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ABSTRACT 

 

After several decades of its economic miracle, Japan has finally entered a stage of 

slower economic growth accompanied by serious depopulation and population aging, called 

“Demographic Burden.” This trend has rapidly proceeded especially in the rural regions. In 

order to realize optimal national or regional countermeasures against it under the limited 

policy resources, objective and critical analyses are needed. This does not necessarily mean 

that the currently suffering regions should be prioritized, because regional economies are 

mutually networked. Rather, it is important to understanding where the bottleneck is and when 

the impact can be expected.” This research provides concrete clues on these points, under the 

clear separations of intra- and inter-prefectural impact, and of short-run and long-run 

bottlenecks. I show not only the nationwide trends of those impacts but also the information 

on the impacts to respective prefectures.  For the analysis, I built up an multi-prefectural input-

output (MPIO) table from the official prefectural IO tables, and employed the Structural 

Decomposition Analysis in addition to the Economic Impact Analysis, with the household 

consumption data. The findings include: 1) The inter-prefectural impacts of depopulation and 

population aging are much smaller than the intra-prefectural impacts in the short run, but will 

have a strong impact, possibly of importance close to the level of intra-prefectural impact, in 

the long run; 2) In terms of depopulation, the rural prefectures suffer from the negative inter-

prefectural impact more than the metropolitan prefectures in the short run, but in the long run, 

the prefecture with stronger relationship with metropolitan areas may struggle more; 3) In 

terms of population aging, the eastern prefectures suffer from the negative inter-prefectural 

impact more than the western prefectures in the short run. This tendency may last, but the 

prefecture with stronger relationship with metropolitan areas may struggle more.
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Chapter 1. Introduction 

In the year of 1974, nearly a half-century ago, the government of Japan officially 

discussed and alerted the society of future difficulties regarding depopulation and population 

aging1 in a quantitative manner. 

In the median case, the average population growth rate […] will gradually decline to 

0.1% between 2015 and 2024 but never go below zero. However, in the minimum case, 

assuming that the net reproduction rate persists at 0.96%, the population will decrease after 

reaching a maximum of 131.14 million in 2010.” “In 2025, […] only the elderly population 

will increase to 16% and the degree of aging will be higher than those of current Western 

countries.” (Council on Population Problems (1974), translated from Japanese by the author) 

     This discussion was raised in response to the newly set “World Population Year”2 by 

United Nations, following the publication of "The Limits to Growth" by the Club of Rome in 

1972 and the 1973 oil crisis. Coincidently, the 1970s was also a statistical turning point of 

demographic transition in Japan, with the succeeding birth rates lower than a replacement 

level thereby generating negative socio-economic effects (Kuroda, 1974; Sato & Kaneko, 

2015). It was clear that a new demographic period would affect many aspects of social, 

economic, and environmental situations. 

A half-century has passed since then. National and local governments have tried to 

address the situation so far but, unfortunately, most of the problems remain. Japan is now 

experiencing the most advanced demographic transformation in the world: the combination 

of high-level depopulation and population aging that almost precisely mirrors or is even worse 

 
1 In this paper, “depopulation” is defined as the age-wise homogenous decrease of the population, while 

“population aging” is the shift of the proportion toward more aged people. 
2 The General Assembly of the United Nations designated 1974 as World Population Year. Herewith, the 

Assembly was giving recognition to the growing involvement of the United Nations System in the 

population field and to the need for focusing international attention on different demographic aspects. 
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than the 1974 government prediction.  Moreover, the situation differs by region with many 

municipalities and communities already on the edge of survival (Morikawa, 2015; Tokuno, 

2010). 

These dramatic demographic changes influence national and local macroeconomic 

outcomes and policies. It is said that one of the factors for the economic miracle experienced 

in Japan until around 1990 was the increase in population and improvement in demographic 

situation including an increase in the working population accompanied by a declining share 

of dependent population; the economic difficulties that followed could be attributed partially 

to the transforming demographic structure (Dai, 2015; Fukuda, 2017; Kinugasa, 2006). The 

special period of a so-called demographic dividend was already over. 

The macroeconomic impacts can be viewed in various ways. For example, a smaller 

population will reduce total consumption, and with fewer people of working-age, there will 

be a decrease in available labor as an input to production.  Based on the Life-Cycle Hypothesis 

(LCH), which posits that retired people reduce their savings to pay for living costs, population 

aging reduces total saving and then total investment into production.  Moreover, some papers 

indicated that the consumption patterns are different by age, such as a decrease in expenditures 

on education but more on medical consumption by elderly people (Abdel-Ghany & Sharpe, 

1997; Ohno et al., 2013; Shiobara, 2002). 

Since demographic shifts are occurring more rapidly in rural rather than urban regions, 

every level of government including national, prefectural, and municipal, has been trying to 

tackle the associated economic challenges. Especially, the role of the national government in 

promoting policies to address the regional economic impacts by population shifts is important 

for many reasons. First, regional impacts and the national situation are mutually influential: 
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local impacts accumulate into national-scale shocks, and the national political and economic 

situation frames the local situations.  In addition to this national-local relationship, local 

economic impacts also have interregional influence through trade (Hitomi et al., 2000). This 

means, to optimize countermeasures for one region, the local government needs to think about 

interregional factors and their influence on other regions, what are generically referred to as 

spillover effects. Besides, the government of Japan is an important actor as a redistributor of 

the nationwide budgets, which supports the local actions. 

Therefore, when the national government thinks about the macroeconomic situation, it 

is important to consider the impacts of policies at the regional level since there is likely to be 

significant heterogeneity as a result of differences in the economic structure and demographic 

profiles across regions. For example, Hayashida & Hewings (2009) revealed significant 

differences in regional business cycles in Japan both in terms of duration of the whole cycle 

as well as the length of the contractions and recoveries.  However, gathering the multiregional 

data and establishing reliable methods or models for comprehensive analysis presented 

challenges especially at finer geographical scales, such as prefectures. Many prior studies of 

the economic analysis on the domestic impact of the demographic shift were either focused 

on aggregate indexes at the national level with only limited attentions to regions and little or 

no analysis of the multiregional dimension. 

In my study, I use a completely different approach to explore the problem. My study 

offers various benefits to the field of study. First, using a nationwide multi-prefectural IO 

(MPIO) table is constructed to facilitate the Economic Impact Analysis (EIA) of the inter-

prefectural effects of the nationwide demographic shifts through linkage with household 

consumption by age with the new MPIO table.  Secondly, Structural Decomposition Analysis  
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(SDA) enables me to decompose the intricate real effects of local depopulation, national 

depopulation, local population aging and national population aging separately. Thirdly, 

comparison between EIA and SDA enables an understanding of the regional economic 

challenges at the present time and possible significant concerns in the future. By conducting 

these analyses, we will have a better understanding of the bottlenecks or particular paths of 

the economic impact both in the short and long runs. Moreover, my research will strengthen 

understanding on the demand-side of the macroeconomic impact, where many previous 

studies have accumulated the knowledge on consumption but rarely extended this to the 

consequent macroeconomic impact. It is hoped that this research can contribute to more data-

driven national policy decision-making.  

In Chapter 2, recent prominent phenomena in the demographic situation of Japan are 

highlighted. Chapter 3 reviews the related prior discussions on the macroeconomic impacts of 

the demographic shifts. Chapter 4 is a complementary part, explaining the important role of 

the national government in addressing the local demographic challenges. Chapter 5 is the data 

preparation part for making the MPIO table and Chapter 6 explains the way in which I 

prepared by-age household consumption data. Chapter 7 introduces the way of the SDA 

application and Chapter 8 shows the results. Chapter 9 includes both the EIA application and 

the results. In addition to these individual results, Chapter 10 offers us to the joint implications 

of SDA and EIA. Chapter 11 provides conclusions and further discussion. 

  



5 

Chapter 2. Population Situation 

In 1974, the Government of Japan discussed and warned about the future difficulties of 

depopulation and population aging. However, even with the official notice as early as 1974, 

the national government did not propose any policies to counteract against these demographic 

challenges. At that time, the major global trend toward population control and sustainability 

were triggered by the publication of "The Limits to Growth" by the Club of Rome in 1972 and 

by the 1973 oil crisis.  Therefore, the theme of the national policy in Japan was not to reverse 

the situation back toward the population growth but to aim at for a stationary level of 

population with a matured society (Kito, 2000; Morioka, 2008). In that sense, a certain level 

of depopulation and population aging were what they expected. On the other hand, Tokuno 

(2010) criticized that the academic and the government had treated three intimate 

demographic problems (uneven population distribution, population aging, and low fertility) 

separately, which had prevented them from answering timely and comprehensive 

countermeasures needed at that time. While population aging had been revealed in terms of 

its impact on the system of social security such as medical care and pensions, upcoming 

problematic depopulation had not been fully addressed. It is also said that the problem of low 

fertility was finally clarified and regarded seriously only after the so-called "1.57 Shock"3 in 

1989 (Morioka, 2008).  

No matter whether the problems of depopulation and population aging were expected 

or whether population countermeasures had worked or not, it is true that the situation 

proceeded unevenly and much faster than predicted as will be discussed in the following 

 
3 For a long time, the lowest total fertility rate had been 1.58 in 1966, which is extremely lower by 25% 

than in the previous year, 1965 and the following year, 1967. This is because of the traditional superstition 

that people born in this year have a very strong personality and bad for the family. In 1989, the rate recorded 

1.57 for the first time below the level, which was named as “1.57 Shock.” 
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sections. It is most important to consider how we can adapt our social system to this strong 

trends. 

 

2.1. Depopulation in Japan 

According to the annual population estimation by the Statistics Bureau of Japan (SBJ), 

the national population peaked at around 128.1 million in 2008 and has been shrinking since 

then. The census data and the population projection by the National Institute of Population 

and Social Security Research (NIPSSR) provide time-series transition illustrated in Figure 1. 

Japan’s population ranked 11th of all countries in the world in 2019 but is predicted to be 17th 

by 2050 (United Nations Department of Economic and Social Affairs, 2019b). 

 

Figure 1: The Age-specific Population in Japan 

On the national scale, this shrinkage in population is occurring mainly because of a 

natural decrease in the number of total births per the number of total deaths. According to 

SBJ, the natural decrease started and has been scaling up since 2007. Although net 

international migration has also been increasing since 2013, it is still insufficient to 
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compensate for the decline. During 2018, around 424 thousand people decreased naturally 

while partially 161 thousand people were accumulated by net migration. Historically, the total 

fertility rate has been below the replacement level since 1974, and the survivorship curve 

began shifting rightward horizontally rather than rectangularization toward the upper right, 

due to the combination of longer longevity and less room for improvement in early and middle 

life survivorship (Sato & Kaneko, 2015). The time gap between this phenomenon and the 

beginning of natural decrease means that the natural increase was supported by the existence 

of so-called population momentum4 and longer life expectancy, but finally lost its inertia and 

surrendered to go negative in 2007. Trying to improve this situation seems to be extremely 

difficult; it has been estimated that reversing depopulation by enhancing fertility rate would 

take more than a half-century in Japan (Morioka, 2008). Also, this kind of policy will have a 

negative effect of increasing the young dependent population in the first 40 years (Umezaki 

& Ishikawa, 2014). 

Turning attention to the regional situation, the problem is even more serious. Based on 

the same data source as Figure 1, Figure 2 shows the growth rates of the population in each 

prefecture (1 means no growth). From 1975 to 2010, i.e., the last 45 years of the population 

growth, 34 out of 47 prefectures experienced population growth. The remaining 13 prefectures 

went through depopulation, but their decreasing rates were moderate because even the worst 

one was still 0.88 (of the Akita prefecture). However, future estimates for 2045 reveal that 45 

prefectures will be expected to suffer from severe depopulation. The worst one will be 0.55 

 
4 Even if the fertility rate decreases below the replacement rate (the number of children that a couple would 

have to have over their reproductive years to replace themselves), the total population will keep growing, 

because of the large number of child-bearing women in the society. Population momentum is an index of 

this inertia, indicating an increasing tendency with its value more than 1 and decreasing tendency with its 

value less than 1. According to Ishii (2006), population momentum in Japan fell below 1 in 1996. 
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(also of Akita) and more than half are less than 0.8. Only two prefectures, Tokyo and Okinawa, 

will keep increasing their populations, but their rates are only 1.03. 

 

Figure 2: Regional Population Growth 

In reference to the latest annual population estimation by SBJ, Okinawa is the only 

prefecture showing a natural increase between 2017 and 2018.  The other six prefectures with 

increased populations were located in several metropolitan areas. Although their natural 

increases were negative, they had comparably larger numbers of net international and 

intranational migrations. The impact of natural decrease has become more significant 

nationwide especially since 1995, which worked as a factor that broadened the population gap 

among prefectures (Yamagami, 2009). Their net migrations mostly derived from intranational 

migration rather than international migration. Historically there were three big regions of 

intranational inflow (i.e., the metropolitan areas around Tokyo, Nagoya, and Osaka), but since 

the 1970s, only the Tokyo region has boasted such a status because of its comparably stronger 

appeal and lower transportation costs (Yamagami, 2009). Besides, most of the limited number 
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of international immigrations since 1976 was into the Tokyo region (Yoshitaka Ishikawa, 

2014). In short, all three factors of regional population shift (namely, natural increase, net 

intranational migration, and net international migration) have amplified the regional 

population gap over these decades. In 2014, the subcommittee of the Japan Policy Council 

published a now famous proposal in which almost a half of municipalities were categorized 

into "City at risk of disappearing”5 by the combination of depopulation and population aging 

(Japan policy council subcommittee on population decline, 2014). This could be even more 

serious when we think about the geographically more detailed situation because rural districts 

within a city tend to lose their population more quickly, which leads to more uneven 

distribution within the city (Ariga et al., 2011).  

 

2.2. Population Aging in Japan 

Population aging is another big issue. According to the 2018 annual population 

estimation by SBJ, the national proportion of elderly people (aged 65 or more) was 28.1%. 

Seeing the Census-base population pyramid (Figure 3), the shape is constrictive. There are 

two peaks nearby the 40s and 60s due to the first and second baby booms.6 These cohorts have 

been supporting the bulk of the working-age population so far but are now gradually entering 

to the elderly group. 

 
5 The definition is “the municipality whose population of the women aged between 20 and 39 will be halved 

by 2040.” 
6 The older cohort is called “Dankai Generation” born right after WWⅡ. The younger cohort is called 

“Dankai Jr.” born from Dankai Generation. 
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Figure 3: Population Pyramid in Japan (2015) 

Historically, prior to the peak of the total population, the young-age (the age of 14 or 

less) population had its peak around 1955 and the working-age (between 15 and 64) 

population did in 1995 (Sato & Kaneko, 2015). Due to increasing longevity and less room for 

improvement in the survival rates of early and middle life, the survivorship curve began 

shifting rightward horizontally rather than rectangularization toward upper right since 1970 

(Sato & Kaneko, 2015). The dependency ratio7 has kept growing since 1980, and the numbers 

of the young-age and the elderly were reversed in 1997 (Sato & Kaneko, 2015). The United 

Nations’ report of World Population Aging 2019 (United Nations Department of Economic 

and Social Affairs, 2019a) reported that the proportion of elderly people in Japan is by far the 

highest in the world, and the old-age dependency ratio8 is estimated to remain the highest at 

least up to 2050, the limit of forecast. 

Of course, population aging is advancing nationwide, but the situation and speed vary 

significantly by prefecture. Figure 4 shows the Census-based prefecture aging situation as of 

 
7 The summed number of young-age dependents (persons aged 14 or less) and old-age dependents (65 or 

over) per 100 persons of working age (aged 15 to 64 years) 
8 The number of old-age dependents (persons aged 65 years or over) per 100 persons of working age (aged 

20 to 64 years) 
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2015. For example, the proportion of elderly people in Akita, one of the northern prefectures, 

is already the highest 33.8% with its extremely constrictive population pyramid. On the other 

hand, the proportion in Tokyo is 22.7%, the second-lowest, and is supported by its abundant 

number of working-age population. Okinawa, the youngest (19.6%) prefecture located in the 

southernmost part of Japan, is still yielding a fair number of younger generations. 

 

Figure 4: The Proportion of the Population Aged 65+ (2015) 

One reason for these different proportions among prefectures is the influence of 

intranational migrations of the young people aged around their late teens and 20s. Many 

studies explained that a large portion of intranational migration occurred as a result of the 

movement of people in those age groups from countryside areas to metropolitan areas for 

better education and employment chances (Tamura & Sakamoto, 2016; Tani, 2000; 



12 

Yamaguchi & Matsuyama, 2015). This emigration not only reduces the number of young 

people directly but also reduces the number of potential reproductions in the original region 

in the long run. Koike et al. (2007) insists that the expected level of the child-bearing cohorts' 

migration would drastically change the distribution of regional birth rates in the direction of a 

larger gap. On the other hand, the elderly population is likely to stay where they currently live 

because of the attachment to their local environment, communities and related memories 

(Tahara & Kamiya, 2002). In addition, they rather tend to move from metropolitan areas to 

countryside areas, even though the total scale is smaller than the people in the teens and the 

20s (Tamura & Sakamoto, 2016). These tendencies also accelerate higher proportions of 

elderly people in the countryside areas. 
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Chapter 3. Discussed Impacts to Macroeconomy 

Since the positing of the Malthusian Law of Population at the end of the 18th century, 

the relationship between economy and population has been controversial. Although both 

optimistic and pessimistic viewpoints have been raised without consensus, recent studies 

insisted that if we take not only the total population but also the demographic structure 

including age into consideration, it is possible to find some significant relationship (Bloom & 

Williamson, 1998; Kinugasa, 2006; Van Der Gaag & De Beer, 2015). 

The economy is, of course, a kind of organic circulation. The demographic structure and 

economy are mutually influential, the supply side situation and the demand side situation 

affect each other, and the situation in one market changes the one in another. In my study, I 

will focus on the unilateral effect from the demographic change to the macroeconomic 

situation of consumption, and then, production. It would be safe to say that the impacts of the 

demographic shifts to the macroeconomic situations can be roughly distinguished into two 

categories: an impact to the supply side and an impact to the demand side (Komaki, 2017). 

