their economic development levels contribute closely to their inclusive green
growth. In contrast, Papua New Guinea, Federated States of Micronesia, and Timor-Leste,
which ranked low, performed poorly in GDP per capita, R&D investment as a share of GDP,
and import/export trade. They rank low in economic development. As a result, their final
overall inclusive green growth scores rank low. For these low-income developing countries,
it needs to closely capture the opportunities to actively integrate into the economic and
trade cooperation around the Asia-Pacific region, and at the same time, increase R&D
investment to promote their technological competitiveness and synergistic inclusive green
development levels. Colombia, Chile, India, Indonesia, Peru, and Laos rank in the middle
of economic prosperity. Although these higher-income developing countries benefit from a
comparatively high annual GDP growth, their comparatively low R&D investment ratio
may affect economic prosperity in the long run if the situation persists.
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Figure 3. Asia-Pacific Countries’ Economic Prosperity Score and Ranking.
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In terms of social inclusion (Figure 4), Japan scores the highest, followed by Australia,
New Zealand, Canada, and South Korea. These developed economies are capable of
providing adequate infrastructure, equal access to education, and equitable access to health
care for people at different income tiers. Brunei, the top-ranked country in the overall
ranking, has a relatively poor performance in social inclusion, scoring in the middle of
the Asia Pacific region. The bottom three countries in the social inclusion category are
Tuvalu, Papua New Guinea, and Nauru. These three countries suffer from low school
enrollment and high unemployment rates, resulting in their poor performance and ability
to promote equity in educational opportunities and social progress for protecting people’s
livelihoods. Indonesia, Peru, Vietnam, and Malaysia perform averagely in the ranking
of social inclusion. These countries perform well in school enrollment, unemployment,
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and electricity access but poorly in health care, indicating uneven development in the social
inclusion domain.

Social Inclusion
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Figure 4. Social Inclusion Score and Ranking of Asia-Pacific Countries.

Regarding resource utilization (Figure 5), the top-ranked countries, Canada, New Zealand,
the United States, and Russia, are all relatively well endowed with natural resources.
Resource abundance and diversity help these countries develop the economy with much
less concern on resource constraint and shortage. Moreover, these countries can generally
utilize resources more efficiently due to their high technological ability. However, Ko-
rea, Japan, and Singapore, also as developed economies, have relatively scarce natural
resources. In contrast, the energy consumption per unit of GDP in these economies is high.
The ratio of renewable energy use to total energy use is low, indicating that their energy
structures are not optimal and their resource utilization efficiency still needs to improve.
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Also ranking higher are Papua New Guinea at second place, the Marshall Islands at eighth,
and the Solomon Islands at seventh. These island countries rank better in resource use.
However, other fellow island countries, Nauru, Samoa, and Timor-Leste, rank low in
resource use due to their inefficient resource use with high per capita energy consumption.
Mongolia, Ecuador, Malaysia, and Thailand rank in the middle of the resource use dimen-
sion. However, a common problem in these countries is the low share of renewable energy
consumption, which may hinder their green development level in the future.

In terms of environmental sustainability (Figure 6), Canada, Australia, and the
United States continue to rank highly and perform well, leading the Asia-Pacific region.
China, which has performed relatively well in economic development, has not done well
in environmental protection. It again evidences that China’s economic growth has accom-
panied a sloppy approach to energy use and a greater degree of damage to the ecological
environment. China needs to cope with resource utilization and environmental protection
problems, accelerate green transformation, and move forward to high-quality economic de-
velopment with high-level ecological protection. The country needs to pay close attention
to reducing energy consumption and CO; emissions per unit of GDP, making economic
growth reconciled with inclusive green development. The bottom three countries in en-
vironmental sustainability are Papua New Guinea, Laos, and Cambodia, which should
pay attention to protecting the environment while developing their economies and avoid-
ing the old path of pollution before treatment. Malaysia, Indonesia, Ecuador, Mongolia,
and Tonga rank in the average place of the environmental sustainability dimension, but the
low net ecological footprint per capita of Malaysia, Indonesia, and Tonga pull down their
scores in the environmental sustainability area. The per capita ecological footprint of these
countries has exceeded their ecological carrying capacity, which will affect environmental
sustainability and is not conducive to an increased level of inclusive green growth.

