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A decreasing trend of extreme poverty has prevailed
worldwide because of worldwide economic growth and
international efforts at poverty reduction such as the
Millennium Development Goals (MDGs) advocated by
the United Nations. Nevertheless, as many researchers
have pointed out, the benefits of growth have not been
equally distributed. Consequently, globalization has been
raising inequality and poverty in economically developed
countries. According to recent OECD statistics, the rela-
tive poverty ratios of most OECD countries have
increased from the mid-1980s to the mid-2010s.

Economists and policymakers have long been inter-
ested in income distribution, partially because changes in
income disparity and poverty are expected to affect
numerous social outcomes such as national health, educa-
tional achievement, social mobility, trust, and crime.
Reducing excessive income disparity and poverty is the
consensus choice of policy for building a harmonious
society.

Nevertheless, as Amartya Sen pointed out with his
capability approach, inequality and poverty include multi-
dimensional aspects. In reality, shortages of nonmonetary
factors such as leisure time spent with family members
and social relations in society sometimes play a more
important role in human well-being than monetary factors
such as income. Therefore, for poverty analysis, nonmon-
etary dimensions such as time and social relations should

be regarded as important dimensions.
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Based on the problem consciousness explained
above, this dissertation presents an investigation of multi-
dimensional poverty and well-being in Japan. Specifically,
it presents the following assessments: (1) what multiple
poverty situations people are facing, along with socioeco-
nomic factors, influence people’s well-being and daily
activities; (2) what socioeconomic factors affect multidi-
mensional poverty including the time dimension; and (3)
whether higher education can truly reduce the risk of
multidimensional poverty.

This dissertation comprises six main chapters.
Chapter 1 describes recent trends of inequality and
poverty around the world and, after reviewing earlier
reports of the relevant literature, presents research objec-
tives and the potential contributions of this dissertation.
Additionally, it provides a theoretical framework for the
analysis of multidimensional poverty and well-being in
Japan.

Chapter 2 measures the multidimensional poverty
index based on the method used by Alkire and Foster
(2011) using individual data from the Japanese Study of
Stratification, Health, and Neighborhood
(J-SHINE; 2010, 2012). After setting three dimensions of

poverty (income, living time, and social inclusion), the

Income,

index presents multidimensional poverty effects on key
health indicators of self-rated health (SRH) and psycho-
logical distress (K6), while controlling other important
variables. Results obtained from the analysis confirm the
practical relevance of multidimensional poverty for pre-
dicting health indicators.

Chapter 3 describes an examination of the relations
between income and time poverty, and physical activities,
using the household micro-dataset in Japan. The estima-
tion results obtained from econometric models reveal that
time poverty is closely associated with low frequency of
reading and short duration of sleeping. Indeed, analysis
results show differences between women and men. For
men, individuals who are deprived in two dimensions of
poverty tend not to participate in sports. In addition, lack
of leisure time might prevent them from actively reading,
while getting less sleep. For women, time poverty is an

important determinant of visiting interesting places and
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reading actively.

Chapter 4 presents estimation of the socioeconomic
causes of interdependent multidimensional (IMD) poverty
by considering two interdependent dimensions: income
and leisure time. Using panel data from a Japan Household
Panel Survey (JHPS2011-JHPS2014), this chapter pres-
ents specific quantification of the degree of substitution
between income and leisure time via the estimation of
CES-utility function, following the methodology provided
by Merz and Rathjen (2014). After the quantification, we
examine socioeconomic factors that influence each IMD
poverty regime. Results suggest that not a few single-
parent households confront interdependent multidimen-
sional poverty. In addition, full-time employed couples
with preschool children particularly confront IMD poverty,
using their incomes to compensate for their time deficit.

Chapter 5 investigates the effects of university
enrollment and graduation on interdependent multidi-
mensional poverty. Using the analytical method called
propensity score matching, we examine the true effects of
college entrance and graduation on the risks of income
poverty and IMD poverty. Estimation results suggest a
poverty reduction effect of a college degree for men for
both income poverty and IMD poverty. However, for
women, the effect of a college degree on IMD poverty
reduction is much weaker than in the case of men. It can
be considered that the difficulty of work-life balance and
low wage levels of female workers affect the results for
Japan.