For example, the supply-side effects include the changes in the size of the labor force and in 

the scale of investment, while the demand-side effects include the changes in total 

consumption and in the consumption patterns (Aksoy et al., 2019; Komaki, 2017). These 

effects are not mutually exclusive but proceed at the same time, and the final effects will be 

made up by the combination of them. In this chapter, I will explore the two paths separately 

because most of the studies are focus on one of them and it seems to be a better way for 

understanding the stream of previous studies. 
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3.1. Supply-side Effects 

3.1.1. Labor Force Factor 

Within the many aspects of depopulation and population aging, the shift of the number 

of the labor force has the most direct influence on the labor input to productive activity. Based 

on the economic theory and the regression analysis, Bloom & Williamson (1998) analyzed 

the relationship between the average growth rates of output per worker and the average growth 

rate of the number of workers in Asian and other countries during 1965-1990, and found that 

the changes in working-age population accounted for at least one-third of their economic 

growth over the period. The positive effect of an increase in working-age population to the 

macroeconomic situation was named the "Demographic Dividend"9 (Bloom et al., 2003) and 

was popularized worldwide (World Bank, 2003).  Their method is called "the Harvard model," 

which was utilized by many following studies (Dai, 2015; Kelley & Schmidt, 2005; Kinugasa, 

2006). 

Kinugasa (2006) applied the Harvard model to the Japanese situation with prefectural 

data from 1960 to 1995. The findings included that: 1) the growth rates of the number of 

workers had a positive effect on the average growth rates of output per worker, while the 

growth rates of the total population had a negative effect; 2) this effect had supported the 

regional economic growths of all prefectures, which had growing numbers of working 

population within the period, and the positive impact was comparably larger in the 

metropolitan regions. On the other hand, Dai (2015) also employed the Harvard model with 

prefectural data from 1980 to 2010, finding a slightly different results, namely that both the 

growth rates of the number of workers and of the total population had a significant positive 

 
9 In Japan, this notion is also well known as the word “Populational Bonus” 
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relationship with the local economy. Their different results might be explained by the 

difference in the use of other explanatory variables, but it might also reflect the story that 

under the shrinking population recently, a broader range of people including elderly people 

and women tends to work, which let the growth rates of the number of workers and of the 

total population be closer to each other than ever.  

Based on their findings, Kinugasa (2006) and Dai (2015) both alerted the predictable 

negative impact of the decreasing number of working-age people in the future. The special 

period of Demographic Dividend, which supported the significant economic growth in Japan, 

had ended. After this period, the previous large working-age population gradually becomes a 

component of the dependent population, which generates pressure on the economy (Fukuda, 

2017). Van Der Gaag & De Beer (2015), found a similar negative effect in the EU, and called 

this phenomenon the “Demographic Burden.”10 

More directly, Ohbuchi (1992) raised the possibility that the growth of the Japanese 

economy would suffer from the cap imposed by the limited amount of labor supply. This study 

estimated the level of the future economic growth on the analogy of the past statistics and 

compared two scenarios with and without a labor supply ceiling. The analysis revealed that 

the labor supply would become scarce by 2010, even under the best socioeconomic scenario. 

Kosaki (2006) projected the future labor demand by using the labor demand function and 

suggested that there could be a serious labor shortage after 2025. Seeing the SBJ’s estimation 

of prefectural unemployment rates through the last decade (2009 to 2018), the transitions were 

actually in the significant downward trends from the average 5.2% to 2.4%. 

However, this is a kind of ceiling that can be overcome to some degree with changes in 

 
10 In Japan, this notion is also well known as the word “Populational Onus” 
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policy and technology. For example, the current policy trend of prolonging the retirement age, 

encouraging women workers and gradually welcoming foreign workers will increase the 

volume of the working-age population (Bloom et al., 2010; Dai, 2015). In terms of technology, 

Fukuda (2017) indicated that some industrial sectors such as machine assembly, clerical work, 

transportation, cleaning, and packaging have been efficiently using alternative machines and 

systems, and so have not yet faced labor scarcity. It is still difficult to determine how much 

labor scarcity will occur and then affect the economy in the future.  

 

3.1.2. Investment Factor 

The main reason for expecting the shift in investment comes from the notion that the 

amount of private savings, which funds private investment, would change in line with both 

total population and the age structure. The impact of the total population on the saving amount 

is intuitive and does not need much explanation. On the other hand, the impact of the age 

structures is especially based on the theoretical and empirical background of saving and 

consuming dynamism of individuals. Among many theoretical trials, the Life-Cycle 

Hypothesis (LCH), originally proposed by Modigliani & Brumberg (1954), is one of the most 

popular theories. According to the LCH, individuals determine their consumption and saving 

behavior by taking their life-long situation into consideration. Under this framework, 

individuals will save their money in their earlier years and dissave after their retirement.11  If 

 
11 After this theory was proposed, many studies tried to amend or refine the mechanism by extra data. By 

using the model simulation under certain conditions of expenditure, Kotlikoff (1986) expected that the 

preparation for unpredictable medical expenses was explaining the massive portion of the saving amount. 

This aspect is also supported by De Nardi, French, & Jones (2010), which add more detail categories for 

simulation. Yaari (1965) and Davies (1981) also mentioned about the uncertainty of the life span as the 

cause of saving behavior. On the other hand, De Nardi (2004) and other related studies shed light on the 

inheritance motivation, especially in wealthy households. These are all satellite studies of LCH and 

organically composing a holistic study framework.  
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LCH is perfectly applied, the retirees keep dissaving their accounts over time. 

Based on the LCH and the different work-retirement systems in Japan and the US, 12 

many studies tried to reveal the characteristics of the saving behavior of aged people in Japan. 

According to Souma (2001), the dominant reason for saving after the age of 50 in 2009 was 

to prepare budgets for their life after retirement and for contingency. From a regression 

analysis of the Japanese data as of 1955-1993, Horioka (1997) indicated that the increase in 

the ratio of aged population to the working-age population had a negative and significant 

impact on the aggregated household saving rate. Under the LCH, this could occur because the 

aged people are less likely to save than the younger people. Meanwhile, Kinugasa & Mason 

(2007) analyzed the relationship between higher longevity and aggregated saving rates in 76 

countries in the late 1960s and 1990s and found that the variables of old age survivorship had 

significant positive effects on the saving rates especially in the West and East Asia including 

Japan. This can also be explained by the LCH, implying more savings for longer life after 

retirement. Across the studies, the balance of these factors is not consistent. 

In terms of the dissaving pattern after retirement, Horioka & Niimi (2017) revealed that 

the dissaving of the aged households proceeded at the pace of reaching to zero assets in 

approximately 40 years. They also pointed out that the pace has been gradually accelerated in 

accordance with the decrease of social security. On the other hand, Ohno et al. (2013) 

compared the results of three national surveys related to income, saving and consumption, and 

found that the amount of total savings had peaked around the age of 60 in one survey, while 

 
12 In Japan, the job retirement age must be over 60 years old and companies must keep hiring until 65 years 

old if the worker desires to stay under national laws. Public Pensions are payed after the age of 65 and 

retirees tend to manage their finance by Public pensions and private assets. Public Medical Insurance covers 

all citizens and supports at least 70% of the eligible medical costs such as hospitalization, surgery and 

nursing. Inheritance tax is imposed to all inheritance with the rate from 10% up to 55%. 
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the other two surveys showed the results that it was still slightly upward after the age. Tsuri 

(2016) understood this point and illustrated that this kind of positive saving rates in the aged 

households was due to the aged households still working or having younger family members. 

The analysis only with solo non-working aged households showed that the saving rate is 

almost zero. 

Although it is the basic notion in economics, the relationship between domestic savings 

and domestic investment is controversial in the increasing global economy. Feldstein & 

Horioka (1980) made a cross-sectional regression analysis with the data of OECD countries 

between 1960 and 1974 and asserted that domestic savings rates in those industrial countries 

have almost equal correspondence to their domestic investment rates. Their time-series 

analysis also showed that the Japanese situation is not so much different than the average. In 

other recent studies on the Japanese situation, they still indicated the significant relationship 

between the rates but, at the same time, the coefficient level did not seem to be as high as the 

one that Feldstein & Horioka (1980) have found (Kumar Narayan, 2005; Sinha, 2002). 

In addition to the path via savings, Umeda et al. (2017) introduced the economic effect 

of population aging via growth expectation. Based on the study including OECD countries, 

they found the significant relationships between the old-age dependency ratios and the 

expected growth rates, and then between the expected growth rates and the investment rates. 

Further, they concluded that, through the path of growth expectation, the investment rate drops 

by about 0.4% if a 1% decrease in the old-age dependency ratio occurred. The impact was 

almost two times as large as the impact through savings.  

Moreover, there can be seen some shift in the invested sectors by aging. Yoshida (2006) 

insisted that the decrease in the working-age population did have the power to induce 
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investment into the capital-intensive market. Actually, the recent data showed that the IT 

sector accounted for more than half of the domestic venture investment, followed by the bio, 

medical and healthcare sectors, while other sectors such as manufacturing and energy were 

inferior to them (Venture Enterprise Center, 2016). Aksoy (2019), however, insisted that in 

OECD countries from 1970 to 2010, the amount of R&D (more properly, the residential patent 

applications per capita) was negatively influenced by their aging populations. 

 

3.2. Demand-side Effects 

3.2.1. Total Consumption 

On the flip side of saving behavior, the LCH also explains the total consumption in a 

way that less spending in one’s early life to accumulate savings for his/her aged life. In 

addition, some of the studies mentioned the unique characteristics of the spending patterns. 

Masubuchi (2000) indicated that consumption propensity, or the portion of consumption 

spending from disposable income, was high in the older-age households. Wada (2006) 

introduced several previous studies and noted that the absolute amount of consumption is 

higher in the elderly people than the younger. Nakatani (2013) found that the total 

consumption of the elderly people is higher among the households located in the large cities 

and owning cars. This might become more important in the future, considering the possibility 

of more population concentration into the metropolitan areas.  

 

3.2.2. Consumption Composition 

The focus will now turn to the more detailed item-specific consumption patterns. This 

point is very important because the impact of consumption on the economy is also influenced 
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by the categories of consumption. Briefly speaking, there is a huge difference between 

consumption increase in the agriculture sector and the service sector in terms of the economic 

impact. Kim et al. (2016) employed a regional econometric input–output model for Chicago 

and assessed the differences generated by consumption of a representative and age-

specifically disaggregated households. Their study included the finding that when they 

considered the disaggregated household parameters, the total consumption was smaller, with 

different industrial composition in consumption. 

For the case of Japan, some early studies indicated the relationship between the aging 

rate and the consumption in medical care by regression analyses (Fujino, 1992; Maruo, 1992). 

Takeda (2010) focused on the service sectors and found that households over the age of 70 

tended to spend more money on leisure activities such as travel, because of the freedom from 

childcare and the need for luxury full-serviced traveling. 

With a broader sense, Shiobara (2002) and Wada (2006) dealt with comprehensive 

consumption sectors by using the data of the National Survey of Family Income and 

Expenditure (NSFIE) and showed that the old-age households increase their consumption on 

“food items,” "medical and nursing services," "self-education and leisure," "housing," etc. 

while decreasing their consumption on "house rents," "cars," "eating out," etc. Ohno et al. 

(2013) did a cross-tabulation analysis with three different comprehensive data sources 

including NSFIE and reported the consistent tendency of more consumption on medical and 

nursing services could be seen in the old-age households across the different sources. 

From the perspective not only of consumable goods and services but also of durable 

assets, Morimiya (2000) distinguished the debt for investment budget on land and houses from 

other debt and found that older-age households tend to invest in land and houses more than 
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the younger. Nakazawa et al. (2015) employed the categories of financial assets and real assets 

to see the situation of total property, and also found the tendency of having more property in 

the older age after retirement.13 I should note here that their asset holding is not necessarily an 

expenditure but perhaps the source of income. Elderly populations may earn less wage and 

salary income but are more dependent on capital income, which might be derived from life-

time savings and investment. 

It is also interesting to know the difference in the consumption composition by region. 

Using the by-prefecture (age-aggregated) data of NSFIE between 1984 and 1999, 

Wakabayashi & Hewings (2007) implied to the relatively large regional consumption 

variations in housing, education, and clothing, and relatively small in food and leisure. They 

guessed, for example, the housing variation reflected the difference in land prices and the 

education variation came from higher usage of private schools in the urban areas. 

  

3.3. More Holistic or Other Style Analyses 

Instead of focusing either on the supply side or on the demand side, the direct analyses 

on the relationship between economic growth and aging were featured in many studies. Aksoy 

(2019), one of the latest ones, applied a vector autoregression analysis to the OECD countries' 

 
13 Even though they are not of the direct situation in Japan, some of the US studies with more varied 

household and items/services categories. In their study for consumption preference of old-age households, 

Paulin & Duly (2002) made three categories of households: single men, single women, and married couples. 

For example, consumption on transportation by single men was calculated to be twice as much as the 

consumption by single women, while consumption on apparel and services by single women was one and 

a half times as much as the consumption by single men. Besides, the study of Abdel-Ghany & Sharpe 

(1997) showed by far more detailed analysis. They not only analyzed the by-item/service consumption 

difference between two age groups of 65-74 (young-old) and 75 and older (old-old) but also did correlation 

analysis with various household social statuses such as a region of residence, education history, race, and 

marital status. According to their study, there are no statistically significant differences in terms of social 

statuses, while they found significant difference between two age groups: the young-old prefers food at 

home, food away from home, alcohol and tobacco, transportation, entertainment, and personal insurance, 

and on the other hand, the old-old prefers housing, apparel and apparel services, healthcare, and personal 

care. 
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data from 1970 to 2010, with various economic indexes. The study found that population 

aging in those countries had statistically significant negative impacts on output growth, 

investment, savings, hours worked per capita, and real interest rates. Komaki (2017) divided 

the changes of the economy into an economic trend, a business cycle and volatility, and found 

that in addition to the negative effect on the first two factors, aging demography in Japan from 

1977 to 2013 decreased the economic volatility. The degree of the impact was stronger in the 

rural prefectures than the urban prefectures. 

More comprehensively, some previous studies used general equilibrium models. 

Nobukuni (2000) focused in Nagoya city, Japan, and built up a general equilibrium model 

with the exogenous parameters of by-age population, which affected the private consumption 

expenditure, the number of workers and so on. Based on the data between 1975 and 1997, it 

forecasted the economic situation up to 2010 and showed that the deficit of the local 

government will become more than three times worse in the case of natural aging tendency 

compared to the fixed demographic case. Ban (2007) established a Computable General 

Equilibrium (CGE) model with a Japanese 8-region 22-industry social accounting matrix as 

an exogenous structure and simulated impacts from several socioeconomic factors until 2015. 

One of the meaningful perspectives of the study is that it dealt with the effect of the 

interregional transaction with an input-output table. According to the results, the slowdown 

of the increasing pace of the labor force in local regions provoked more production and 

investment before the shock, because of the temporary increase in wage and consumption, but 

later they dropped down below normal. Even the urban regions, where the growth rate of labor 

force does not change, were also affected negatively in terms of investment and consumption. 

In the global sense, Aksoy (2019) built up a model of OECD countries including Japan, with 
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an R&D factor, and insisted that in addition to the effect through consumption and human 

capital accumulation, population aging also deteriorates the level of the innovation process.  

Besides, Kim & Hewings (2019) proposed a unique technique of using an open input-

output model for their analysis on the economic impact of population aging in Chicago. By 

combining their estimation of by-age by-sector labor income and consumption with the local 

input-output data, it showed that the aggregated interrelational income multipliers14 and multi-

sector income multipliers would decrease by aging from 2009 to 2020 because the number of 

elderly workers who earn less labor income than younger groups is expected to grow more 

rapidly. 

 

3.4. Importance of My Study 

The role of the national government in addressing the challenge of the local impacts 

from these demographic challenges is highly important. Because the situations vary among 

regions and mutually affect each other, when the national government thinks about the grand 

design of the nationwide macroeconomic situation, it is important to consider the significant 

relationships between regions. The problem is, gathering the multiregional data and 

establishing reliable methods or models for comprehensive analysis is difficult. The former 

studies of the economic analysis on the domestic impact of the demographic shift were 

basically either focusing on the aggregated indexes at the national level and sacrificed the 

multiregional perspective, or only focused on a limited number of regions. 

In my study, I use a completely different approach to overcome this problem: The 

Economic Impact Analysis (EIA) and the Structural Decomposition Analysis (SDA) of by-

 
14 The index indicating how much income in one group is generated by a unit of income increase in the 

other group 
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age household consumption with a custom-made multi-prefectural IO (MPIO) table. My study 

offers various benefits to the field of study. First, using a nationwide MPIO table will allow 

the collection of information about inter-prefectural effects generated by the nationwide 

demographic shifts.  Secondly, SDA enables me to decompose the intricate real effects of 

local depopulation, national depopulation, local population aging and national population 

aging separately.  Thirdly, integrating the EIA and SDA results enables us to understand the 

current challenged regions for the time being and the possibility of further concerns in the 

future.  In sum, we will have a better understanding of the bottlenecks or particular paths of 

the economic impact both in the short and long runs. Moreover, my research will strengthen 

understandings on the demand-sided macroeconomic impact, where many previous studies 

have accumulated the knowledge on consumption but rarely explored the consequent 

macroeconomic impact. 

 

3.5. Difference between the Economic Impact Analysis and SDA 

The Economic Impact Analysis (EIA) presented in Chapter 9 is good for forecasting 

the impact in the future, by using some imaginary shock such as projected population or a 

certain level of depopulation. In other words, it is a “If” scenario without any guarantee 

whether we will experience the shock as it was imagined or not in some prefectures, especially 

in the short run. For example, 1% depopulation is still unexpected in the Tokyo and Okinawa 

prefectures, while it may be a strong expectation for Akita prefecture, where more than 1% 

depopulation has already been forecasted in the short run. The impact analysis also has the 

limitation that it considers only the focused input with all other things such as the structure of 

the IO table being equal. Beyond these issues, the results of EIA have an important implication 
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because many of the regions in Japan will experience drastic depopulation and population 

aging not so much thus far but more significantly in the long run. 

On the other hand, SDA use not “If” scenarios but recent actual scenarios, using the 

past IO data. The SDA analysis reveals the actual impact between two time periods, taking 

into consideration both the IO structure and actual value changes. 