The in-region countries’ inclusive green growth levels vary notably, mainly due to
their uneven levels in economic and social development. In terms of countries, relatively
developed countries have higher levels of inclusive green growth, while developing coun-
tries have lower levels of inclusive green growth. In terms of different areas of inclusive
green growth levels, Asia-Pacific countries score relatively high in economic prosperity
and resource use. However, Korea, Japan, and Singapore rank lower in resource use than
other countries. The Asia-Pacific countries as a whole perform relatively poorly in the areas
of social inclusion and environmental sustainability, with highly uneven development
among countries [47]. The Asia-Pacific region should invest more in social welfare and
give people equal access to social security. In addition to economic activities, Asia-Pacific
countries should also consider the impact on the environment to promote the region’s
overall inclusive and green development.
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Figure 5. Asia-Pacific Countries’ Resource Utilization Level Score and Ranking.
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Figure 6. Environmental sustainability scores and ranking of Asia-Pacific countries.

3.2. Entropy Weight Method

The entropy weighting method can assign weight more objectively. It determines
the weight of indicators by the influence of the relative change degree among indicators
on the whole, and the indicators with large relative change degree have larger weight
correspondingly. The specific calculation process of entropy weighting method is as
follows.

First, standardization of raw data.

The normalized formula for the positive indicator is X; = %

The normalized formula for the inverse indicator is X; = %

Second, calculate the weight of the jth indicator for the ith country P;; = ):n—XI_ZXl]
i=1

Third, calculate the entropy value of the jth indicator e; = —k Y3/, gi;l08gij, where k>0,
letk =1/Inm, then 0 < e; <1

Fourth, calculate the information utility value of the jth indicator d; =1 — ;.

The magnitude of the information utility value affects the weight assigned to the
indicator. A larger information utility value means that the higher the contribution of the
indicator to the final composite evaluation results, the higher the final weight will be.
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Fifth, normalize the coefficient of variation and calculate the weight of indicator
dj
E}n:ldj ’

Sixth, comprehensive evaluation F = ZXl-jwj.

Generally speaking, if a country has a larger composite assessment value F, the higher
the level of inclusive green growth in that country; conversely, the lower the level of
inclusive green growth.

Based on the above steps, the composite score and ranking of Asia-Pacific countries’
inclusive green growth level under the entropy weighting method are calculated and

compared with the composite score and ranking under factor analysis (Figure 7).

jwj =

Entropy Method Ranking Factor Analysis Ranking

0.367 IS Canada I 0.554
0.495 NI United States E—— 0.521
0.312 IS Australia — 0.488
0.308 IS New Zealand M—— 0.481
0.320 I Korea I 0.452
0.302 IS Japan I 045

0.558 NI Singapore  EEEEEE— 0.438

0.329 NN Russia I 0.39
0.206 NS Brunei I 0.383
0.392 I China I 0.348
0.209 I Chile I 0.336

0.197 I Malaysia I 0.315
0.186 I Thailand I 0.286
0.163 MmN Palau I—— 0.284
0.179 W Colombia I 0.256
0.176 W Peru I 0.25
0.161 MEEESSSSS Ecuador I 0.244
0.157 s MHL I 0.238
0.143 Immmmmmms  North Korea IS 0.236
0.172 I SLB I 0.236
0.180 M Viet Nam I 0.235
0.182 I Mexico — 0.223
0.143 MEmmmmms  Mongolia I 0.22
0.169 MENEN [ndonesia NN 0.207
0.267 I India I 0.194
0.108 M Tonga I 0.185
0.146 NN Myanmar IS 0.181
0.156 I PNG I 0.18
0.145 M Laos I 0.176
0.127 MEEmmmmm  Philippines IEEE———— 0.175
0.135 I Cambodia I 0.171
0.125 W  Samoa I 0.158
0.099 EmmEEN Vanuatu . 0.145