Chapter 6 presents a summary and conclusions of
this dissertation. The conclusions support the view that
multiple dimensions of poverty are more closely associ-
ated with people’s well-being such as self-rated health and
physical activities. Particularly, the time dimension plays
an extremely important role in Japan because not a few
groups are regarded as time poor. Policy implications are

suggested based on empirical evidence.
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In 2013, the Japanese Ministry of the Environment
issued the ‘Third Fundamental Plan for Establishing a
Sound Material-Cycle Society. The plan explains that, in
order to create a sound material-cycle society, it will be
necessary not only to focus on societal material flow and
improve resource productivity, but also to focus on soci-
etal material stock, to utilize stock more efficiently, and to
accumulate stock that will increase social welfare. On the
other hand, in order to address the growing global green-
house gas (GHG) emissions, Paris Agreement was
adopted at the COP 21 in December of 2015 and all the
membership countries of United Nations Framework
Convention on Climate Change (UNFCCC) are obligated
to cooperate to mitigate global warming through reducing
GHG emissions. Thus, Japan needs to achieve the eco-
nomic growth by improving utilization efficiency of the
resources accumulated in the prefectures, while Japan is
obligated to reduce CO, emissions by 26% relative to 2013
levels by 2030 following Paris Agreement. With this back-
ground, this thesis extends the conventional efficiency
and productivity analysis framework which considers
labor and private and social capital stock in monetary term
as factor inputs for production activities to the framework
considering private and social capital stock in physical
term as a factor input in addition to labor and monetary-
based capital stock. By using the provided analysis frame-
work, this thesis conducts the productivity and
environmental efficiency analyses considering CO, emis-
sions in the 46 prefectures of Japan and discusses the pos-
sible ways of sustainable development in relation to

resource accumulation. This thesis comprises five

chapters.

Chapter 1 briefly provides research background,
research objectives, and contributions of this thesis. This
chapter illustrates why Japan needs to achieve the transi-
tion from a “flow-based society” to “stock-based society”
following the Third Fundamental Plan for Establishing a
Sound Material-Cycle Society. Subsequently, this chapter
also shows the relationship between economic activities
and CO, emissions based on the IPCC report published in
2014 and explains the important factors in order to achieve
the decoupling of economic growth and CO, emissions.

Chapter 2 provides a comprehensive review of rele-
vant existing articles, identifies the contributions and
problems of the existing research, and describes the sig-
nificance and objectives of the present study.

Chapter 3 employs a Data Envelopment Analysis
(DEA) framework using long-term panel data of the physi-
cal stocks of buildings and infrastructure (roadways and
railways), labor force and gross regional product of 46
Japanese prefectures during the period of 1970 to 2010.
This chapter analyzed the change in the productivity
resulting from the labor force and resource accumulation
in Japan’s prefectures for the study period in order to
evaluate how the productivity changed over the years.
The results show that productivity increased in almost all
of the prefectures between 1970 and 1990. On the other
hand, between 1990 and 2010, productivity declined in
approximately 80% of Japan’s prefectures including big
prefectures such as Tokyo and Osaka. I find that the pro-
ductivity in some medium-ranking prefectures in terms of
population continued to increase even after 1990 due to
the fact that in such prefectures there was catch-up to the
efficient production frontier.