The results of both analyses are important. SDA clarified the close bottlenecks for 

the time being, while the Economic Impact Analysis showed us the possible big concerns. 
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Chapter 4. Role of the National Government for Regional Demographic Situations 

With the fact that these demographic shifts are proceeding rapidly in the countryside 

regions rather than urban regions, every level of governments including national, prefectural 

and municipal have been trying to tackle their economic difficulty in response to the 

demographic shifts. In particular, the role of the national government in developing 

appropriate policies to address the local impacts is highly important because of several 

aspects. 

First, regional impacts and the national situation are mutually influential: local impacts 

accumulate into the national-scale shocks, and the government political and economic 

situation frames the local situations. Not only the national-local relationship, but the local 

economic impacts also have interregional influence through trade. Hitomi et al. (2000) 

indicated that the major factor of change over time in regional output in Japan is interregional 

trade rather than technology. This means, in order to realize optimal countermeasures for one 

region, the policy analyst needs to consider the interregional factors and the influence of one 

region on other regions. Moreover, the government of Japan is an important actor as a 

redistributor of the nationwide budgets. One easy example is the existence of Local Allocation 

Tax Grants that are to be allocated to local governments from the national government based 

on the deficit estimation with population, area, tax revenue and so on. Based on the data of 

the Annual Survey of Local Public Finance by the national Ministry of Internal Affairs and 

Communications (MIAC), 35% of the aggregated ordinary general revenue of the 

municipalities in 2017 came from the Local Allocation Tax Grants.15  

Historically, the national government of Japan has tried to tackle the regional 

 
15 Including the Special Temporary Bonds used to guarantee the full distribution the grants promise. 
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socioeconomic problems derived from depopulation and population aging. The series of 

"Comprehensive National Development Plans" that originally began in 1962 and worked as 

long-term nationwide blueprints of city planning, housing, infrastructures, etc., took important 

roles. Especially, the third (1977~1987), fourth (1897~2000) and fifth (2000~2005) versions 

of the plans professed "well-balanced land development" against uneven depopulation 

(Tokuno, 2010). Coordinating with those plans, the act for supporting depopulating and aging 

municipalities with special financial and physical aids have renewed and enlarged its target 

and supports16  (Kaso mondai kondankai [Depopulation problem round-table conference], 

2019). However, Tokuno (2010) criticized that these measures persisted to increase or 

stabilize the regional population by enhancing the chance of employment but mostly ended 

up in vain, or at least, temporary effects under the gigantic demographic trend of depopulation 

and population aging. 

In 2008, the national government enacted a new development plan called "National 

Spatial Strategies." One of the important discussions related to the plan was about the aspect 

of the plan that replaced the motto of "well-balanced land development" and shifted to the 

motto of "development with unique characteristics" (Morikawa, 2015; Takayama, 2009). 

There should be positive reasons for this change such as the needs for global competence with 

unique characteristics, but the studies pointed out a negative aspect that the national 

government cannot afford to support all the depopulating municipalities in the future with a 

more severely tightened national budget. 

Although the word "well-balanced land development" was no longer used, it seems that 

 
16 The sequential renewals of Emergency Measures Act for Depopulated Areas (1970), Act of Special 

Measures for Promoting Depopulated Regions (1980), Act on Special Measures to Revitalize Depopulated 

Areas (1990), Act on Special Measures to Promote Independence in Depopulated Areas (2000)  
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the national government is still considering both notions of "well-balanced land development" 

and "development with unique characteristics" in the recent policies. Or it might be just 

reflecting the shocking fact that almost half the numbers of municipalities are at risk of 

disappearing by 2040, which the subcommittee of Japan Policy Council proposed (Japan 

policy council subcommittee on population decline, 2014). In the same year, the national 

government enacted a new law of "Act on Overcoming Population Decline and Vitalizing 

Local Economy in Japan." One of the big measures is a huge annual budget allocation to the 

local governments represented by the total budget of 1 trillion yen usable for any kind of 

related projects, is distributed to all municipality automatically.  Besides, 100 billion yen in 

total is subsidized independently for specially approved projects of local governments. 

The decision of approval to applied projects is made by the national government based 

on seven criteria,17 and each project is considered separately. In other words, the national 

government passively checks the suitability to the criteria without any broad sense of which 

regions or sectors in Japan should be more intensively dealt with. There could be some 

problems such as 1) Some projects with low priority but great appearance would displace 

other necessary projects; 2) There is no guarantee that the combination of local-level 

optimization leads to national optimization. In addition, some previous studies showed that 

lobbying by local authorities affects the subsidizing decision making of a central government 

(Muramatsu, 1988; Sugahara, 2004). 

The national budgets are under the stress of contraction due to more needs for 

expenditure on social security in the highly aged society. National budgets should be rationally 

allocated to the agencies with higher national and local necessity, not ones with louder voices. 

 
17 : 1) policy sustainability, 2) private collaboration, 3) interregional collaboration, 4) inter-policy 

collaboration, 5) project leaders, 6) human resource development and 7) compliance and project efficiency. 
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Therefore, it is important for the national government to have reliable objective valuation 

based on the scientific reasons. It is the hope that this research can contribute to this objective 

notion. 
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Chapter 5. Data Preparation: Multi-Prefectural Input-Output (MPIO) 

5.1. Direction 

In order to make it possible to analyze the multiregional economic impact of population 

aging and depopulation separately, I employed the methods of the Economic Impact Analysis 

(EIA) and the Structural Decomposition Analysis (SDA) with a multiregional input-output 

(IO) table. The national IO table is produced by the national Ministry of Internal Affairs and 

Communications (MIAC) almost every five years, but it does not have the elements of sub-

regional (namely, prefectural) transactions. Instead, I used the prefectural IO tables issued by 

each prefecture separately and combined them into one multi-prefectural IO (MPIO) table. 

The IO data of each prefecture contains the transaction matrix inside it, and transactions with 

outsiders are aggregated into the vectors of “Export” and “Import” (Some prefectures have 

more decomposed vectors as “Intranational Export,” “International Export,” “Intranational 

Import” and “International Import.”). Therefore, I needed to estimate inter-prefectural 

transactions. The predecessors of this kind of work are Hagiwara (2008), Ishikawa & Miyagi 

(2003) and Miyagi et al. (2003), all of which used the Chenery–Moses model (Chenery, 1956; 

Moses, 1955). In line with their work, I utilized the Chenery–Moses model to build up the 

MPIO table. The reasons are not only because its application in Japan has been established by 

previous studies, but also it is useful for converting household consumption in each prefecture, 

which is a mix of local direct consumption and consumption via import, to nationwide direct 

consumption through the trade coefficient. 

 

5.2. Chenery–Moses Model 

Provided we have the IO tables of each subregion 𝑟 (𝑟 ∈ 𝑅) with each industry 𝑖 (𝑖 ∈
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𝐼) in one country we aim to build up an interregional IO. The IO equation in region 𝑟 is 

denoted as follows: 

𝐴𝑟𝑋𝑟 + 𝐹𝑟 + 𝐷𝐸𝑟 − 𝐷𝑀𝑟 + 𝐸𝑟 −𝑀𝑟 = 𝑋𝑟  

where 

𝐴𝑟 = [
𝑎11
𝑟 ⋯ 𝑎1𝐼

𝑟

⋮ ⋱ ⋮
𝑎𝐼1
𝑟 ⋯ 𝑎𝐼𝐼

𝑟
],   𝑋𝑟 = [

𝑥1
𝑟

⋮
𝑥𝐼
𝑟
],    𝐹𝑟 = [

𝑓1
𝑟

⋮
𝑓𝐼
𝑟
], 

 

𝐷𝐸𝑟 = [
𝑑𝑒1

𝑟

⋮
𝑑𝑒𝐼

𝑟
],   𝐷𝑀𝑟 = [

𝑑𝑚1
𝑟

⋮
𝑑𝑚𝐼

𝑟
],    𝐸𝑟 = [

𝑒1
𝑟

⋮
𝑒𝐼
𝑟
],   𝑀𝑟 = [

𝑚1
𝑟

⋮
𝑚𝐼
𝑟
] 

 

Here, 𝑎𝑖𝑗
𝑟  is the technical coefficient of industry 𝑖 with industry 𝑗 (𝑗 ∈ 𝐼) in region 𝑟, 𝑥𝑗

𝑟 

is the total output of industry 𝑖 in region 𝑟, 𝑓𝑖
𝑟 is the final demand for industry 𝑖 in region 𝑟, 

𝑑𝑒𝑖
𝑟 is the intranational export of industry 𝑖 in region 𝑟, 𝑑𝑚𝑖

𝑟 is the intranational import of 

industry 𝑖  in region 𝑟 , 𝑒𝑖
𝑟  is the international export of industry 𝑖  in region 𝑟 , 𝑚𝑖

𝑟  is the 

international import of industry 𝑖 in region 𝑟. 

The Chenery–Moses model enables us to estimate a comprehensive interregional IO 

table from this by region individual IO tables. The key point of the approach is introducing 

“Trade Coefficients (𝜏).” 𝜏𝑖
𝑟𝑠 denotes the share of input from industry 𝑖 in region 𝑟 to the total 

demand for the input from industry 𝑖 in region 𝑠. Therefore, ∑ 𝜏𝑖
𝑟𝑠

𝑟 = 1   ∀𝑠 ∀𝑖. The formula 

of 𝜏𝑖
𝑟𝑠𝑎𝑖𝑗

𝑠 𝑥𝑗
𝑠 shows the flow of the goods or services from industry 𝑖 in region 𝑟 to industry 𝑗 

in region 𝑠. Because the formula of ∑ (𝑎𝑖𝑗
𝑠 𝑥𝑗

𝑠)𝑗 + 𝑓𝑖
𝑠 denotes the total demand for the input 

from industry 𝑖 in region 𝑠, the formula of 𝜏𝑖
𝑟𝑠[∑ (𝑎𝑖𝑗

𝑠 𝑥𝑗
𝑠)𝑗 + 𝑓𝑖

𝑠] indicates the total input from 

industry 𝑖  in region 𝑟  to all demands in region 𝑠 . International export from region 𝑠  is 

excluded from the terms in the parenthesis because usually no international export directly 

from international or intranational import (i.e. transfer transaction) are included in the IO 
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tables (at least in the case of Japan). Meanwhile, international import to region 𝑠 is included 

in 𝜏𝑖
𝑠𝑠[∑ (𝑎𝑖𝑗

𝑠 𝑥𝑗
𝑠)𝑗 + 𝑓𝑖

𝑠] , the inside transaction of the region, because, similarly to 

international export, usually no international import directly from international or 

intranational export (i.e. transfer transaction) are included in the IO tables (at least in the case 

of Japan). 

Let’s say that we have the IO tables of every subregion in the country and also have the 

already-known interregional trade coefficients. For the sake of calculation, trade coefficients 

of input from region 𝑟 to region 𝑠 is provided by the diagonal matrix of, 

𝑇𝑟𝑠 = [
𝜏1
𝑟𝑠 ⋯ 0
⋮ ⋱ ⋮
0 ⋯ 𝜏𝐼

𝑟𝑠
]  

Then, we can get the multi-regional IO table through the formula below. 

𝑇(𝐴𝑋 + 𝐹) + 𝐸 −𝑀 = 𝑋  (1) 

where 

𝑇 = [
𝑇11 ⋯ 𝑇1𝑅

⋮ ⋱ ⋮
𝑇𝑅1 ⋯ 𝑇𝑅𝑅

] ,   𝐴 = [
𝐴1 ⋯ 0
⋮ ⋱ ⋮
0 ⋯ 𝐴𝑅

] ,   𝑋 = [
𝑋1

⋮
𝑋𝑅
] ,   𝐹 = [

𝐹1

⋮
𝐹𝑅
],  

𝐸 = [
𝐸1

⋮
𝐸𝑅
] ,   𝑀 = [

𝑀1

⋮
𝑀𝑅

]  

It is notable to mention that if we define 𝑇𝑑 as the matrix containing only off-diagonal 

elements of 𝑇,  𝑇𝑑(𝐴𝑋 + 𝐹) indicates the interregional transaction, i.e., intranational export 

and import. 

The outline so far is clear, but the practical hurdle lies in how to prepare the trade 

coefficients. In my study, because I can have the information about total intranational export 

and import by industry in each prefecture, the mathematical equations related to  𝑇𝑑(𝐴𝑋 + 𝐹), 



33 

𝐷𝐸 and 𝐷𝑀 are used to estimate them in line with Miyagi et al. (2003) and Hagiwara (2008). 

Before the operation, it is necessary to prepare standardized prefectural IO tables. 

 

5.3. Prefectural IO Tables 

For the SDA analysis, I need to have two inter-prefectural IO tables as of different time 

periods. In Japan, every prefecture makes its IO table at least around every five years 

simultaneously under the direction of the national government. The latest ones are as of the 

years of 2005 and 2011. To see the economic impact of depopulation and population aging, 

these periods are not perfectly ideal when considering the fact that the peak of the national 

population is in 2008 and that the national population as of 2005 is slightly below the 

population as of 2011. On the other hand, they are still fairly useful to analyze if we think 

about the perspective of regional depopulation occurring since the older year and the 

consecutive proceeding of population aging. Therefore, I ended up using these data in my 

study. 

Basically, the more detailed the IO sectors are, the more precise the analysis becomes. 

Except for a few prefectures offering minute categorizations, the most detailed sectorial 

categorifications by prefectures are 97 to 110 industries. I downloaded those IO tables via 

official websites. Toward merging into one table, I standardized these tables through the 

following steps. 

 

5.3.1. Private Transportation 

Most of the prefectures deal with “Private Transportation,” which is the embedded self-

transportation within industries, as one independent sector, while some prefectures don't do 
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so. Because it is difficult to split private transportation from every industry, rather I made it 

absorbed in the other industries to drop the category off the table. Based on the nature of 

private transportation, there is no value added or final demand for private transportation (In 

other words, the private transportation transaction is completed within interindustrial 

transactions). In the same way as Hagiwara (2008), I distributed all transactions from private 

transportation to the other industries, to the industries which have their input values into 

private transportation according to the share of their input in the total input to private 

transportation. 

 

5.3.2. Sector Standardization 

The categorizations in each prefecture differ not only in terms of the numbers but also 

in terms of the thresholds. For example, the Hokkaido prefecture has the categories of 

"Beverage" and "Feed, Fertilizer and Tobacco" while the Iwate prefecture has those of 

"Beverage and Tobacco" and "Feed and Fertilizer." The differences in categorification are 

reasonable because each prefecture has its unique balance and importance of industries. For 

the adjustment of categorification through prefectures, I only did aggregation rather than 

separation so as to minimize the estimation errors. In the example of Hokkaido and Iwate, I 

never tried to split “Tobacco” from either category but aggregated both categories into “Food 

and Beverage,” which also included other overlapping sectors.  

 

5.3.3. Headquarter Category in Tokyo 

In the IO table of the Tokyo prefecture, there is a unique category of “Headquarter.” In 

its 2005 version, the headquarter category has 66 subcategories by industry. I merged them 
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into the corresponding normal categories. On the other hand, its 2011 version has only one 

category of "Headquarter" with no subcategories. The prefecture explained that the change is 

due to the fact that subcategories didn't show fairly unique characteristics among them. In 

order to make it mergeable to normal categories, I firstly disaggregated its input and output to 

subcategories according to the proportion in the 2005 version, and then merged them to the 

corresponding normal categories. 

 

5.3.4. Additional Deliberate Aggregation 

The standardizing operations above were necessary work, with the least level of errors 

deriving from artificial judgment and intervention. I kept the categories as many as possible 

and by doing so resulted in 49 industrial categories. However, in the preparation for the next 

estimation step of the inter-prefectural transactions, there was a need for coordinating the 

categories to those of the “Interregional IO table in Japan in 2005” (9 regions, 53 sectors) 

offered by the Ministry of Economy, Trade and Industry (METI). Similar to the sectorial 

standardization approach across prefectures, I basically aggregated them to fit the categories 

in the interregional IO table. 

On the other hand, some categories, which were strongly related to private consumption, 

seemed to become too aggregated to use for analysis with the household consumption change. 

For example, the MPIO table so far contained the categories of “Entertainment Service,” 

“Restaurant Service,” “Accommodation Service” and “Other Personal Service” while the 

interregional IO table only has the category of “Personal Service.” In this case, I intentionally 

retained those varied personal services. In consequence, the final number of industrial 

categories was 37 as listed in Table 1.  
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Table 1: Industrial Sectors 

 

 

5.3.5. Prefectures 

The list and map of prefectures are in Table 2 and Figure 5. The map also indicates the 

major metropolitan areas, or, central and peripheral municipalities designated for 2015 

national Census by SBJ. 

Industry

Index
Industry

Industry

Index
Industry

1 Agriculture, livestock and agricultural services 21 Construction

2 Forestry 22 Electric power, gas, heat, water supply, waste treatment

3 Fishery 23 Commerce

4 Mining, coal, crude oil, natural gas 24 Finance and insurance

5 Food and drink 25 Real estate

6 Textile products 26 Transportation

7 Clothes and other textile ready-made products 27 Telecommunications

8 Lumber, wood products, furniture, equipment 28 Public affairs

9 Pulp, paper, paperboard, processed paper 29 Education

10 Printing, plate making, bookbinding 30 Reserch

11 Chemical products 31 Medical, healthcare, social security and nursing

12 Oil and coal products 32 Other business services

13 Plastic products 33 Entertainment services

14 Cement, ceramics, earth and stone products manufacturing 34 Food services

15 Steel 35 Lodging

16 Non-ferrous metal 36 Other personal services

17 Metal products 37 Other

18 Machinery and manufacturing industrial products

19 Car

20 Other transport equipment
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Table 2: Prefectures 

 

 

Figure 5: Prefecture Map with Metropolitan Regions (filled in red) 

Pref.

Index
Prefecture

Pref.

Index
Prefecture

Pref.

Index
Prefecture

Pref.

Index
Prefecture

Pref.

Index
Prefecture

1 Hokkaido 11 Saitama 21 Gifu 31 Tottori 41 Saga

2 Aomori 12 Chiba 22 Shizuoka 32 Shimane 42 Nagasaki

3 Iwate 13 Tokyo 23 Aichi 33 Okayama 43 Kumamoto

4 Miyagi 14 Kanagawa 24 Mie 34 Hiroshima 44 Oita

5 Akita 15 Niigata 25 Shiga 35 Yamaguchi 45 Miyazaki

6 Yamagata 16 Toyama 26 Kyoto 36 Tokushima 46 Kagoshima

7 Fukushima 17 Ishikawa 27 Osaka 37 Kagawa 47 Okinawa

8 Ibaraki 18 Fukui 28 Hyogo 38 Ehime

9 Tochigi 19 Yamanashi 29 Nara 39 Kochi

10 Gunma 20 Nagano 30 Wakayama 40 Fukuoka
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5.4. Inter-prefectural Transactions 

Estimation of the trade coefficient needed several steps: 1) Estimate the total 

intranational export and import by prefecture; 2) Estimate the initial values of trade 

coefficients; and 3) calibrate trade coefficients. 