0.100 Wmmmmm FSM I 0.142
0.102 W Tuvalu I 0.139
0.117 W  Nauru I 0.13

0.090 M Timor-leste mm 0.054

Figure 7. Combined score and ranking under factor analysis and entropy weighting method.
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By cross-comparing the score ranking by factor analysis with entropy weighting,
we find that Southeast Asian countries such as Singapore, India, and Vietnam increased
notably in their ranks. The ranking discrepancy is because the entropy weighting method
gives a much larger weight to the indicator of land output efficiency. In contrast, the coun-
tries with low land output efficiency, such as Australia, New Zealand, and Japan, generally
decreased in ranking. The ranked inclusive green growth levels of the remaining coun-
tries are consistent with the factor analysis method. The remaining countries’ ranking of
inclusive green growth level is consistent with the factor analysis method, proving the
credibility of the ranking results to a certain extent. The minor differences in the rankings
are mainly due to the different accounting mechanisms of the two methods, which lead
to the different weights. It also shows that according to the index system designed in this
papet, the error by the entropy method is more considerable than factor analysis due to its
excessive weighting on individual indicators. Our conclusions of this paper are analyzed
and summarized on the results of factor analysis.

3.3. Cluster Analysis

Cluster analysis is also one of the multivariate statistical analysis methods, a method
of classifying samples based on multiple indicators. The main clustering methods are sys-
tematic clustering, dynamic clustering, fuzzy clustering, etc. According to the classification
objects, there are variable clustering (R-type clustering) and sample clustering (Q-type
clustering), and the essence is to aggregate the closest objects into one class according
to the degree of closeness between variables or samples [48]. The systematic clustering
method is one of the most applied methods in practice, classifying sample points into fewer
homogenous categories.

In this paper, the systematic clustering method applies to clustering the levels of
inclusive green growth in 37 Asia-Pacific countries and regions. The central idea of the
systematic clustering method is first to define the distance between samples and the
distance between classes. Initially, n samples are treated as n classes; then, two classes with
similar distances are synthesized into a new class. The distances between the new and
other classes are calculated, and then the classes are merged according to the minimum
distance criterion. Repeat the above steps until all samples are grouped into one class.
Finally, the clustering process is drawn in a lineage diagram, and a clustering diagram can
be obtained. According to the clustering diagram, the number of clusters of samples is
determined according to the actual needs, and the final clustering results are obtained [49].
Using the scores of 37 countries in the Asia Pacific on economic prosperity, social inclusion,
resource use, environmental sustainability, and the composite score for cluster analysis,
a cluster dendrogram is obtained (Figure 8).

According to the clustering diagram, the inclusive green growth levels of 37 countries
in the Asia Pacific roughly aggregate into three categories: the first category is developed
countries, including Canada, the United States, New Zealand, Australia, Japan, Singapore,
and South Korea. These seven countries rank substantially higher in inclusive green
growth than other Asia Pacific countries or regions, sitting in the top seven of the Asia
Pacific inclusive green growth indicator system scores. The second category is higher-
income developing countries (except Russia), including Russia, Brunei, Malaysia, Thailand,
China, Chile, and Palau, lower only than the developed countries in the first category and
belonging to the category of countries with a satisfactory inclusive green growth level.
The third category is other developing countries, forming the main body of countries
in the region that rank at the bottom category in the indicator system. The clustering
chart demonstrates that the inclusive green growth level in the Asia-Pacific region roughly
shows a distorted pattern. A small number of developed countries take leadership in the
measurement, and a large body of developing countries follow. The three echelons of
inclusive green growth shown in the cluster diagram match well with the three echelons of
economic development.



Sustainability 2021, 13, 7482 23 of 30

Tree diagram using average joins (between groups)
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Figure 8. Clustering tree diagram.
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4. Conclusions and Discussion

The Asia-Pacific region, commonly recognized as the most powerful engine of the
world economy, plays a vital role in global environmental protection and sustainable devel-
opment, meriting consistent concerns and profound studies for this area. Existing studies
are mostly either focused on specific cleaner production technology [50] (Charmondusit
et al., 2016), industry [15,17] (Ojha, 2020; Berkhout, 2017), individual countries [16,18] (Sun
et al., 2020; Cooperet et al., 2020), or more concentrated on the sole green growth dimension
to assess the green development levels of Asian cities without explicitly incorporating
the social inclusiveness component [51]. The integrated study that stitches the inclusive
growth and green growth for the broader entire region is still scarce.