Chapter 4 analyzed the environmental efficiency of
production activities based on the accumulated resources
(i.e., buildings and roadways), factor inputs (i.e., labor and
private capital stock), and CO, emissions of 46 Japanese
prefectures during the period ranging from 1992-2008.
This chapter compared a “conventional” environmental
efficiency indicator (i.e., production per unit of environ-
mental impact) with a “DEA-based” environmental effi-
ciency indicator that could simultaneously consider
inputs, desirable outputs, and undesirable outputs to eval-
uate environmental performance and examines how the

efficiency indicators obtained by the “simplified”
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efficiency analysis differ from those endogenously deter-
mined by the DEA analysis based on economic theory.
This chapter further estimated the change in the DEA-
based environmental efficiency during the study period
and analyzed how social-economic factors affected the
efficiency. The major findings were as follows: (1) A
ranking gap is apparent between the “conventional” and
“DEA-based” indicators in a lot of prefectures. The reason
for this ranking gap is that the conventional indicator
ignores input factors used by production activities,
whereas the DEA-based indicator does not. (2) a decline
in environmental efficiency was observed in many prefec-
tures from 1992-1999, whereas a rapid increase in envi-
ronmental efficiency was observed from 2000-2008 as a
result of technical change (14%), (3) although the increase
in population has positively impacts the environmental
efficiency, the expansion of tertiary industries reduces the
environmental efficiency due to the lower per worker
GDP for the retail, and transportation industries com-
pared with the manufacturing industries.

Chapter 5 summarizes the analysis results obtained
from Chapters 3 and 4, and presents the conclusions of

this dissertation.
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In 2015, at the 21st Session of the Conference of the
Parties to the United Nations Framework Convention on
Climate Change (COP21), the Paris Agreement was
adopted as a new international framework for tackling the
global warming, taking the place of the Kyoto Protocol.
The agreement demonstrated a clear resolve by the whole
of the international community to seriously tackle global
warming. It is a clear statement that reducing emissions

of Greenhouse gases (GHG), the cause of global warming,
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is becoming increasingly urgent, and that measures to
combat the problem must now be rapidly worked out.
Climate policies can be approached from a wide variety of
viewpoints, but the lifestyles and behavior patterns of
consumers are considered an important factor in terms of
global warming impact. According to the world CO, emis-
sions by sector in 2014 published by International Energy
Association (IEA), the total CO, emissions caused by resi-
dential sector accounts for 17% of the world CO, emis-
sions and residential sector is one of the key sector for
reducing CO, emissions. Even in Japan, residential sector
is also one of the main CO, emitters. Residential sector is
the fourth largest sector of CO, emissions in Japan as to
2014 and it is an important point that CO, emissions from
residential sector entirely tend to increase since 1990,
while those from the other sectors entirely tend to
decrease or be stable during the same period. It indicates
that the importance of reducing CO, emissions from resi-
dential sector increases. In particular, since durable goods
such as automobiles and home appliances are so essential
to our lifestyles, the CO, emitted by their manufacture
and use makes a large contribution to global warming.
Motivated by this background, this doctoral thesis focuses
on CO, emissions induced by air conditioner in Japan as a
case study, and estimated reduction potential of change in
product lifetime and energy efficiency. The thesis consists
of five chapters.

Chapter 1 provides the research background and
shows the importance of residential sector on world
greenhouse gas emissions based on the research report
published by International Panel of Climate Change
(IPCC) Working group III and sectoral CO, emission data
in the world reported by International Energy Association
(IEA). This chapter also shows recent trends in the CO,
emissions in Japan reported by Ministry of the
Environment of Japan and mentions that CO, emissions
from residential sector have been increasing and the resi-
dential sector has an important role inreducing CO, emis-
sionsin Japan. With this background, chapter 1 explains
why this thesis focuses on air conditioners in this thesis.

Chapter 2 conducts a comprehensive literature
review of relevant previous studies, explains the contribu-
tions and shortcomings of those previous studies and
clarifies the significance and novelty of this doctoral thesis

Chapter 3 statistically modelled the product lifetime

and trend of energy efficiency in use of air conditioners in
Japan. Using those models, this chapter estimated the
number of stock and replacement of air conditioners and
CO, emissions induced by air conditioners. I conducted
scenario analyses about changing both product lifetime
and energy efficiency in use of air conditioners. The
results show the effects of changes in product lifetime and
energy efficiency on CO, emissions. Finally, this chapter
revealed a target value of improvement rate of energy effi-
ciency of air conditioners in shortening the product life-
time through a demand policy such as vehicle scrappage
scheme.