 

5.4.1. Total Intranational Export and Import 

22 prefectures in 2005 and 17 in 2011 only have the vectors of “Export” and “Import” 

without intranational or international separation. In order to estimate the independent columns 

of “Intranational Export” and “Intranational Import,” I referred to the data of “Interregional 

IO table in Japan in 2005,” which have the information of the “International Export” and 

“International Import” of 9 regions (each region consists of several prefectures). For each 

region 𝑅, I calculated the rate of international export and import by the formula below. They 

are based on the facts that international export came only from production of the region and 

that international import goes only to use or consumption of the region. 

𝑖𝑛𝑡𝑒𝑟𝑛𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝑒𝑥𝑝𝑜𝑟𝑡 𝑟𝑎𝑡𝑒 =
𝑒𝑖
𝑅

𝑥𝑖
𝑅 

𝑖𝑛𝑡𝑒𝑟𝑛𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝑖𝑚𝑝𝑜𝑟𝑡 𝑟𝑎𝑡𝑒 =
𝑚𝑖
𝑅

∑ (𝑎𝑖𝑗
𝑅 𝑥𝑗

𝑅)𝑗 + 𝑓𝑖
𝑅

 

 

I assumed that a prefecture with rough categories of "Export" and "Import" had its rates 

of international export and international import identical with those of the belonging region. 

By applying the rates, I got the estimated values for "International Export" and "International 

Import" for the prefecture. Incidentally, the industrial categories of both IO tables were not 

perfectly identical. If one category in the MPIO table was corresponding to multiple categories 
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in the interregional IO table, I applied the aggregated rates. On the contrary, if multiple 

categories in the MPIO table were corresponding to one category in the interregional IO table, 

I applied the identical rates to those multiple categories. In addition, because the national 

government doesn’t offer the interregional IO data as of 2011, I applied the same 2005 rates 

to the 2011 table. 

Subtraction of these values from the “Export” and “Import” values yielded the first 

estimation of “Intranational Export” and “Intranational Import.” By the way, the sum of 

“Intranational Export” and the sum of “Intranational Import” for each industry 𝑖 throughout 

prefectures must be the same by nature. However, under the first estimation, they did not fit 

together. One of the reasons for this mismatch is, of course, the errors of estimation above. 

But, in addition, there is another reason that the already-known “Intranational Export” and 

“Intranational Import” values of the other prefectures originally contain errors to some degree. 

In their processes of constructing prefectural IO tables, they tend to apply calculated residuals 

to "Intranational Export" and "Intranational Import" due to the difficulty of estimating those 

values compared to other values. Therefore, both the estimated values and the already-known 

values for “Intranational Export” and “Intranational Import” should be subject to calibration.  

Let’s denote the first estimation (including known values) of “Intranational Export” of 

industry 𝑖  in prefecture 𝑟  as 𝑑�̃�𝑖
𝑟  and the first estimation (including known values) of 

“Intranational Import” as 𝑑�̃�𝑖
𝑟. Adjustment values (or the error terms) are denoted by 휀𝑖

𝑟 for 

export and 𝛿𝑖
𝑟 for import. Based on the method in Hagiwara (2008), I calibrated the values by 

solving the quadratic programming problem as below.18 

min
𝑖,𝛿𝑖
   ∑ ∑ [(휀𝑖

𝑟)2 + (𝛿𝑖
𝑟)2]𝑖𝑟    

 
18 For solving the quadratic programming problem, I used MATLAB. 
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𝑠. 𝑡.   {

0   ≤    𝑑�̃�𝑖
𝑟 + 휀𝑖

𝑟    ≤    𝑥𝑖
𝑟 − 𝑒𝑖

𝑟      ∀𝑖 ∀𝑟

0   ≤    𝑑�̃�𝑖
𝑟 + 𝛿𝑖

𝑟    ≤    ∑ (𝑎𝑖𝑗
𝑟 𝑥𝑗

𝑟)𝑗 + 𝑓𝑖
𝑟 −𝑚𝑖

𝑟      ∀𝑖 ∀𝑟

∑ (𝑑�̃�𝑖
𝑟 + 휀𝑖

𝑟)𝑟 − ∑ (𝑑�̃�𝑖
𝑟 + 𝛿𝑖

𝑟)𝑟 = 0      ∀𝑖

   

After this calibration, the set values of “Intranational Export” are 𝑑𝑒𝑖
𝑟 = 𝑑�̃�𝑖

𝑟 + 휀𝑖
𝑟 and 

the set values of “Intranational Import” are 𝑑𝑚𝑖
𝑟 = 𝑑�̃�𝑖

𝑟 + 𝛿𝑖
𝑟. 

 

5.4.2. Initial Values of Trade Coefficients 

The trade coefficient matrix can be decomposed to the matrix with the diagonal 

elements (𝑇𝑙) and the one with the off-diagonal elements (𝑇𝑑). 

𝑇 = [
𝑇11 ⋯ 𝑇1𝑅

⋮ ⋱ ⋮
𝑇𝑅1 ⋯ 𝑇𝑅𝑅

] = [
𝑇11 ⋯ 0
⋮ ⋱ ⋮
0 ⋯ 𝑇𝑅𝑅

] + [
0 ⋯ 𝑇1𝑅

⋮ ⋱ ⋮
𝑇𝑅1 ⋯ 0

] = 𝑇𝑙 + 𝑇𝑑  

𝑇𝑙 indicates the self-sufficiency rate (but still including the international import) of industry 𝑖 

in prefecture 𝑟. In my study, this was already fixed so far through the formula of, 

𝜏𝑖
𝑟𝑟 = 1 −

𝑑𝑚𝑖
𝑟

∑ (𝑎𝑖𝑗
𝑟 𝑥𝑗

𝑟)𝑗 + 𝑓𝑖
𝑟
  

On the other hand, 𝑇𝑑 is the inputs from other prefectures which were needed to be estimated 

from scratch. There are some varieties of the ways for preparing the initial values of trade 

coefficients before calibration. Using a gravity model is one of the popular ways, but it has 

the fundamental weakness of lack of a realistic basis. Instead, according to Miyagi et al. (2003) 

and Hagiwara (2008), I referred to the actual data of transactions as listed in Table 3. Based 

on the input shares obtained through those data, I set the initial values, �̃�𝑖
𝑟𝑠  (such that 

∑ �̃�𝑖
𝑟𝑠

𝑟,𝑟≠𝑠 = 1 − 𝜏𝑖
𝑠𝑠 ).19  

 
19 Based on the related data, some �̃�𝑖

𝑟𝑠 could be zero. However, in order to hold enough flexibility in the 

next RAS calibration, I set small values of �̃�𝑖
𝑟𝑠 = 0.001 for any of those �̃�𝑖

𝑟𝑠. 
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Table 3: Data Sources for the Initial Trade Coefficients 

 

 

5.4.3. RAS Calibration for Trade Coefficients 

Under the Chenery-Moses model, I needed to calibrate not only the interindustrial 

transactions but also final demands across prefectures. The sum of outputs of industry 𝑖 in 

prefecture 𝑟 to any industries in any other prefectures and to the final demands in any other 

prefectures must be equal to 𝑑𝑒𝑖
𝑟. The sum of inputs of industry 𝑖 in prefecture 𝑟 from any 

industries in any other prefectures must be equal to 𝑑𝑚𝑖
𝑟. Calibrating those values is the same 

meaning to calibrating  𝑇𝑑. Therefore, I calibrated  𝑇𝑑 by iterating the equations below using 

balancing factors of 𝛼𝑖
𝑟 and 𝛽𝑖

𝑠 (a similar way can be seen in Miyagi et al. (2003)).20 

{
 
 

 
 𝛼𝑖

𝑟∑ 𝛽𝑖
𝑟�̃�𝑖
𝑟𝑠 [∑ (𝑎𝑖𝑗

𝑠 𝑥𝑗
𝑠)

𝑗
+ 𝑓𝑖

𝑠]
𝑠,𝑠≠𝑟

= 𝑑𝑒𝑖
𝑟      ∀𝑖 ∀𝑟      →       𝑛𝑒𝑥𝑡 �̃�𝑖

𝑟 = 𝛼𝑖
𝑟

𝛽𝑖
𝑠∑ �̃�𝑖

𝑟�̃�𝑖
𝑟𝑠 [∑ (𝑎𝑖𝑗

𝑠 𝑥𝑗
𝑠)

𝑗
+ 𝑓𝑖

𝑠]
𝑟,𝑟≠𝑠

= 𝑑𝑚𝑖
𝑠      ∀𝑖 ∀𝑟      →       𝑛𝑒𝑥𝑡 𝛽𝑖

𝑠 = 𝛽𝑖
𝑠

  

 
20 For the iterated calculation, I used Python. 

Industry

Index
Data Source

Data

Year

1 to 20 National Logistic Census (Origin and Destination (OD) by related item) 2010

21 [no import/export] N/A

22 National Survey of Electric Power Statistics (the power generation share within each jurisdaction) 2016

23 National Logistic Census (OD of total goods) 2010

24 National Survey: Prefectural Economic Calculation (total output of finance and insurance) 2011

25 National Census (OD of total commutation) 2010

26 National Logistic Census (OD of total goods) 2010

27 National Survey of Voice Communication Usage in terms of Traffic in Japan (OD of traffic) 2011

28 [no import/export] N/A

29 National Census (OD of total school commutation) 2010

30 National Census (OD of total commutation) 2010

31 National Census (OD of total commutation) 2010

32 National Survey of Voice Communication Usage in terms of Traffic in Japan (OD of traffic) 2011

33 National Interregional Travel Survey (OD of passengers) 2010

34 National Interregional Travel Survey (OD of passengers) 2010

35 National Survey on Overnight Travel (OD of guests) 2011

36 National Interregional Travel Survey (OD of passengers) 2010

37 [homogenous share] N/A
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The indicator of the degree of convergence I used was, 

휀 = max
𝑠,𝑖
|1 − 𝛽𝑖

𝑠|  

Rigorously, it needs to set a certain threshold of error tolerance to judge if the values were 

converged well or not. However, 휀 went lower than 0.001 around 50 iterations and, just in 

case, I iterated 100 times for both 2005 and 2011 versions. I can say that  𝑇𝑑 was enough 

converged. 

 

5.5. Nominal to Real Values 

I had made the MPIO tables as of 2005 and 2011, but the values are nominal. In order 

to make them comparable to each other, I converted the 2011 nominal MPIO table to the real 

MPIO table with the base year of 2005. METI offers the yearly deflators based on the national 

IO data as of 2005. It has detailed 518 industrial categories with separated deflators of 

domestic production, international export, and international import. I applied the deflators for 

the year of 2011. Every row in the MPIO table was divided by the corresponding deflator. If 

one category in the MPIO table was corresponding to multiple categories in the deflator data, 

I applied the average rates weighted by the transaction values. On the contrary, if multiple 

categories in the MPIO table were corresponding to one category in the deflator data, I applied 

the identical rates to multiple categories. The adjustment calculations are shown below. 

𝑑𝑜𝑚𝑒𝑠𝑡𝑖𝑐 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛:   �̅�𝑖
𝑟 =

𝑥𝑖
𝑟

𝑑𝑒𝑓
𝑖
[𝑥]       ∀𝑖 ∀𝑟  

𝑖𝑛𝑡𝑒𝑟𝑛𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝑒𝑥𝑝𝑜𝑟𝑡:   �̅�𝑖
𝑟 =

𝑖𝑒𝑖
𝑟

𝑑𝑒𝑓
𝑖
[𝑒]       ∀𝑖 ∀𝑟  

𝑖𝑛𝑡𝑒𝑟𝑛𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝑖𝑚𝑝𝑜𝑟𝑡:   �̅�𝑖
𝑟 =

𝑖𝑚𝑖
𝑟

𝑑𝑒𝑓
𝑖
[𝑚]       ∀𝑖 ∀𝑟  
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𝑖𝑛𝑡𝑒𝑟𝑖𝑛𝑑𝑢𝑠𝑡𝑟𝑖𝑎𝑙 𝑡𝑟𝑎𝑛𝑠𝑎𝑐𝑡𝑖𝑜𝑛 𝑎𝑛𝑑 𝑓𝑖𝑛𝑎𝑙 𝑑𝑒𝑚𝑎𝑛𝑑:  

𝜏𝑖
𝑟𝑠𝑎𝑖𝑗

𝑠 𝑥𝑗
𝑠̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅ =

𝜏𝑖
𝑟𝑠𝑎𝑖𝑗

𝑠 𝑥𝑗
𝑠

𝑑𝑒𝑓
𝑖
[𝑧𝑓]       ∀𝑗 ∀𝑠 ∀𝑖 ∀𝑟  

𝜏𝑖
𝑟𝑠𝑓𝑖

𝑠̅̅ ̅̅ ̅̅ ̅ =
𝜏𝑖
𝑟𝑠𝑓𝑖

𝑠

𝑑𝑒𝑓𝑖
[𝑧𝑓]

      ∀𝑠 ∀𝑖 ∀𝑟 

𝑤ℎ𝑒𝑟𝑒,   𝑑𝑒𝑓𝑖
[𝑧𝑓]

=
∑ (𝑥𝑖

𝑟−𝑒𝑖
𝑟+𝑚𝑖

𝑟)𝑟

∑ (�̅�𝑖
𝑟−�̅�𝑖

𝑟+�̅�𝑖
𝑟)𝑟

  

By the calculation above, each row sum and column sum were not balanced. As a usual 

practice in IO table deflation, I adjusted each row sum and each column sum by adding new 

adjustment column and row called “Inflation Adjustment Term.” 

Finally, the deflated 𝜏�̅�
𝑟𝑠 was automatically equal to 𝜏𝑖

𝑟𝑠.21 Just for minute adjustment, I 

recalibrated by the same RAS method. 

 

5.6. Some Descriptive Features of MPIO 

The consequent MPIO table has 1,739 rows and 1,739 columns (47 𝑝𝑟𝑒𝑓𝑒𝑐𝑡𝑢𝑟𝑒𝑠 ×

37 𝑖𝑛𝑑𝑢𝑠𝑡𝑟𝑖𝑒𝑠 = 1739) for the interindustrial matrix, which is too large to display. Instead, 

I show some indexes explaining the characteristics. 

 

5.6.1. Backward Linkages Index (proactive effect) 

The backward linkage, which is well known as the Hirschman-Rasmussen method 

 
21 The reason for stable 𝜏𝑖

𝑟𝑠 is below (lowercase 𝑧𝑖𝑗
𝑠 = 𝑎𝑖𝑗

𝑠 𝑥𝑗
𝑠 in the original prefectural IO tables, and 𝑍𝑖𝑗

𝑟𝑠 

and 𝐹𝑖
𝑟𝑠 denotes the values of interindustrial transaction and final demands in the MPIO table). 

𝜏𝑖
𝑟𝑠 [∑ 𝑧𝑖𝑗

𝑠

𝑗
+ 𝑓𝑖

𝑠] =∑ 𝑍𝑖𝑗
𝑟𝑠 + 𝐹𝑖

𝑟𝑠

𝑗
   ⇔   𝜏𝑖

𝑟𝑠 =
∑ 𝑍𝑖𝑗

𝑟𝑠
𝑗 + 𝐹𝑖

𝑟𝑠

∑ 𝑧𝑖𝑗
𝑠

𝑗 + 𝑓𝑖
𝑠  

𝜏𝑖
𝑟𝑠̅̅ ̅̅ =

𝑑𝑒𝑓𝑖
[𝑧𝑓]
(∑ 𝑍𝑖𝑗

𝑟𝑠
𝑗 + 𝐹𝑖

𝑟𝑠)

𝑑𝑒𝑓𝑖
[𝑧𝑓]
(∑ 𝑧𝑖𝑗

𝑠
𝑗 + 𝑓𝑖

𝑠)
=
𝑑𝑒𝑓𝑖

[𝑧𝑓]

𝑑𝑒𝑓𝑖
[𝑧𝑓]

𝜏𝑖
𝑟𝑠 = 𝜏𝑖

𝑟𝑠 
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(Cuello et al., 1992), is the notion of the spillover effect derived from the final demand in one 

focused sector toward its and further input sectors. In other words, the linkage means the 

power of yielding direct and induced effect by the focused sector. The degrees of the effect 

can be specified by the calculation below. The value more than 1 indicates stronger linkage 

and the one less than 1 indicates weaker linkage than average. 

𝐵𝑎𝑐𝑘𝑤𝑎𝑟𝑑 𝐿𝑖𝑛𝑘𝑎𝑔𝑒 𝐼𝑛𝑑𝑒𝑥 (𝐵𝐿𝐼):  

𝐵𝐿𝐼 =
[𝑐𝑜𝑙𝑢𝑚𝑛 𝑠𝑢𝑚 𝑓𝑜𝑟 𝑡ℎ𝑒 𝑠𝑒𝑐𝑡𝑜𝑟 𝑖𝑛 𝑡ℎ𝑒 𝐿𝑒𝑜𝑛𝑡𝑖𝑒𝑓 𝑖𝑛𝑣𝑒𝑟𝑠𝑒]

[𝑚𝑒𝑎𝑛 𝑜𝑓 𝑐𝑜𝑙𝑢𝑚𝑛 𝑠𝑢𝑚𝑠 𝑓𝑜𝑟 𝑎𝑙𝑙 𝑠𝑒𝑐𝑡𝑜𝑟𝑠 𝑖𝑛 𝑡ℎ𝑒 𝐿𝑒𝑜𝑛𝑡𝑖𝑒𝑓 𝑖𝑛𝑣𝑒𝑟𝑠𝑒]
 

 

 

5.6.2. Sensitivity of Dispersion Index (reactive effect) 

The Sensitivity of Dispersion Index (SDI) explains how much the focused sector is 

influenced by the homogenous levels of final demands throughout all sectors. In other words, 

it indicates how much the focused sector is induced by other sectors. Because the row sum for 

one sector in the Leontief inverse means how much the sector is induced by homogenous unit 

demands for all sectors, SDI can be calculated by the formula below. Similar to the forward 

linkage, the value more than 1 indicates more induced and the one less than 1 indicates less 

induced than average. 