This paper otherwise contributes a comprehensive indicator evaluation system to
assess the inclusive green growth levels of the Asia-Pacific countries. Based on the classical
literature review and the data publicly available for official institutions, we choose to
analyze the levels of inclusive green growth of 37 countries in the Asia-Pacific region.
The indicator system integrates the four dimensions of economic prosperity, social inclu-
sion, resource utilization, and environmental sustainability and utilizes factor analysis to
quantitatively measure the respective scores of the dimensions, complementary with the
entropy weighting method for cross-validation. We rank the dimensional scores and derive
an aggregate score for each in-region country to represent their overall inclusive green
development levels. The main conclusions are as follows.

4.1. Main Conclusions

First, unbalanced inclusive green growth in Asia-Pacific countries is apparent, mainly
manifested in two aspects: overall unbalance and internal unbalance. Overall, Asia-
Pacific countries’ inclusive green growth levels are remarkably distinct. Countries in
East Asia, Oceania, and North America, represented by Japan, Australia, the United
States, and Canada, hold higher levels of inclusive green growth. In contrast, countries
in Southeast Asia, such as Timor-Leste, Vanuatu, Tuvalu, and the Federated States of
Micronesia, stay at a lower level of inclusive green growth. Some countries present uneven
characteristics in diverse domains regarding their within-nation performance, creating
large variations in dimensional rankings, implying no balanced development attained in
general.

Second, the region’s inclusive green growth level bears a close correlation with the
economic development level. The cluster analysis results show that the levels of inclusive
green growth in the Asia-Pacific countries can roughly group into three echelons: developed
countries, higher-income developing countries, and lower-income developing countries,
which are also precisely the three echelons of economic development level. The overall
pattern manifests a dichotomy: a leading group with a small number of developed countries
taking leadership in inclusive green development, followed by a large body of developing
countries with lower inclusive green growth levels.

It is evident that a country’s economic development level can largely influence the
inclusive green growth level of the country. The latent heterogeneity in varying countries’
inclusive green growth levels is highly associated with their distinctive social and economic
development stages. Economic prosperity largely determines how largely and equitably
the country can allocate its wealth and resources to its residents, affecting society’s overall
well-being and human equity. However, developing and developed countries are subject
to entirely different problems and circumstances. Developed countries might well continue
on sustainability-based green growth. For developing countries, poverty and inequality
would be vital challenges that need to cope with in their growth processes while avoiding
possible social shocks and environmental problems caused by uncontrolled growth [52].
Such heterogeneity would lead to different perspectives and paths to address the growth
versus environment paradox for the in-region countries. Developed countries have gen-
erally stepped into the post-industrial era. Economic prosperity enables these countries
to allocate more social wealth, resources, and goods and services to their residents and
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allow more capital and technology invested in environmental protection and social welfare
improvement, further stimulating social inclusiveness and economic growth. Such a posi-
tively stimulating cycle helps amplify the outcomes of balanced, inclusive green growth
in all four dimensions: economy, society, resources, and environment. That is why devel-
oped countries tend to perform well in social inclusion, resource use, and environmental
sustainability, leading to further balanced, inclusive development.

Rapidly growing developing countries benefiting from their rapid economic growth
could allocate more social wealth and resources over various people. As a result, their gen-
eral inclusive green growth levels have been vastly improved compared to history.
However, the most eminent would be the challenge to promote their production effi-
ciency and technology to build up a more resource-efficient and energy-saving production
system to promote the inclusive green development level consistently.

Backward developing countries suffer from the tardiness of economic development,
short of sufficient economic support to realize the positive cycle of inclusive green growth.
Their overall inclusive green growth still stays at a bottom level in all aspects of the
economy, society, resources, and environment. For example, countries such as Timor-Leste,
Vanuatu, Tuvalu, and the Federated States of Micronesia in Southeast Asia have a low level
of economic prosperity. Even though endowed with quality resources and environmental
conditions, it is difficult for them to convert the gifts to social and economic values because
of the technological backwardness, leading to a low level of inclusive green development.
However, the Asia-Pacific cooperation brings about a great opportunity to these backward
countries, allowing plugging their economies into the sizeable regional market to promote
their overall development level.