Chapter 4 applied the statistical models of product
lifetime and energy efficiency estimated in chapter 3 into
the environmental input-output framework and developed
a comprehensive analytical framework for life-cycle CO,
emissions induced by final demand of air conditioners in
Japan between 1990 and 2005. Using the framework, this
chapter further proposed a structural decomposition anal-
ysis to identify specific industrial sectors that have indi-
rectly contributed to increasing life-cycle CO, emission
from air conditioners during the study period: 1990 to
2005. This chapter also evaluated combined scenarios of
changing both product lifetime and energy efficiency of air
conditioners and analyzed the energy efficiency improve-
ment necessary for holding CO, emissions from air condi-
tioners in 2005 at 1990 level. Finally, based on the results,
this chapter comprehensively discussed how we should
reduce CO, emissions from air conditioners from point of
view of industrial technologies surrounding air condition-
ers, product lifetime, and energy efficiency in use.

Chapter 5 summarizes the main results obtained
from Chapters 3 and 4, and shows the contribution of this
thesis to environmental and energy policiesfor reducing

CO, emission from durable goods.
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Studies on Graph Optimization and
Network Indicators in Economic
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In the field of economic structure analysis, a nature of
economy as a network has been focused on. A network is
a discrete structure that consists of (weighted) vertices
and (weighted) edges that connect vertices. In the context
of economic analysis, vertices represent industries,
sectors, companies or individuals, and edges represent
transactions between them. In weighted cases, the weight
of a vertex or an edge represents its magnitude. For
example, if a vertex corresponds to an industry, its pro-
duction volume is represented as the vertex weight, and if
an edge corresponds to a transaction between two indus-
tries, the amount of money or materials transferred
between them is represented as the edge weight.

In general, a graphical/network representation gives
an intuitive observation about the local/global structure of
connections. Thus a typical usage of economic network
model is to identify a group of industries/transactions that
play a key role in economy. This type of analyses are also
useful to capture flow of certain things on a network. In
fact, in the field of environmental economics, economic
network analysis is used to discover industries and trans-
actions with high environmental burden of pollutants
caused by economic activities.

The network analysis methods are roughly catego-
rized into two approaches. One is graph optimization
approach, and the other is network indicator approach.
The graph optimization approach works as follows: We
first model the task of analysis as a graph optimization
problem. We then apply an algorithm to solve the problem,
and obtain a solution. The solution implies analytical

results about the network to be considered.
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The network indicators reflect the characteristics of
the network. Typically, these indicators are defined for
vertices and/or edges, which represent their importance.
The network indicator approach quantitatively argues the
features of the network via the indicators.

The graph optimization approach and the network
indicator approach have been applied to economic network
analysis and they are promising in the field of economic
structure analysis. In this thesis, we reorganize and
develop the graph optimization approach and the network
indicator approach from the viewpoint of economic struc-
ture analysis. This thesis consists of six chapters.

In Chapter 1, we provide the research background,
motivation and contribution of this thesis. We also give
the thesis overview.

Chapter 2 is the preliminary part. We give common
definitions and notations used in this thesis.

In Chapters 3 and 4, we study the graph optimization
approach in economic structure analysis. We first model
the task to extract important structures from economic
networks as graph optimization problems. We then design
high-performance algorithms to solve the problems. We
also investigate the computational complexity of the
problems.

In Chapter 5, we focus on the network indicator
approach. We propose a new economic network analysis
method by using two economic network indicators: vertex
betweenness centrality proposed by Liang et al. in 2016
and edge betweenness centrality proposed in this thesis.
This method identifies environmentally critical transmis-
sion sectors, transactions and paths in global supply chain
networks. As the empirical analysis, we use the world
input-output database (WIOD) covering 35 industrial
sectors and 41 countries and regions in 2008. We compute
the vertex and edge betweenness centralities for WIOD.
Moreover, we visualize CO, networks in the global supply
chains based on the vertex and edge betweenness cen-
tralities. Finally, we discuss effective environmental poli-
cies from the results.

In Chapter 6, we summarize our study in this thesis

and mention our contribution to this field.
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