𝑆𝑒𝑛𝑠𝑖𝑡𝑖𝑣𝑖𝑡𝑦 𝑜𝑓 𝐷𝑖𝑠𝑝𝑒𝑟𝑠𝑖𝑜𝑛 𝐼𝑛𝑑𝑒𝑥 (𝑆𝐷𝐼):  

𝑆𝐷𝐼 =
[𝑟𝑜𝑤 𝑠𝑢𝑚 𝑓𝑜𝑟 𝑡ℎ𝑒 𝑠𝑒𝑐𝑡𝑜𝑟 𝑖𝑛 𝑡ℎ𝑒 𝐿𝑒𝑜𝑛𝑡𝑖𝑒𝑓 𝑖𝑛𝑣𝑒𝑟𝑠𝑒]

[𝑚𝑒𝑎𝑛 𝑜𝑓 𝑟𝑜𝑤 𝑠𝑢𝑚𝑠 𝑓𝑜𝑟 𝑎𝑙𝑙 𝑠𝑒𝑐𝑡𝑜𝑟𝑠 𝑖𝑛 𝑡ℎ𝑒 𝐿𝑒𝑜𝑛𝑡𝑖𝑒𝑓 𝑖𝑛𝑣𝑒𝑟𝑠𝑒]
 

 

 

5.6.3. Combination of BLI and SDI 

BLI is a barometer of a proactive effect of one sector to all sectors, while SDI is a 

barometer of a reactive effect of one sector by all sectors. If I set the scatter plot with both 
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indicators as Figure 6, the implementation is as follows: 

1) the sector located in the first quadrant (1 < 𝐵𝐿𝐼 𝑎𝑛𝑑 1 < 𝑆𝐷𝐼) has both its stronger 

inducing power to others and with its higher sensitivity by others. 

2) the sector located in the second quadrant (𝐵𝐿𝐼 < 1 𝑎𝑛𝑑 1 < 𝑆𝐷𝐼) has its weaker 

inducing power to others but also with its higher sensitivity by others. 

3) the sector located in the third quadrant (𝐵𝐿𝐼 < 1 𝑎𝑛𝑑 𝑆𝐷𝐼 < 1) has both with its 

weaker inducing power to others and with its lower sensitivity by others. 

4) the sector located in the fourth quadrant (1 < 𝐵𝐿𝐼 𝑎𝑛𝑑 𝑆𝐷𝐼 < 1) has its stronger 

inducing power to others but also with its lower sensitivity by others. 

 

Figure 6: By-Industry BLIs and SDIs 

Figure 6 is the by-industry graph where prefectures are aggregated after calculating the 

by-prefecture by-industry Leontief inverse matrix. Although most of the industries are along 

with the somewhat positive linear relationship between BLI and SDI, some outliers are there: 

1) The “Car (19)” industry shows its strong BLI. This would be because the industry 

requires a numerous variety of inputs for assembly and has a big power to the other 
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industries. 

2) Some private service sectors including the “Food services (34),” “Lodging (35)” 

industries have the stickily lowest SDIs, maybe because of the strong consumer-

oriented characteristics. They are in relatively ending nodes of industrial 

relationship. 

3) On the contrary, the “Other business services (32),” “Commerce (23),” “Finance 

and insurance (24),” “Transportation (26)” and “Telecommunications (27)” 

industries are the outliers with relatively stronger SDIs. It is because of their 

industry-oriented characteristics rather than consumer-oriented. 

 

 

Figure 7: By-Prefecture BLIs and SDIs 

Figure 7 is the by-prefecture graph where industries are aggregated after calculating the 

by-prefecture by-industry Leontief inverse matrix. Many prefectures are neatly lined up along 

with a positive and compact linear line compared to the by-industry graph, because most of 

the uniqueness of industries is balanced in the prefectural industry mix. We can find some 
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prefectures with by far higher SDIs (e.g., Aichi (23), Tokyo (13), Osaka (27), Kanagawa (14) 

and Hyogo (28)). All of those prefectures are the metropolitan prefectures, exporting many 

goods and services to other prefectures. It is interesting to find that among those prefectures 

with high SDIs, their BLIs are surprisingly dispersed. The Aichi prefectures (23), forming the 

strongest industrial area in Japan, is a significant outlier in the first quadrant. The Tokyo 

prefecture (13) is an extreme outlier in the second quadrant, probably due to the low share of 

manufacturing in its industries. The other metropolitan prefectures are around the mean of 

BLIs. 
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Chapter 6. Data Preparation: By-age Household Consumption 

6.1. Household Consumption as Demographic Shift Indicators 

Although I wanted to focus on the economic impact of the demographic shifts, I 

employed not population itself but household consumption data as a barometer. The reason 

why I used household consumption data rather than natural persons consumption data was 

simply data availability. In most cases, including this study, personal consumption is bundled 

within household consumption in terms of practical life and statistical data. Due to the 

unavailability of personal consumption data, Kim & Hewings (2019) employed household 

consumption data for their analysis on the relationship between the economic situation in 

Chicago and population aging. Similarly, I used age-specific household consumption as an 

indirect barometer both for population aging and for depopulation. 

However, can age-specific household consumption stand for those demographic trends? 

I argue this adoption below. 

 

6.1.1. Assumption 1: Consumption Per Person 

Based on the NSFIE and national Census data, household consumption is higher in the 

younger household (64 years old or younger) than the older household (65 years old or older), 

but, at the same time, the average number of family members by age also has a similar trend 

between the years of 2004 and 2014 (Figure 8). 22  This relationship yields the constant 

consumption per person for both household cohorts. If I calculate the ratio between the per 

person consumptions of two household cohorts, it is close to 1 (Table 4). Also, while the graph 

lines of household consumptions and the average number of family members varies to some 

 
22 Because my study is based on the household consumption data in the MPIO table, I omit some transfer 

categories (e.g., Remittance and Donation) from the total consumption here. 
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degree throughout survey years (from 2004 to 2014), the consumption per person is showing 

little volatility.  

 

Figure 8: Average Monthly Consumption Per Person 

 

Table 4: Per Person Consumption Ratio 

 

 

This phenomenon seems coincidental and may lack any theoretical basis. On the other 

hand, this is a fact and can lead to useful interpretation: at least in these focused years, the 

decrease in total consumption of a certain household cohort reflects the decrease of the total 

population in the same household cohort. In other words, the decrease in the total household 
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consumption means the decrease in the total population.23 

In the formula style, this assumption can be denoted as: 

[𝑎𝑣𝑔. 𝑜𝑙𝑑 𝐻𝐻 𝑐𝑜𝑛𝑠. ]

[𝑎𝑣𝑔. 𝑜𝑙𝑑 𝐻𝐻 𝑚𝑒𝑚𝑏𝑒𝑟𝑠]
=

[𝑎𝑣𝑔. 𝑦𝑜𝑢𝑛𝑔 𝐻𝐻 𝑐𝑜𝑛𝑠. ]

[𝑎𝑣𝑔. 𝑦𝑜𝑢𝑛𝑔 𝐻𝐻 𝑚𝑒𝑚𝑏𝑒𝑟𝑠]
= 𝑘 (𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡)  

⇔   
[𝑡𝑜𝑡𝑎𝑙 𝑜𝑙𝑑 𝐻𝐻 𝑐𝑜𝑛𝑠. ]

[𝑡𝑜𝑡𝑎𝑙 𝑜𝑙𝑑 𝐻𝐻 𝑚𝑒𝑚𝑏𝑒𝑟𝑠]
=

[𝑡𝑜𝑡𝑎𝑙 𝑦𝑜𝑢𝑛𝑔 𝐻𝐻 𝑐𝑜𝑛𝑠. ]

[𝑡𝑜𝑡𝑎𝑙 𝑦𝑜𝑢𝑛𝑔 𝐻𝐻 𝑚𝑒𝑚𝑏𝑒𝑟𝑠]
= 𝑘  

⇔   [𝑡𝑜𝑡𝑎𝑙 𝐻𝐻 𝑐𝑜𝑛𝑠. ] 

             = [𝑡𝑜𝑡𝑎𝑙 𝑜𝑙𝑑 𝐻𝐻 𝑐𝑜𝑛𝑠. ] + [𝑡𝑜𝑡𝑎𝑙 𝑦𝑜𝑢𝑛𝑔 𝐻𝐻 𝑐𝑜𝑛𝑠. ] 

             = 𝑘 ∙ ([𝑡𝑜𝑡𝑎𝑙 𝑜𝑙𝑑 𝐻𝐻 𝑚𝑒𝑚𝑏𝑒𝑟𝑠] + [𝑡𝑜𝑡𝑎𝑙 𝑦𝑜𝑢𝑛𝑔 𝐻𝐻 𝑚𝑒𝑚𝑏𝑒𝑟𝑠]) 

             = 𝑘 ∙ [𝑡𝑜𝑡𝑎𝑙 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛] 

(2) 

 

 

6.1.2. Assumption 2: Householder Aging Rate 

According to the national Census data, the population aging rate (the number of the 

population aged 65 or more divided by total population) and the householder aging rate (the 

number of households with householders aged 65 or more divided by a total number of 

households) have a strong linear relationship (Figure 9). It seems the population aging rate 

almost completely explains the householder's aging rate (R square is 0.998). It is reasonable 

to say that a 1% increase in the population aging rate is related to a 1.317% increase in the 

 
23 Because this assumption is a unique point in this paper, some people may still argue about its usability. 

One possible question would come from the study practice on poverty. Many of their studies compare 

poverty rates by referring the household income or wealth divided by so-called "equivalent household 

member", which is usually a square root of the number of household members, different from my way. This 

practice stemmed from the notion that there are economies of scale and a shared common part of basic 

consumption through household members, such as utilities and durable goods. On the other hand, my study 

doesn't focus on poverty. The important thing for my study is a certain relationship between population and 

household consumption, and the consumption per person seems to work as a constant coefficient between 

them from the pure viewpoint of the existing data. 
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householder aging rate. 

 

Figure 9: Householder Aging Rate and Population Aging Rate 

In the formula style, this assumption can be denoted as: 

[𝐻𝐻 𝑎𝑔𝑖𝑛𝑔 𝑟𝑎𝑡𝑒] = (1.317) ∙ [𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑎𝑔𝑖𝑛𝑔 𝑟𝑎𝑡𝑒]  

⇔   
[#𝑜𝑓 𝑜𝑙𝑑 𝐻𝐻]

[#𝑜𝑓 𝑡𝑜𝑡𝑎𝑙 𝐻𝐻]
= (1.317) ∙

[𝑜𝑙𝑑 𝑝𝑜𝑝. ]

[𝑡𝑜𝑡𝑎𝑙 𝑝𝑜𝑝. ]
 (3) 

  

6.2. Direction for By-age Household Consumption 

For my analysis, I use the data of by-age (householders’ age) household consumption. 

On the other hand, the IO table of each prefecture only has the related column of “Private 

Consumption” so I needed to disaggregate it to the by-age household consumptions (Figure 

10). 
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Figure 10: Private Consumption Disaggregation 

Let’s say that the private consumption for industry 𝑖 in prefecture 𝑟 is denoted by 𝑝𝑖 (I 

omitted the subscript 𝑟 just for the simplification of explanation). The value of 𝑝𝑖 is from the 

IO table of the prefecture. 𝑝𝑖 includes not only the consumption of local goods or services but 

also imported ones, which means, when using it in the context of the MPIO table, I need to 

convert it through the trade coefficient. 𝑝𝑖 consists of two consumer categories of “Household” 

and “Private non-profit organizations.” The latter consists of private schools, NPOs, labor 

associations, religious groups and so on. Some parts of their purchases are counted in 

interindustrial transactions, but the residuals are put in this final consumption category. I 

denote it as 𝑝𝑖
𝑜. 

For the by-age household consumption categories, I set two categories, “Aged 64 or less” 

and “Aged 65 or more,” due to two reasons: 1) the threshold of the age of 65 years old is the 

typical retirement age and is corresponding to the aging rate threshold; 2) this threshold 

yielded the almost equal household consumption per capita which we saw in 6.1.1. Each total 

consumption is denoted by 𝑝𝑖
1 or 𝑝𝑖

2. Then, the relationship between them is below. 

𝑝𝑖 = 𝑝𝑖
𝑜 + ∑ 𝑝𝑖

𝑦
𝑦    ⇔    𝑝𝑖 − 𝑝𝑖

𝑜 = ∑ 𝑝𝑖
𝑦

𝑦    

Provided that I have information on the by-age by-industry household consumption per 
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household and the by-age numbers of households, I can estimate each 𝑝𝑖
𝑦

 by the formula 

below. 

𝑝𝑖
𝑦
= (𝑝𝑖 − 𝑝𝑖

𝑜) ∙
[𝑎𝑣𝑔.𝐻𝐻 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛]𝑖

𝑦
∙ [𝑛𝑢𝑚. 𝑜𝑓 𝐻𝐻]𝑦

∑ ([𝑎𝑣𝑔.𝐻𝐻 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛]𝑖
𝑦
∙ [𝑛𝑢𝑚. 𝑜𝑓 𝐻𝐻]𝑦)𝑦

  

 

6.3. Final Consumption by Private NPOs 

Prefectures do not offer the data of the by-industry total values of final consumption by 

private NPOs, or 𝑝𝑖
𝑜 . Instead, the national Cabinet Office offers the data of by-prefecture 

annual consumption by NPOs in the dataset called “Prefectural Economic Calculation.” Those 

values are not sector-wise, so I estimated 𝑝𝑖
𝑜 by multiplying 𝑝𝑖 by the ratio of prefectural NPO 

consumption over total private consumption. The ratios were around 2-3%. 

 

6.4. Average By-age By-industry Household Consumption 

As used in many previous studies, the data of by-item by-age household consumption 

is obtained in the dataset of National Survey of Family Income and Expenditure (NSFIE) by 

SBJ. It is a quinquennial sampling survey and contains the data of item-wise average monthly 

consumption per household with the household categories same as 𝑦 above (two categories). 

The survey periods are 2004, 2009 and 2014, and I chose to use the average of them for both 

estimations as of 2005 and 2011. After the adjustment of 2004 2009 and 2014 data, the number 

of items was 318, ranged from “Rice” to “Photo Processing” to “Rent for park,” for example. 

It was needed to convert the by-item by-age household consumption data to the by-

industry by-age consumption data in line with the MPIO table. However, there were two 

hurdles to do it: conversion from consumer prices including trade and transportation margin 

to producer prices excluding them, and coordination between items and industries. To deal 
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with this problem, Kim et al. (2015) built a “bridge matrix” between by-function consumer 

prices and by-product producer prices. Also in my operation, I made a bridge matrix between 

the categories of the MPIO table and of the NSFIE data, with taking into consideration the 

trade and transportation margins, as follows. 

Firstly, I made a list of comprehensive correspondence (or, a bridge matrix) between 

the industries in the MPIO table and the items in the consumption survey. Because the 

industrial categories in the MPIO table are activity-based, some consumption goods or 

services are corresponding to multiple sectors. For example, "Rice" was corresponding to both 

"Agriculture" and "Food and Beverage." The whole list is in Table 5. 
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Table 5: Item Correspondence 

 

Industry

Index
Items

1 Rice / Bread / Noodles / Other cereals / Beef / Pork / Chicken / Mixed ground meat / Other fresh meat / Ham and sausages / Other meat products / Fresh milk / Powdered milk / Yogurt /

Butter and cheese / Other dairy products / Eggs / Fresh vegetables / Beans / Other dried vegetables and seaweeds / Cut flowers / Veterinary services

2 Fresh vegetables / Other dried vegetables and seaweeds / Materials for maintenance

3 Fresh fish and shellfish / Salted and dried fish / Fish paste products / Other processed fish / Dried laver / seaweed and dried tangle / Other dried vegetables and seaweeds

4 [N/A]

5 Rice / Bread / Noodles / Other cereals / Fresh fish and shellfish / Salted and dried fish / Fish paste products / Other processed fish / Beef / Pork / Chicken / Mixed ground meat / Other

fresh meat / Ham and sausages / Other meat products / Fresh milk / Powdered milk / Yogurt / Butter and cheese / Other dairy products / Eggs / Fresh vegetables / Beans / Dried laver /

seaweed and dried tangle / Other dried vegetables and seaweeds / Bean curd / Fried bean curd / “Natto”,fermented soybeans / Other soybean products / devil's-tongue jelly / Pickled

vegetables / Vegetables and seaweeds prepared in soy sauce / Other vegetables and seaweeds products / Fresh fruits / Preserved fruits / Edible oil / Margarine / Salt / Soy sauce / Miso /

Sugar / Vinegar / Worcester sauce and tomato ketchup / Mayonnaise and dressing sauce / Jam / Instant curry mix / Other condiments / Cakes and candies / Packed lunch / “Sushi”,packed

/ “Onigiri”and others / Bread like sandwiches put cooked food between bread / Other cooked food with rice, bread or noodles / Frozen food / Food stuff for cooking / Others food /

Green tea / Black tea / Other tealeaves / Tea beverages / Coffee / Coffee beverages / Cocoa and cocoa beverages / Fruits and vegetable juice / Carbonated beverages / Fermented lactic

beverages / Lactic beverages / Mineral water / Others beverages / “Sake” / “Shochu” distilled spirits / Beer / Whisky / Wine / Other alcoholic beverages / Health fortification / Pet food /

Tobacco

6 Cloth and thread / Other clothes

7 Floorcoverings / Curtains / Other interior furnishings / Quilts / Blankets / Other bedding / Men's Japanese clothing / Women's Japanese clothing / Children's Japanese clothing / Men's suits /

Men's jackets / Men's slacks / Men's coats / Boys' school uniforms / Other men's clothing / Women's dresses / Women's jackets / Skirts / Women's slacks / Women's coats / Girls' school

uniforms / Other women's clothing / Children's clothing / Men's business shirts / Other men's shirts / Men's sweaters / Women's blouses / Other women's shirts / Women's sweaters /

Children's shirts / Children's sweaters / Men's underwear / Women's underwear / Children's underwear / Neckties / Men's socks / Women's socks / Children's socks / Other clothes /

Canvas shoes / Men's shoes / Women's shoes / Children's shoes / Other footwear / Tailoring and repair charges / Accessories / Family alter and gravestones