The uneven and unbalanced development happens in some countries in various as-
pects, revealing the necessity of these countries to adjust their resource utilization and
energy consumption structure to achieve a better level of inclusive green growth. Some ex-
amples are Korea, Japan, Singapore, and Thailand, whose overall rankings are 5, 6, 7, and 13
respectively, but their resource utilization rankings are 13, 23, 17, and 25. This evidences
these countries being inefficient in resource utilization, especially in energy consump-
tion. Meanwhile, some countries perform considerably better in one aspect than others,
for example, Palau ranks 25th, 22nd, and 20th in economic, social, and resources, but 4th
in environmental sustainability, and the Solomon Islands ranks 29th, 26th, and 22nd in
economic, social, and resources, but 7th in resource use. These countries have the excellent
resource and environmental endowments. Nevertheless, often due to their low economic
and technology levels, they suffer a low inclusive green development level in general.

4.2. Policy Implication

The first implication is to pay attention to science and technology innovation to
improve the vitality and potential of economic development. Inclusive green growth
in Asia-Pacific countries requires a material foundation of affluence, both in terms of
the fruits of affluence and the means to create it. Although traditional economic de-
velopment may bring environmental pollution to some extent, economic development
does not necessarily mean deterioration of resources and the environment. If economic
development is appropriate, it is often easier to increase investment in environmental
protection and environmental management. That is, green growth can be promoted
via innovations in energy generation through environment-friendly technologies [53,54].
Meanwhile, along with the rise of new industries such as information technology and the
Internet, lightly polluting or even non-polluting industries are becoming an important
driving force for economic development in the Asia-Pacific region. Empirical findings also
indicate that lowering the composite risk index, undertaking a transition to renewable
energy, and enhancing environmentally related technological innovations help reduce CO,
emissions for the RCEP countries in the long run [55]. Therefore, Asia-Pacific countries
should attach great importance to the value of innovation, focus on enhancing the role
of the scientific community and NGOs, and strengthen the research of scientific research
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institutions, universities, and academic groups on green development issues. They also
need to actively play to the advantages of NGOs in identifying ecological dangers and
evaluating environmental impacts to provide intellectual guarantee for green development
jointly, and encourage comprehensive innovation with technological innovation as the core,
including product innovation, industry innovation, model innovation, system innova-
tion, etc. Through innovation, they can form a driving mechanism to promote efficient
and stable economic growth, get rid of the economy’s dependence on high emissions,
high resource consumption, and environmental damage, promote innovation-driven green
growth, and obtain innovation synergy to realize economies of scale. Through innovation,
we will lead the zeitgeist of economic and social development, improve the vitality and
potential of economic development, maintain a country’s sustainable competitiveness,
and share the fruits of green development.

Second, it is important to follow a people-oriented philosophy and promote social
development inclusiveness. Asia-Pacific countries should take adequate measures to
promote the sharing of educational resources and achieve equality of educational op-
portunities. Developed countries, led by Japan, Canada, Korea, and the United States,
should assist countries with relatively low development levels in educational resources
and jointly promote equity in educational resources. APEC has set inclusive, sustainable,
innovative, and secure growth as its goal, especially in the last five years. It advocates build-
ing an inclusive economy and a better world as the central theme of regional development.
The in-region countries need to consistently explore the practical model to develop rural
areas through industrial trade, as well as reduce poverty and achieve inclusive growth.
In addition, more educational opportunities need to be given to women and indigenous
people who are underrepresented in trade, to promote inclusive growth. Other countries in
the Asia-Pacific region should also strengthen communication and cooperation with each
other to try more and better ways to reduce the probability of inequality [56]. In addition,
Asia-Pacific countries should promote regional integration reforms, lower market access
barriers, enhance trade liberalization, drive the economic development of countries with
relatively low development levels, and promote employment and equal opportunities. The
recently established RCEP involves many countries in the Asia-Pacific region. In the case of
RCEDP, one of the objectives of its agreement is to devote to lowering barriers, strengthening
cooperation among SMEs in economic and technological fields, and providing capacity
building and technical assistance to developing and least developed member countries.
Therefore, RCEP member countries should actively promote the co-build and development
of the agreement to create more equitable employment and the business environment.
This is to improve infrastructure construction, increase the penetration rate of essential
equipment, and guarantee the living standard.