8 Chests of drawers / Dining suites / Sideboards / Other furniture / Lighting appliances / Interior decorations / Other interior furnishings / Beds / Other bedding / Desks and chairs for students

and office workers / Family alter and gravestones

9 Tableware / Other domestic utensils / Facial tissue and rolled toilet paper / Other domestic non-durable goods / Paper diapers

10 School textbooks and reference books for study / Newspapers / Magazines and weekly magazines / Books / Other reading materials

11 Tableware / Kitchen utensils / Other domestic utensils / Polyethylene bags and food wrap / Detergent, house and kitchen / Detergent, laundry / Other domestic non-durable goods /

Medicines / Health fortification / Medical nondurables / Other medical supplies and appliances / Garden plants and gardening goods / Other toilet articles / Bath and facial soap / Shampoo

and toothpaste / Hairdressing liquid / Cosmetics

12 Kerosene / Other utilities / Gasoline

13 Materials for maintenance / Tableware / Kitchen utensils / Other domestic utensils / Other domestic non-durable goods

14 Materials for maintenance / Tableware / Kitchen utensils / Other domestic utensils / Other domestic non-durable goods / Garden plants and gardening goods / Family alter and gravestones

15 [N/A]

16 [N/A]

17 Materials for maintenance / Gas cooking appliances / Stove and fan heaters / Other heating and cooling appliances / Tableware / Kitchen utensils / Other domestic utensils / Other domestic

non-durable goods

18 Tools for repairs and maintenance / Materials for maintenance / Microwave ovens / Electric cooking appliances / Gas cooking appliances / Refrigerators / Vacuum cleaners / Washing

machines and clothes dryers / Sewing machines / Other domestic durable goods / Air conditioners / Stove and fan heaters / Other heating and cooling appliances / Tableware / Kitchen

utensils / Other domestic utensils / Other domestic non-durable goods / Canvas shoes / Men's shoes / Women's shoes / Children's shoes / Other footwear / Medical nondurables /

Spectacles / Contact lenses / Other medical supplies and appliances / TV sets / Equipment for receiving, recording and play-back of sound and pictures (portable) / Videorecorders /

Personal computers / Cameras / Video cameras / Musical instruments / Other recreational durable goods / Stationery durables / Stationery nondurables / Sporting goods / Sporting outfits /

TV game machines / TV Game software etc. / Other toys / Unrecorded recording media / Prerecorded recording media / Other pets and related goods / Garden plants and gardening

goods / Batteries / Other recreational goods / Electric appliances for personal care / Other toilet articles / Umbrellas / Bags / Accessories / Wristwatches / Other personal effects

19 Automobiles / Automotive parts / Articles related to private transportation / Automotive maintenance and repairs / Other services related to private transportation

20 Other vehicles / Bicycles

21 [N/A]

22 Electricity / Gas, manufactured and piped / Liquefied propane / Other utilities / Water and sewerage charges / Dealing charges of large-sized discarded

23 [N/A]

24 Fire and earthquake insurance premium / Automotive insurance premium / Vehicular insurance premium (except automobiles) / Non savings type premium

25 Rents for dwelling / Rents for land / Materials for maintenance / Service charges for installation / Yearly and monthly rent, for park / Other rent, for park / Obligation fees related to housing

26 Railway fares / Students' season tickets, railway / Commuters' season tickets, railway / Bus fares / Students' season tickets, bus / Commuters' season tickets, bus / Taxifares / Airplane

fares / Highway fares / Other public transportation / Door to door trucking service / Other carriage fees / Domestic package tours / Overseas package tours

27 Postage / Telephone charges / Mobile telephone charges / Mobile telephone / Other Communication equipments / Prerecorded recording media / Newspapers / Magazines and weekly

magazines / Books / Other reading materials / NHK TV license fees / CATV license fees / Other TV license fees / Internet connection charges

28 [N/A]

29 School lunch / Elementary school fees, national or public / Elementary school fees, private / Junior high school fees, national or public / High school fees, private / High school fees, national

or public / High school fees, private / Kindergarten fees, national or public / Kindergarten fees, private / Special training school fees / Children and elementary school tutorial fees / Junior

high school tutorial fees / High school tutorial and prep school fees

30 College and university fees, national or public / College and university fees, private

31 Medical treatment / Dental treatment / Hospital charges, delivery / Other hospital charges / Osteopathic, acupunctual and moxibustic services / Other medical services / Nursery fees /

Nursing care services

32 [N/A]

33 Domestic package tours / Overseas package tours / Admissions fees, movies, plays, cultural establishments, etc． / Admissions fees, sports / Other charges for sports facilities / Admission

and playing fees, amusement park / Other admissions and game fees / Hire of recreational goods / Other recreational services

34 Meals / Refreshments / Drinking / Charges for board / Domestic package tours / Overseas package tours

35 Hotel charges / Domestic package tours / Overseas package tours

36 Domestic help / Sewage disposal charges / Repair charges of furniture and domestic utensils / Rent of furniture and domestic utensils / Tailoring and repair charges / Washing charges /

Clothing rent / Other services related to private transportation / Children and elementary school tutorial fees / Junior high school tutorial fees / High school tutorial and prep school fees /

Repair charges of recreational durable goods / Repair charges of recreational goods / Domestic package tours / Overseas package tours / Lesson fees, language / Lesson fees, other

educational / Lesson fees, music / Lesson fees, other cultural / Lesson fees, sporting / Lesson fees, driving school / Other private lesson fees / Membership dues / Photo processing / Hire of

recreational goods / Other recreational services / Admission fees for hot spring and public baths / Haircut charges / Permanent wave and hair cut charges / Other personal care charges /

Related services to personal effects / Religious contribution / Wedding expenses / Funeral expenses / Other ceremonials

37 [N/A]
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Secondly, I aggregated the by-item consumption into by-industry consumption by 

correspondence. Simply speaking, in the case of multiple correspondence, I split the 

consumption based on the item-wise proportion of total household consumptions (𝑝𝑖 − 𝑝𝑖
𝑜). 

However, I needed to pay attention to one problem that the values in the MPIO table are 

producer prices, while the values in the consumption survey are consumer prices. The 

consumer price includes the trade and transport margin in addition to the producer price. So, 

strictly speaking, the proportion I should base was not the proportion of the producer-price-

base total household consumption (𝑝𝑖 − 𝑝𝑖
𝑜), but the proportion of the consumer-price-base 

total household consumption. 

To get the consumer-price-base total household consumption, 𝑝𝑖 − 𝑝𝑖
𝑜̃ , I employed the 

margin rate of trade (𝑟𝑖
𝑡𝑟𝑎𝑑𝑒) and transportation (𝑟𝑖

𝑡𝑟𝑎𝑛𝑠). 

𝑝𝑖 − 𝑝𝑖
𝑜 = (𝑝𝑖 − 𝑝𝑖

𝑜̃ )[1− (𝑟𝑖
𝑡𝑟𝑎𝑑𝑒 + 𝑟𝑖

𝑡𝑟𝑎𝑛𝑠)]   

For the trade margin, METI offers the national sampling data of by-industry trade 

margins. The oldest one is as of 2011 with up to 55 sectors. I used these data for calculation 

in both 2005 and 2011 MPIO tables. For the transport margin, the Ministry of Land, 

Infrastructure, Transport and Tourism (MLIT) offers the national data of by-industry trade 

margin. I used the data as of 2005 and 2011 with maximum 72 sectors. After categorical 

adjustment, I got the margin rate of trade (𝑟𝑖
𝑡𝑟𝑎𝑑𝑒 ) and transportation (𝑟𝑖

𝑡𝑟𝑎𝑛𝑠), and then, 

calculated 𝑝𝑖 − 𝑝𝑖
𝑜̃ . Based on the proportion of 𝑝𝑖 − 𝑝𝑖

𝑜̃ , I aggregated the by-item consumption 

into the industrial sectors. 

The last operation for generating coefficients for by-age, by-industry household 

consumption was to convert the consumer-price-base values to the producer-price-base values. 

By multiplying those aggregated values by 𝑟𝑖
𝑡𝑟𝑎𝑑𝑒  and by splitting them into the local 
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commercial sector, I got the producer-price-base household consumption for the commercial 

sectors. Similarly, with 𝑟𝑖
𝑡𝑟𝑎𝑛𝑠, I got the producer-price-base household consumption for the 

transportation sectors. The residuals in the other industries were regarded to be the producer-

price-base household consumption for them. 

Because the original data of consumption contained by-age data, the values I obtained 

here were nothing other than [𝑎𝑣𝑔.𝐻𝐻 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛]𝑖
𝑦

. I should note that because these 

values were calculated from the consumption dataset, there was no guarantee of perfect fit 

with the MPIO values. This point is totally acceptable because I only use these values for the 

calculation of the coefficients, or 
[𝑎𝑣𝑔.𝐻𝐻 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛]𝑖

𝑦
∙[𝑛𝑢𝑚.𝑜𝑓 𝐻𝐻]𝑦

∑ ([𝑎𝑣𝑔.𝐻𝐻 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛]
𝑖
𝑦
∙[𝑛𝑢𝑚.𝑜𝑓 𝐻𝐻]𝑦)𝑦

. Therefore, for the 

industries without any corresponding items in the consumption survey (excluding commercial 

industry and transportation industry), I assigned [𝑎𝑣𝑔. 𝐻𝐻 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛]𝑖
𝑦
= 1  (in other 

words, the coefficients will be equal to the ones of household numbers). 

 

6.5. Number of Households 

The numbers of by-age by-prefecture households are available in the quinquennial 

national census. The period years include 2005, 2010 and 2015. For the numbers as of 2011, 

I applied the linear interpolation between the data in 2010 and 2015.  

 

6.6. Descriptive Features of Household Consumption 

Table 6 shows the derived numbers of “Per Person Consumption Ratio” (=
[𝐻𝐻 ~65]

[𝐻𝐻 ~64]
). 

The values more than 1 in these ratios mean, in average, one household member in the 

household of the householder’s age of 65 years or more consumes the industry-related goods 
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and services more than the one in the household of the householder’s age of 64 years or less, 

and vice versa. 

Table 6: By-industry Per Person Consumption Ratio ([HH 65-]/[HH -64]) 

 

In order to grasp its characteristics, I pick up some interesting implications from this 

table: 

1) The fact that the older-household member consumes more for most of the food-

related primary industries (Industry Index 1 to 3) while less for the “Food services 

(34)” industry may mean the self-cooking tendency in the older household. 

2) The fact that the older-household member consumes more for most of the “Textile 

products (6)” industry while less for the “Clothes and other textile ready-made 

products (7)” industry may mean the self-making tendency in the older household. 

3) Some other industries clearly less attractive to the older household include 

“Education (29),” “Research (30),” “Printing, plate making, bookbinding (10),” 

“Pulp, paper, paperboard, processed paper (9),” “Car (19),” “Other transport 

equipment (20),” “Oil and coal products (12)” and “Telecommunication (27).” For 

most of them, it is easy to imagine their reasons, but for a complementary 

Industry

Index
PPCR

Industry

Index
PPCR

Industry

Index
PPCR

Industry

Index
PPCR

1 1.20 11 1.15 21 1.15 31 1.36

2 1.41 12 0.68 22 1.06 32 1.15

3 1.53 13 0.93 23 1.01 33 1.05

4 1.15 14 1.34 24 0.87 34 0.79

5 1.15 15 1.15 25 1.17 35 1.40

6 1.45 16 1.15 26 1.03 36 1.14

7 0.84 17 1.03 27 0.76 37 1.15

8 1.15 18 0.95 28 1.15

9 0.67 19 0.65 29 0.06

10 0.17 20 0.59 30 0.06
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explanation, the paper product industry reflects the consumption of paper diapers.  

4) Some other industries are clearly more attractive to the older household, include 

“Cement, ceramics, earth and stone products manufacturing (14),” “Real estate (25)” 

and “Lodging (35).” 
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Chapter 7. Structural Decomposition Analysis (SDA) 

7.1. IO Model Manipulation Before Analysis 

As we saw in equation (1), The MPIO structure in my study is, 

𝑇𝐴𝑋 + 𝑇𝐹 + 𝐸 −𝑀 = 𝑋  (1) 

As I explained in the MPIO chapter, international import, 𝑀 , never counts the direct 

transaction to intranational export and international export. Therefore, by using the rates of 

international import, 𝑛𝑖
𝑟, 𝑚𝑖

𝑟 can be denoted by, 

𝑚𝑖
𝑟 = 𝑛𝑖

𝑟𝜏𝑖
𝑠𝑠[∑ (𝑎𝑖𝑗

𝑠 𝑥𝑗
𝑠)𝑗 + 𝑓𝑖

𝑠]   

If I define the diagonal matrix with the values of 𝑛𝑖
𝑟 for all 𝑟 and 𝑖 as 𝑁, it can be expressed 

by the matrix formula of, 

𝑀 = 𝑁𝑇𝑙(𝐴𝑋 + 𝐹)  (4) 

Also, the final demand 𝐹 can be decomposed to the household consumption 𝐻, which is the 

column vector of (𝑝𝑖 − 𝑝𝑖
𝑜), and the other final demand �̅�. 

𝐹 = 𝐻 + �̅�  (5) 

By substituting equation (4) and equation (5) to equation (1), I get 

𝑇𝐴𝑋 + 𝑇(𝐻 + �̅�) + 𝐸 − 𝑁𝑇𝑙(𝐴𝑋 + 𝐻 + �̅�) = 𝑋   

⇔    𝑋 = [𝐼 − (𝑇 − 𝑁𝑇𝑙)𝐴]−1[(𝑇 − 𝑁𝑇𝑙)𝐻 + (𝑇 − 𝑁𝑇𝑙)�̅� + 𝐸]   

⇔    𝑋 = 𝐵𝐻 + 𝑌  (6) 

𝑤ℎ𝑒𝑟𝑒   {
𝐵 = [𝐼 − (𝑇 − 𝑁𝑇𝑙)𝐴]−1(𝑇 − 𝑁𝑇𝑙)

𝑌 = [𝐼 − (𝑇 − 𝑁𝑇𝑙)𝐴]−1[(𝑇 − 𝑁𝑇𝑙)�̅� + 𝐸]
  

 

As the basic IO analysis, equation (6) enables us to estimate the impact to total output 

𝑋 by a certain change in household consumption. 

∆𝑋 = 𝐵∆𝐻 (7) 
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7.2. About SDA 

The common notion of SDA is well described in Rose & Casler (1996). The basic style 

of SDA (three-part decomposition: the changes in technological coefficients and the mix and 

level of final demand) can go back to the 1970s and has received increasing attention, 

especially in recent years with various modifications and applications (Rose & Casler, 1996). 

Based on Rose & Casler (1996), the definition of SDA is "a way of distinguishing major 

sources of change in an economy. It basically involves a set of comparative static exercises in 

which sets of coefficients are changed, in turn, and activity levels compared to a reference 

point," or "the analysis of the economic change by means of a set of comparative static 

changes in key parameters in an input-output table" (pp.35). 

The strength of SDA is also well summarized in Rose & Casler (1996). According to 

them, it overcomes many of the static features of the IO analysis by considering changes over 

time in technical coefficients and sectoral mix in the IO tables. Secondly, SDA requires only 

two IO tables at the different periods for the analysis "insignificantly more restrictive than the 

most advanced of the economically estimated production functions - flexible functional forms, 

such as the translog” (pp.35). Thirdly, SDA shares the strength of the IO analysis: the 

comprehensive accounting on all interindustrial transactions.  

The way of decomposition in SDA varies depending on the purposes. I describe the 

SDA analysis in this paper using the factors in the following sections. 
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7.3. SDA in This Paper 

7.3.1. SDA Application 

The aim of decomposition in this study is to distinguish two effects of depopulation and 

of population aging within the household consumption. Here I assume that the consumption 

of 𝑦-age households for industry 𝑦 in prefecture 𝑟, namely, 𝑝𝑖
𝑟𝑦

, explained by multiplication 

of three elements: total household consumption in prefecture 𝑟 , by-industry consumption 

share in prefecture 𝑟, and by-age consumption share for industry 𝑦 in prefecture 𝑟. 

𝑝𝑖
𝑟𝑦
= [total HH consumption]𝑟 ∙ {

[by industry consumption share]𝑖
𝑟 ∙

[by age consumption share]𝑖
𝑟𝑦 } 

 

Based on two previous assumptions (total household consumption reflects total 

population and the by-age composition of household numbers reflects population aging), and 

with an additional assumption that industry-wise consumption preference is stable, I can say 

that the total household consumption in prefecture 𝑟 is corresponding to depopulation and that 

the part in the curly bracket is corresponding to population aging. Therefore, I decomposed 

household consumption into those two components. 

Let me say 𝛾 is the vector (1739 × 1) made by vertical concatenation of the 47 by-

prefecture total household consumption vectors (37 × 1), each of which has the same 37 

elements equal to the total household consumption of the prefecture. For example, 𝛾 ’s 

elements from 1st to 37th are all identical and equal to the total household consumption of the 

Hokkaido prefecture (prefecture number: 1), and elements from 38th to 74th are all identical 

and equal to the total household consumption of the Aomori prefecture (prefecture number: 

2). Then, 𝛾 is the diagonal matrix (1739 × 1739) of 𝛾. 휀 is the matrix (1739 × 2) made by 

vertical concatenation of the 47 by-prefecture consumption share matrices (37 × 2), each of 

which has the elements denoting the share of the by-industry by-age consumption within the 
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total consumption of the prefecture. For example, 𝛾’s elements specified with 1st to 37th rows 

and 1st to 2nd columns denote the shares of the by-industry by-age consumption within the 

total consumption of the Hokkaido prefecture (prefecture number: 1), which means the 

elements of each 37 × 2 matrix are summed up to 1 for each prefecture. These relationships 

are illustrated in Figure 11. This is not an original value matrix but artificial components 

reflecting depopulation and population aging. 

 

Figure 11: Household Consumption Decomposition 

Now, I decompose household consumption vector 𝐻  (1739 × 1)  into an n-age 

matrix, 𝐶 (1739 × 2). Each element denotes 𝑝𝑖
𝑦

, which we saw in Chapter 6. Here, 𝐻 =

∑ 𝑝𝑖
𝑦

𝑦 . If I define the unit vector 𝐼𝑦 (2 × 1), 

𝐶 = 𝛾휀  
 

𝐻 = 𝐶 ∙ 𝐼𝑦 = 𝛾휀𝐼𝑦   

By comparing the data at two different periods 𝑜 (=2005) and 𝑡 (=2011), and with ∆ denoting 

the gap between them, SDA gives us the way of decomposition below.24 

 
24 Here I adopt the by-far common method of additive identity splitting in SDA, which decomposes the 

original values to the additive terms. Other methods such as multiplicative identity splitting are known 

(Rose & Casler, 1996). 
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∆𝐻 = 𝐻𝑡 − 𝐻𝑜 = 𝐶𝑡𝐼𝑦 − 𝐶𝑜𝐼𝑦 = (𝐶𝑡 − 𝐶𝑜)𝐼𝑦  
 

       = (�̂�𝑡휀𝑡 − 𝛾𝑜휀𝑜)𝐼𝑦  
 

       = {(�̂�𝑜 + ∆𝛾)(휀𝑜 + ∆휀) − 𝛾𝑜휀𝑜}𝐼𝑦  
 

       = ∆𝛾휀𝑜𝐼𝑦 + 𝛾𝑜∆휀𝐼𝑦 + ∆�̂�∆휀𝐼𝑦  
(8) 

 

Based on the assumptions in Chapter 6, 1) the change in the total household 

consumption reflects the change in the total population, and 2) the change in the balance of 

by-industry consumption reflects the change in the population aging. 

The first term, ∆𝛾휀𝑜𝐼𝑦, involving only the change in 𝛾, shows the decomposed factor 

of the prefectural total household consumption change. Under my assumptions, this reflects 

the change in the prefectural total populations. The second term, 𝛾𝑜∆휀𝐼𝑦, involving only the 

change in 휀, shows the household consumption change in terms of the change in the by-

industry by-age consumption balance. Under my assumptions, this can be regarded as the 

effect of the change in the prefectural aging rate. 

The third term, ∆𝛾∆휀𝐼𝑦 , is the so-called “Interaction Term” (I denote by 𝐼𝑇), which 

shows the joint effect by the multiple factors I explained above. From the mathematical 

perspective, when infinitesimal changes were considered, the interaction terms would not 

show up.25  On the other hand, under the discrete change here, this term is inevitable. They 

have information on the joint effect and Sonis et al. (1996) insisted the importance of 

considering the balance among components including interaction terms with introducing a 

triangular diagram.  

However, SDA does not have the common way to treat them. Many previous papers 

 
25 

𝑑

𝑑𝑡
(𝐶) =

𝑑

𝑑𝑡
(�̂�휀) =

𝑑

𝑑𝑡
(�̂�) ∙ 휀+ �̂� ∙

𝑑

𝑑𝑡
(휀). 
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just ignored them. Some paper incorporated them into the direct terms by equally splitting, 

but how to do it is still an arbitrary decision (Rose & Casler, 1996). Notably, the values in 

interaction terms are relatively small compared to the direct change terms in most cases 

because they consist of multiple changes rather than the original values. Moreover, the degree 

of the discretion in my analysis is not so large (the years of 2005 and 2011), which means it 

is somewhat reasonable to treat them on the analogy of infinitesimal changes. Therefore, in 

my paper, I disregard them and try to see the major trends through direct terms. 

Combining equation (7) and equation (8), I can write 

∆𝑋 = 𝑋𝑡 − 𝑋𝑜 = (𝐵𝑡𝐻𝑡 + 𝑌𝑡) − (𝐵𝑜𝐻𝑜 + 𝑌𝑜)  

       = 𝐵𝑡𝐻𝑡 − 𝐵𝑜𝐻𝑜 + 𝑌𝑡 − 𝑌𝑜  

       = (𝐵𝑜 + ∆𝐵)(𝐻𝑜 + ∆𝐻) − 𝐵𝑜𝐻𝑜 + ∆𝑌   

       = 𝐵𝑜∆𝐻 + ∆𝐵𝐻𝑜 + ∆𝐵∆𝐻 + ∆𝑌   

     = 𝐵𝑜∆�̂�휀𝑜𝐼𝑦 + 𝐵𝑜�̂�𝑜∆휀𝐼𝑦 + ∆𝐵𝐻𝑜 + 𝐼𝑇𝑠 + ∆𝑌  
(9) 

 

The first term, 𝐵𝑜∆�̂�휀𝑜𝐼𝑦, shows the economic impact of the prefectural total household 

consumption change. Under my assumptions, this can be regarded as the effect of the change 

in the prefectural total populations. The second term, 𝐵𝑜𝛾𝑜∆휀𝐼𝑦, shows the economic impact 

of the household consumption change in terms of the change in the balance of by-industry by-

age consumption. Under my assumptions, this can be regarded as the effect of the change in 

the prefectural aging rates. The fourth term, ∆𝐵𝐻𝑜, involves only the change in 𝐵, shows the 

economic impact of the change in the technical coefficients, trade coefficients, and the import 

rates but is limited to the relationship with household consumption. The rests are the ignorable 

interaction terms among ∆𝛾, ∆휀 and ∆𝐵, and the other change, ∆𝑌. 
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7.3.2. Further Prefectural Decomposition 

I intended to compare the degrees of economic impacts to each prefecture, attributing 

to four factors independently: inter-prefectural depopulation, intra-prefectural depopulation, 

inter-prefectural population aging, and intra-prefectural population aging. Here, I use the term 

“intra-prefectural” to indicate the self-effect of the individual prefecture. In other words, the 

consequent effect of depopulation or population aging of prefecture 𝑟 to prefecture 𝑟 itself is 

“intra-prefectural,” while the consequent effect of depopulation or population aging of 

prefecture 𝑠 (𝑠 ≠ 𝑟) to prefecture 𝑟 is “inter-prefectural.” The intra-prefectural effect does 

not necessarily mean the effect of purely intra-prefectural transaction but indicates the original 

shock and the results are in the same prefecture. Therefore, the intra-prefectural effect partially 

attributes to the returning spillover effect via the other prefectures. These definitions are 

illustrated in Figure 12. 

 

Figure 12: Definitions of Intra- and Inter-prefectural impacts 

Let’s say, both ∆𝑋 and ∆𝐻 can be split into prefectural fragments, i.e. ∆𝑋𝑟 and ∆𝐻𝑟, 

with the zero values for the elements of the other prefectures (∆𝑋 = ∑ ∆𝑋𝑟𝑟 , ∆𝐻 = ∑ ∆𝐻𝑟𝑟 ). 
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∆𝑋𝑟 = [𝐵∆𝐻]𝑟. I also denote ∆𝑋�̅�=∆𝑋 − ∆𝑋𝑟 and ∆𝐻�̅�=∆𝐻 − ∆𝐻𝑟, both of which mean the 

vectors with the “zero” elements of the focusing prefecture and the nonzero elements only of 

the other prefectures. 

Through these variables, I can recognize the impact of one prefecture to another (and of 

one industry to another). For example, [𝐵[∆𝐻]𝑟]𝑟 indicates the impact of a local household 

consumption change to the individual prefecture (“Intra-prefectural Impact”). [𝐵[∆𝐻]�̅�]𝑟 

indicates the impact of household consumption changes in the other prefectures to the focused 

prefecture (Inter-prefectural Impact). [𝐵[∆𝐻]𝑠]𝑟  indicates the impact of a household 

consumption change in prefecture 𝑠 to the prefecture 𝑟. 

In line with equation (9), the depopulation impact of prefecture 𝑠  to the focused 

prefecture 𝑟  is obtained by [𝐵𝑜[∆𝛾휀𝑜𝐼𝑦]𝑠]𝑟 . The inter-prefectural depopulation impact is 

obtained by [𝐵𝑜[∆�̂�휀𝑜𝐼𝑦]�̅�]𝑟. The local depopulation impact is obtained by [𝐵𝑜[∆𝛾휀𝑜𝐼𝑦]𝑟]𝑟. 

The population aging impact of prefecture 𝑠  to the prefecture 𝑟  is obtained by 

[𝐵𝑜[�̂�𝑜∆휀𝐼𝑦]𝑠]𝑟 . The inter-prefectural population aging impact is obtained by 

[𝐵𝑜[�̂�𝑜∆휀𝐼𝑦]�̅�]𝑟. The local population aging impact is obtained by [𝐵𝑜[�̂�𝑜∆휀𝐼𝑦]𝑟]𝑟. 

The whole structure so far is summarized in Figure 13. 
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Figure 13: Whole Structure of Decomposition 
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Chapter 8. SDA Results 

8.1. Results of Recent Depopulation 

Table 7 shows the results of the recent depopulation. The column of “Total Impact” 

shows the percentage of the change in total output (
∆𝑋𝑟

𝑋𝑟
) (here, the base year is 2005), which 

is the magnitude of nationwide comprehensive depopulation. They range broadly between -

5.18% of the Fukuoka prefecture (40) and 5.89% of the Saitama prefecture (11).  

The indented “Intra (=depopulation of the individual prefecture itself)” and “Inter (= 

Inter-prefectural depopulation, or total depopulation of the other prefectures)” denote each 

impact within the total impact. There is a variation of the strengths of or the balances between 

two factors, the intra- and inter-prefectural depopulation, also as illustrated in Figure 14. We 

can find many prefectures with positive intra- or inter-prefectural impacts, because some 

prefectures had increased their populations while the others had not. Although many 

prefectures experience around -2% to 2% in intra-prefectural impacts, some prefectures are 

the outliers with significantly positive or negative local impacts: for example, Saitama (11), 

Kyoto (26) and Kagawa (37) prefectures for the positive side and Fukuoka (40) prefecture for 

the negative side.26  

The column of “Industry” indicates the most frequent three effected industries in the 

prefecture by the inter-prefectural impact, and the share of each industry within the inter-

prefectural impact (
[∆𝑋𝑖

𝑟 𝑏𝑦 𝑖𝑛𝑡𝑒𝑟𝑝𝑟𝑒𝑓𝑒𝑐𝑡𝑢𝑟𝑎𝑙 𝑖𝑚𝑝𝑎𝑐𝑡] 

|[∆𝑋𝑟 𝑏𝑦 𝑖𝑛𝑡𝑒𝑟𝑝𝑟𝑒𝑓𝑒𝑐𝑡𝑢𝑟𝑎𝑙 𝑖𝑚𝑝𝑎𝑐𝑡]|
) (the denominator is the absolute value, to 

grasp the impact direction intuitively). The overall three most frequently affected industries 

across prefectures are “Food and drink (5)” [found 30 times in the table], “Commerce (23)” 

 
26 Although the population in the Fukuoka (40) prefecture slightly increased during the period analyzed, 

the private consumption in its IO data dropped. This phenomenon is something unexpected under my 

assumption and may need further analysis. 
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[20 times] and “Machinery and manufacturing industrial products (18)” [12 times]. 

In Table 7, the column of “Prefecture (for the industry)” shows the most frequent three 

affecting prefectures for each of the top-3 affected industries above. The percentage means 

the ratio of the impact by the prefecture within the total inter-prefectural impact on the industry 

(
[∆𝑋𝑖

𝑟 𝑏𝑦 𝑡ℎ𝑒 𝑖𝑛𝑓𝑙𝑢𝑒𝑛𝑐𝑖𝑛𝑔 𝑝𝑟𝑒𝑓𝑒𝑐𝑡𝑢𝑟𝑒] 

|[∆𝑋𝑖
𝑟 𝑏𝑦 𝑖𝑛𝑡𝑒𝑟𝑝𝑟𝑒𝑓𝑒𝑐𝑡𝑢𝑟𝑎𝑙 𝑖𝑚𝑝𝑎𝑐𝑡]|

) (the denominator is the absolute value, to grasp the impact 

direction intuitively). The overall three most frequently affecting prefectures are Saitama (11) 

[84 times], Fukuoka (40) [59 times] and Tokyo (13) [57 times], all of which are the 

metropolitan prefectures. Saitama (11) and Tokyo prefectures had positive impacts due to 

their increasing populations, while the Fukuoka (40) prefecture had a negative effect.  

In terms of the inter-prefectural impact, the values range around from -0.3% to 0.5%, 

which is not large compared to the intra-prefectural impacts around -6.0% to 6.0%. The intra-

prefectural depopulation effects on Chiba (12), Ishikawa (17) and Osaka (27) prefectures were 

improved by their inter-prefectural effects, while the Miyagi (4), Iwate (3), Saga (41) 

Yamaguchi (35), Kumamoto (43) and Kagoshima (46) were otherwise. 

Figure 15 illustrates geographical relationships among prefectures. The negative intra-

prefectural impacts are prominent in the rural prefectures, and the negative inter-prefectural 

impacts are obviously found around them. The right path map shows the top-3 inter-

prefectural impact paths to each prefecture. The negative inter-prefectural effects from the 

prefectures with negative intra-prefectural impacts are clear, but also, there are positive effects 

from the major metropolitan prefectures, such as Tokyo (13). 
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Table 7: SDA Results of Recent Depopulation 

 

-0.54% #1 5 26.0% #1 11 129.0% #2 27 -31.8% #3 13 25.8% 0.36% #1 34 28.6% #1 26 89.6% #2 13 12.2% #3 11 3.9%

INTRA -0.68% #2 12 14.5% #1 16 58.4% #2 11 32.2% #3 13 16.3% INTRA 0.12% #2 5 20.0% #1 26 98.0% #2 11 52.3% #3 27 -42.2%

INTER 0.13% #3 27 9.9% #1 13 102.3% #2 11 19.0% #3 27 -8.2% INTER 0.24% #3 18 6.0% #1 11 179.2% #2 40 -178.0% #3 26 128.1%

-0.77% #1 23 -84.2% #1 13 53.0% #2 1 -51.4% #3 5 -50.6% 5.11% #1 5 -77.2% #1 27 -116.2% #2 17 -30.1% #3 29 -18.3%

INTRA -0.71% #2 1 34.9% #1 11 142.4% #2 13 57.1% #3 27 -24.5% INTRA 5.18% #2 23 -67.6% #1 27 -113.1% #2 13 15.8% #3 29 -15.3%

INTER -0.06% #3 7 -28.8% #1 5 -66.0% #2 4 -35.3% #3 13 5.8% INTER -0.07% #3 33 42.8% #1 18 82.5% #2 13 23.0% #3 17 -11.2%

-0.83% #1 5 -38.8% #1 5 -52.6% #2 11 31.1% #3 27 -27.6% -0.85% #1 23 34.1% #1 26 69.0% #2 13 17.1% #3 28 15.9%

INTRA -0.62% #2 23 -23.1% #1 4 -62.9% #2 5 -32.5% #3 13 26.1% INTRA -1.25% #2 32 11.8% #1 13 52.9% #2 26 41.0% #3 11 16.3%

INTER -0.21% #3 18 -6.7% #1 5 -59.1% #2 11 48.5% #3 6 -33.6% INTER 0.40% #3 25 11.4% #1 13 87.7% #2 26 12.1% #3 29 -3.2%

-1.76% #1 23 -40.3% #1 7 -49.3% #2 6 -19.8% #3 5 -18.0% 0.43% #1 23 -173.1% #1 27 -246.5% #2 26 86.8% #3 37 78.0%

INTRA -1.53% #2 5 -13.8% #1 11 138.8% #2 7 -82.6% #3 5 -71.3% INTRA 0.42% #2 33 130.1% #1 26 81.8% #2 13 18.1% #3 11 8.8%

INTER -0.23% #3 12 -8.7% #1 1 -78.2% #2 7 -39.9% #3 11 19.3% INTER 0.01% #3 36 122.8% #1 13 54.6% #2 26 54.2% #3 11 24.4%

-2.70% #1 23 -387.1% #1 4 -82.7% #2 11 56.2% #3 6 -41.8% -1.26% #1 34 22.2% #1 26 90.1% #2 13 35.0% #3 27 -30.4%

INTRA -2.70% #2 18 384.5% #1 11 127.8% #2 13 17.2% #3 33 -14.7% INTRA -1.33% #2 29 13.7% #1 11 58.4% #2 13 26.5% #3 26 13.5%

INTER -0.01% #3 5 -150.6% #1 2 -52.5% #2 3 -45.4% #3 11 29.2% INTER 0.07% #3 5 13.7% #1 40 -268.5% #2 15 148.5% #3 16 143.9%

-0.80% #1 7 426.8% #1 11 51.8% #2 16 40.6% #3 13 40.4% -0.20% #1 5 47.0% #1 27 -79.9% #2 16 73.6% #3 26 70.3%

INTRA -0.81% #2 23 -263.1% #1 4 -83.9% #2 11 62.0% #3 7 -53.2% INTRA -0.24% #2 12 39.1% #1 26 608.3% #2 40 -460.7% #3 27 -112.5%

INTER 0.01% #3 1 186.6% #1 11 108.0% #2 13 88.9% #3 27 -72.6% INTER 0.05% #3 1 -32.8% #1 27 -145.8% #2 26 29.6% #3 29 -17.3%

-1.06% #1 5 -101.4% #1 40 -95.7% #2 11 32.3% #3 4 -13.8% -0.37% #1 5 79.8% #1 11 72.1% #2 18 14.9% #3 28 11.2%

INTRA -0.97% #2 19 21.3% #1 11 107.8% #2 13 9.9% #3 40 -8.6% INTRA -0.67% #2 1 6.8% #1 11 80.1% #2 26 41.0% #3 33 -24.9%

INTER -0.09% #3 22 -20.4% #1 27 -214.2% #2 13 147.7% #3 11 134.0% INTER 0.29% #3 7 -6.0% #1 33 -45.1% #2 27 -30.3% #3 40 -20.0%

-0.36% #1 22 16.0% #1 11 84.1% #2 13 49.8% #3 40 -19.5% -0.73% #1 18 21.9% #1 11 105.5% #2 40 -19.8% #3 27 -12.0%

INTRA -0.50% #2 18 14.5% #1 11 122.0% #2 13 64.2% #3 40 -51.2% INTRA -0.85% #2 34 18.6% #1 13 64.8% #2 11 28.5% #3 35 17.2%

INTER 0.14% #3 26 12.1% #1 11 94.7% #2 13 35.7% #3 40 -16.0% INTER 0.11% #3 1 16.6% #1 37 86.1% #2 11 34.2% #3 40 -16.0%

-0.05% #1 5 53.1% #1 11 122.1% #2 40 -22.1% #3 27 -11.5% -0.97% #1 12 -165.8% #1 40 -140.7% #2 37 116.6% #3 17 -111.8%