Third, policies must improve the efficiency of resource utilization and promoting
energy transition in Asia-Pacific countries. Asia-Pacific countries should focus on the green
transformation of development methods, upgrade technology, and improve energy utiliza-
tion. Through the APEC cooperation, the in-region countries need to improve the efficiency
of energy use; expand the use of renewable energy; reduce waste pollution; create more
opportunities for individuals, enterprises, and communities; promote green synergistic
development; and play an active role for promoting energy efficiency by strengthening
low-carbon and green technologies. Other countries in the Asia-Pacific region, especially
the developing countries, should also actively learn and implement energy policies suitable
for their national conditions. On the one hand, they should improve resource utilization
efficiency and change the way of resource utilization to reduce energy consumption per
unit of GDP, increase the proportion of renewable energy use, and achieve sustainable
economic development.

On the other hand, it should pay attention to the planning and protection of natural
resources, reduce pollution levels, improve air quality, and achieve intergenerational equity
based on rational exploitation of natural resources. In terms of environmental protection,
APEC economies have attached great importance to biodiversity and climate change in
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recent years and have taken various measures to reduce the damage to the environment
and the impact on climate change to protect the earth’s ecological environment and re-
duce carbon dioxide emissions, and have achieved vibrant research results. The APEC
economies should also strengthen cooperation between countries in ecological civiliza-
tion construction, focusing on establishing a coordination mechanism for ecological and
environmental protection in the Asia-Pacific region. The countries need to coordinate
environmental elements such as mountains, seas, forests, and water, taking into account
the specificities of each country’s situation while considering the typical requirements for
ecological and environmental protection to solve challenging environmental problems.
Fourth is to strengthen green development cooperation and form a strong synergy
for the development of the Asia-Pacific region. On the whole, the level of inclusive green
growth in the Asia-Pacific region is divided into three echelons. The level of inclusive green
growth in developed countries is much higher than that of developing countries. For this
uneven development trend, if we want to enhance the inclusiveness of green development,
we should develop different paths of inclusive green growth according to the development
status of different countries. Developing countries are still in the primary stage of economic
development, facing the similar population, resource, and environmental problems and
challenges. They should strengthen South-South cooperation, joint self-improvement,
and continuously expand the pace of opening up. For the leading developed countries, it is
crucial to clarify the “common but differentiated” responsibilities. Inclusive green growth
is not a point-in-time issue but rather a chronological issue that combines history, reality,
and the future. Historically, unequal international economic relations have created an
uneven development hierarchy, with developing countries being passive recipients of inter-
national economic and technological conditions rather than leaders and influencers. Under
such circumstances, developing countries often lie downstream of the industrial chain
and become direct victims of resource and environmental damage. In contrast, developed
countries have entered the post-industrial era. They should consider the characteristics of
developing countries when reducing their high energy consumption and pollution. It re-
quires making a difference in the assumption of responsibilities, especially in development
goals, paths, and progress arrangements, giving developing countries more room for ma-
neuver and development space. It is necessary to actively provide assistance to developing
countries, strengthen North-South cooperation, and help developing countries promote
green transformation in resource environmental protection, green economic development,
and urban governance to achieve a win-win situation in a mutually beneficial manner.
Under the background of continuous advancement of globalization and modern econ-
omy, society, and science and technology, Asia-Pacific countries constitute a unified and
open giant system. The higher the overall national development level, the stronger the inter-
action between countries. The transformation from a single country to a cluster of countries
and a regional circle is an inevitable law of national development. The green development
of the Asia-Pacific region in the future is no longer the green development of a single
country, but the green development of the whole region, a green development system with
a reasonable layout, close connection, and clear division of labor composed of countries
of different scales and development levels in a specific spatial scope. Therefore, the Asia
Pacific region should coordinate resource allocation, optimize the layout and improve the
structure in a broader space to form a regional green development network with overall
evolution, reasonable division of labor, and linkage and collaboration. Therefore, the path
of inclusive green development in the Asia-Pacific region explored in this paper is: to
improve the green governance system of Asia-Pacific countries with the theme of open
communication and cooperative governance; to clarify the “common but differentiated”
responsibilities to enhance the green development capacity of developing countries; to
form a community consensus of destiny and to build a green development support system
in the Asia-Pacific region. The countries shall jointly build a future-oriented Asia-Pacific
green development partnership, create an open Asia-Pacific economic market, and form a
strong synergy for inclusive green growth in the Asia-Pacific region. It calls for building a
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modern country with economic prosperity, social inclusion, resource conservation, and en-
vironmental livability, jointly promoting inclusive green development in the Asia-Pacific
region and even globally.
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