INTRA -0.32% #2 23 5.7% #1 11 130.6% #2 13 51.0% #3 40 -23.6% INTRA -0.95% #2 11 -140.4% #1 40 -117.3% #2 27 -39.0% #3 11 22.8%

INTER 0.27% #3 32 5.0% #1 11 115.7% #2 13 44.5% #3 40 -26.3% INTER -0.01% #3 27 43.2% #1 13 85.1% #2 40 -21.2% #3 11 19.5%

0.17% #1 18 17.5% #1 11 104.4% #2 40 -16.9% #3 13 16.3% 0.37% #1 23 -132.9% #1 27 -123.6% #2 35 45.0% #3 38 -42.7%

INTRA -0.13% #2 23 10.1% #1 11 104.8% #2 13 36.0% #3 40 -18.6% INTRA 0.39% #2 5 49.9% #1 11 82.4% #2 40 -78.7% #3 35 78.0%

INTER 0.30% #3 34 8.4% #1 11 94.9% #2 13 6.4% #3 9 -1.7% INTER -0.02% #3 26 -46.0% #1 27 -148.5% #2 35 96.4% #3 38 -71.7%

5.89% #1 25 26.7% #1 13 101.8% #2 40 -0.6% #3 27 -0.5% 1.41% #1 12 -60.6% #1 40 -79.9% #2 5 -34.7% #3 43 13.5%

INTRA 5.72% #2 31 19.9% #1 13 101.1% #2 8 -1.2% #3 12 0.8% INTRA 1.66% #2 18 -11.5% #1 40 -93.7% #2 44 -7.9% #3 11 2.1%

INTER 0.17% #3 23 13.5% #1 13 152.8% #2 20 17.0% #3 27 -16.3% INTER -0.24% #3 11 -9.1% #1 40 -115.5% #2 27 -49.0% #3 44 -44.4%

0.58% #1 12 23.4% #1 11 97.6% #2 28 5.4% #3 13 5.1% -0.10% #1 5 30.2% #1 37 72.9% #2 26 38.7% #3 27 -33.6%

INTRA 0.13% #2 22 15.2% #1 11 67.1% #2 13 50.1% #3 14 -3.9% INTRA -0.32% #2 22 21.0% #1 37 124.7% #2 39 -17.4% #3 38 -9.4%

INTER 0.46% #3 5 10.3% #1 11 80.2% #2 13 62.2% #3 14 -14.9% INTER 0.23% #3 1 7.2% #1 37 172.9% #2 27 -104.5% #3 26 33.7%

2.52% #1 23 24.2% #1 11 173.0% #2 27 -19.8% #3 4 -17.8% 5.47% #1 12 -38.6% #1 40 -140.3% #2 34 35.4% #3 28 22.7%

INTRA 2.31% #2 32 16.0% #1 11 167.8% #2 40 -40.5% #3 26 35.8% INTRA 5.56% #2 5 -21.7% #1 38 -59.9% #2 39 -57.7% #3 11 31.3%

INTER 0.21% #3 24 15.5% #1 11 121.4% #2 40 -27.3% #3 26 25.5% INTER -0.10% #3 23 -19.7% #1 27 -85.3% #2 40 -42.7% #3 38 -33.5%

0.02% #1 32 15.6% #1 13 85.3% #2 11 27.3% #3 40 -6.7% -0.50% #1 23 24.2% #1 37 115.3% #2 27 -68.3% #3 13 33.1%

INTRA -0.21% #2 27 14.1% #1 13 90.2% #2 11 17.6% #3 26 4.8% INTRA -0.63% #2 12 -18.0% #1 40 -114.1% #2 27 -43.8% #3 37 43.0%

INTER 0.23% #3 22 10.9% #1 11 66.7% #2 13 49.8% #3 40 -4.7% INTER 0.13% #3 5 16.6% #1 37 158.2% #2 39 -58.7% #3 26 42.5%

0.60% #1 5 32.1% #1 11 143.2% #2 27 -30.2% #3 16 15.2% -1.45% #1 27 232.7% #1 13 105.4% #2 11 19.4% #3 40 -15.9%

INTRA 0.45% #2 1 14.9% #1 11 102.3% #2 26 54.4% #3 27 -46.3% INTRA -1.44% #2 1 -216.2% #1 27 -234.5% #2 26 91.5% #3 37 63.6%

INTER 0.15% #3 7 9.7% #1 11 106.9% #2 20 12.7% #3 13 5.2% INTER -0.01% #3 34 -145.7% #1 38 -134.0% #2 13 30.9% #3 11 9.0%

2.34% #1 18 50.8% #1 37 106.1% #2 11 50.6% #3 17 -23.2% -5.18% #1 5 25.3% #1 26 77.2% #2 44 -53.5% #3 43 43.7%

INTRA 2.30% #2 5 -30.4% #1 40 -79.3% #2 11 59.2% #3 17 -32.5% INTRA -5.33% #2 32 14.3% #1 13 66.6% #2 44 -30.4% #3 43 25.6%

INTER 0.04% #3 22 14.8% #1 18 97.9% #2 11 39.2% #3 17 -29.9% INTER 0.15% #3 23 10.9% #1 44 -110.5% #2 46 78.1% #3 27 -68.9%

-1.54% #1 23 27.2% #1 16 67.8% #2 18 18.9% #3 27 -17.9% -0.47% #1 22 -18.4% #1 40 -141.8% #2 43 34.7% #3 27 -20.8%

INTRA -2.01% #2 5 18.1% #1 16 83.0% #2 18 26.4% #3 40 -11.3% INTRA -0.26% #2 1 -17.8% #1 40 -139.7% #2 26 22.2% #3 46 17.6%

INTER 0.47% #3 18 8.4% #1 18 32.6% #2 16 30.8% #3 11 16.5% INTER -0.21% #3 23 -9.3% #1 40 -124.7% #2 44 -33.8% #3 46 28.7%

2.42% #1 5 -228.9% #1 40 -49.6% #2 4 -33.4% #3 1 -8.4% -1.15% #1 22 -49.0% #1 40 -137.1% #2 43 34.1% #3 46 9.8%

INTRA 2.44% #2 7 75.2% #1 11 359.2% #2 40 -234.8% #3 27 -114.5% INTRA -1.03% #2 3 -22.2% #1 40 -121.3% #2 27 -15.3% #3 11 13.5%

INTER -0.02% #3 34 67.4% #1 26 81.1% #2 13 20.3% #3 17 -14.2% INTER -0.12% #3 35 -21.1% #1 40 -111.8% #2 35 9.2% #3 27 -5.7%

-1.45% #1 18 22.6% #1 11 131.7% #2 40 -23.3% #3 13 19.9% 2.05% #1 19 -19.2% #1 40 -97.0% #2 41 -2.8% #3 11 2.6%

INTRA -1.68% #2 36 10.4% #1 13 70.0% #2 11 35.4% #3 14 -2.6% INTRA 2.25% #2 5 -16.3% #1 29 -54.9% #2 40 -54.1% #3 44 -39.9%

INTER 0.23% #3 5 7.5% #1 11 267.4% #2 5 -156.8% #3 40 -64.4% INTER -0.20% #3 1 -15.7% #1 40 -146.3% #2 46 25.8% #3 11 19.8%

1.40% #1 5 -25.7% #1 40 -109.5% #2 11 70.0% #3 6 -26.2% -1.79% #1 12 -60.1% #1 40 -131.7% #2 43 18.5% #3 18 16.0%

INTRA 1.29% #2 35 16.6% #1 11 135.8% #2 27 -26.7% #3 26 24.1% INTRA -1.68% #2 35 -18.1% #1 40 -113.1% #2 35 9.4% #3 11 4.9%

INTER 0.11% #3 18 16.0% #1 11 119.2% #2 23 55.3% #3 27 -48.1% INTER -0.11% #3 11 -16.7% #1 40 -64.7% #2 27 -60.9% #3 1 -55.3%

0.66% #1 5 -13.3% #1 40 -62.1% #2 5 -59.1% #3 27 -48.4% -0.11% #1 5 42.7% #1 11 81.9% #2 40 -74.5% #3 46 55.0%

INTRA 0.57% #2 18 9.7% #1 11 81.9% #2 23 72.9% #3 26 55.6% INTRA -0.17% #2 35 -39.4% #1 40 -113.4% #2 46 12.8% #3 43 4.5%

INTER 0.09% #3 34 9.0% #1 13 54.4% #2 11 25.9% #3 16 15.4% INTER 0.05% #3 34 34.4% #1 46 70.6% #2 13 26.0% #3 11 9.4%

-0.13% #1 5 27.0% #1 11 136.0% #2 27 -70.4% #3 23 44.4% 1.97% #1 5 -51.1% #1 40 -97.6% #2 35 39.2% #3 33 -24.4%

INTRA -0.29% #2 23 11.8% #1 11 74.4% #2 13 67.4% #3 27 -52.8% INTRA 2.22% #2 1 -19.9% #1 40 -113.9% #2 35 35.4% #3 33 -17.1%

INTER 0.16% #3 26 10.0% #1 11 64.0% #2 13 53.4% #3 23 33.9% INTER -0.26% #3 35 -11.5% #1 40 -107.7% #2 27 -8.0% #3 35 7.9%

0.50% #1 5 27.5% #1 35 43.9% #2 18 41.4% #3 16 40.1% 0.95% #1 34 148.1% #1 13 74.8% #2 11 33.9% #3 27 -5.4%

INTRA 0.47% #2 36 10.7% #1 13 84.3% #2 11 31.7% #3 26 9.7% INTRA 0.93% #2 23 -121.7% #1 27 -85.2% #2 13 66.2% #3 7 -43.9%

INTER 0.03% #3 13 8.9% #1 26 105.6% #2 11 93.9% #3 40 -61.3% INTER 0.02% #3 26 -101.1% #1 13 147.0% #2 27 -124.3% #3 40 -56.2%

-0.03% #1 12 15.2% #1 23 53.6% #2 20 26.0% #3 21 14.9%

INTRA -0.25% #2 5 15.1% #1 11 53.5% #2 26 53.0% #3 23 16.9%

INTER 0.22% #3 19 11.7% #1 26 65.6% #2 11 43.0% #3 27 -29.1%
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Figure 14: Correlation of Intra- and Inter-prefectural Impacts (Recent Depopulation) 

 

Figure 15: Geographical Relationship of Intra- and Inter-prefectural Impacts (Recent Depopulation) 
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8.1.1. Results of Recent Population Aging 

Table 8 shows the results of the recent population aging. In the column of “Total Impact,” 

the percentage change in total output (
∆𝑋𝑟

𝑋𝑟
) range between -1.41% for Nagano (20) and 1.30% 

for Tokushima (36); the range is smaller than the case of the impact of depopulation. 

There is a well-dispersed variation of the balances between two factors, the intra- and 

inter-prefectural population aging that is shown in Figure 16. Interestingly, compared to the 

results of recent depopulation, the degrees of the magnitudes (the size of the absolute value) 

of intra- and inter-prefectural impacts are more similar: the values of intra-prefectural impact 

ranges around from -0.3% to 0.5%, which is not large compared to the intra-prefectural 

impacts around -1.0% to 2.0%. This would indicate the importance of taking the impact of 

other prefectures’ aging situations as carefully as what is happening inside each prefecture. In 

many prefectures, the positive intra-prefectural impacts were cancelled out by the negative 

INTER-prefectural impacts. 

The overall three most frequently affected industries across prefectures are “Food and 

drink (5)” [27 times], “Lodging (35)” [20 times] and “Commerce (23)” [16 times].  

The overall three most frequently affecting prefectures are Kanagawa (14) [49 times], 

Osaka (27) [42 times], and Fukuoka (40) [35 times] prefectures, again metropolitan 

prefectures. 

In Figure 17, the negative inter-prefectural impacts were typically seen in the eastern 

part of Japan where population aging is said to be faster. In the path map, the negative inter-

prefectural impacts were more prominent than the positive ones which were only from some 

major metropolitan prefectures, such as Tokyo (13). 
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Table 8: SDA Results of Recent Population Aging 

 

-0.75% #1 23 -24.4% #1 14 -73.7% #2 23 -5.9% #3 5 -5.5% -0.58% #1 34 57.3% #1 26 52.4% #2 13 16.4% #3 14 14.2%

INTRA 0.16% #2 5 -20.1% #1 23 -20.4% #2 24 -17.8% #3 10 -13.1% INTRA -0.26% #2 18 -55.5% #1 40 -32.2% #2 28 -23.4% #3 34 15.0%

INTER -0.91% #3 1 -15.0% #1 23 -15.7% #2 14 -12.7% #3 24 -11.1% INTER -0.33% #3 20 33.3% #1 27 53.4% #2 28 16.1% #3 17 15.9%

-0.79% #1 23 -34.7% #1 1 -41.5% #2 14 -40.8% #3 5 -9.0% -0.67% #1 34 203.7% #1 25 28.3% #2 13 24.9% #3 27 18.4%

INTRA 0.07% #2 35 -21.1% #1 4 -33.8% #2 5 -13.1% #3 8 -7.0% INTRA -0.51% #2 35 -116.0% #1 40 -14.4% #2 8 -11.4% #3 14 -11.3%

INTER -0.86% #3 1 -20.5% #1 12 -24.6% #2 14 -8.6% #3 11 -8.2% INTER -0.16% #3 33 -99.9% #1 18 -71.8% #2 17 -8.8% #3 27 -8.5%

-0.42% #1 5 -20.9% #1 5 -31.4% #2 1 -14.4% #3 6 -11.2% 0.36% #1 23 -39.6% #1 28 120.1% #2 14 -104.2% #3 23 -22.1%

INTRA 0.37% #2 19 -16.3% #1 6 -46.2% #2 4 -22.6% #3 8 -14.6% INTRA 0.70% #2 20 26.0% #1 22 33.9% #2 28 11.3% #3 40 6.7%

INTER -0.79% #3 1 -15.7% #1 5 -19.2% #2 11 -14.9% #3 8 -12.1% INTER -0.33% #3 34 25.0% #1 13 41.1% #2 14 23.4% #3 12 8.3%

-0.57% #1 23 -28.7% #1 14 -73.7% #2 1 -11.2% #3 2 8.5% 0.28% #1 20 3079.4% #1 27 22.0% #2 40 13.2% #3 38 8.4%

INTRA 0.61% #2 5 -16.8% #1 3 -17.7% #2 6 -16.4% #3 5 -13.6% INTRA 0.30% #2 18 -742.6% #1 27 -33.5% #2 38 -19.2% #3 40 -16.3%

INTER -1.17% #3 12 -15.9% #1 1 -39.0% #2 15 -23.2% #3 7 -19.9% INTER -0.01% #3 5 -708.6% #1 23 -33.0% #2 40 -14.6% #3 38 -13.4%

-0.12% #1 35 -24.9% #1 4 -31.8% #2 8 -21.6% #3 14 -5.9% 0.14% #1 5 -74.2% #1 15 -65.7% #2 16 -14.1% #3 40 -10.2%

INTRA 0.53% #2 1 -18.3% #1 23 -32.0% #2 12 -8.9% #3 14 -6.5% INTRA 0.35% #2 34 60.2% #1 27 37.6% #2 26 17.9% #3 13 16.0%

INTER -0.65% #3 23 -14.7% #1 14 -110.2% #2 2 24.3% #3 4 22.3% INTER -0.21% #3 18 -38.8% #1 28 -30.8% #2 34 19.3% #3 27 -17.2%

0.26% #1 1 -18.7% #1 8 -18.5% #2 15 -11.1% #3 13 -9.7% -0.21% #1 12 -57.4% #1 14 -20.9% #2 40 -13.7% #3 27 -12.9%

INTRA 0.79% #2 35 -17.7% #1 4 -36.8% #2 8 -19.4% #3 12 -6.3% INTRA 0.61% #2 35 -16.5% #1 27 -46.4% #2 40 -7.3% #3 28 -6.3%

INTER -0.53% #3 23 -15.6% #1 14 -69.8% #2 4 15.8% #3 5 -9.8% INTER -0.82% #3 5 -6.9% #1 16 -44.5% #2 23 -16.7% #3 26 11.3%

-0.52% #1 5 -26.3% #1 40 -24.9% #2 15 -19.0% #3 3 -10.1% 0.76% #1 5 -62.0% #1 11 -50.0% #2 23 -32.8% #3 28 -13.3%

INTRA 0.30% #2 22 -12.6% #1 27 -69.1% #2 40 39.4% #3 5 -21.4% INTRA 1.01% #2 34 44.4% #1 33 37.3% #2 13 20.2% #3 27 13.7%

INTER -0.82% #3 23 -12.5% #1 14 -71.7% #2 1 -16.2% #3 4 10.5% INTER -0.26% #3 35 -29.7% #1 27 -20.4% #2 33 -18.2% #3 35 -10.9%

-0.23% #1 5 -27.5% #1 40 -21.5% #2 11 -14.6% #3 12 -12.9% 0.34% #1 34 460.1% #1 13 32.9% #2 14 19.5% #3 27 16.7%

INTRA 0.67% #2 12 -22.8% #1 14 -19.1% #2 24 -11.9% #3 27 -7.7% INTRA 0.37% #2 35 -347.2% #1 27 -16.4% #2 33 -13.0% #3 35 -13.0%

INTER -0.90% #3 1 -8.2% #1 12 -13.3% #2 11 -11.4% #3 1 -10.1% INTER -0.03% #3 3 -153.7% #1 34 -72.7% #2 31 -8.3% #3 11 -5.7%

-0.32% #1 20 72.5% #1 14 33.1% #2 45 12.6% #3 39 8.6% -0.16% #1 12 -46.2% #1 27 -20.2% #2 36 -14.5% #3 28 -12.1%

INTRA 0.18% #2 5 -66.9% #1 11 -24.3% #2 8 -18.2% #3 23 -15.2% INTRA 0.50% #2 5 -17.9% #1 38 -53.8% #2 19 -12.3% #3 20 7.1%

INTER -0.50% #3 35 -22.7% #1 8 -49.2% #2 11 -15.3% #3 12 -11.3% INTER -0.66% #3 19 -14.9% #1 36 -22.7% #2 27 -22.0% #3 28 -21.2%

0.24% #1 5 -27.6% #1 40 -22.1% #2 11 -15.7% #3 23 -12.6% 0.12% #1 20 321.5% #1 12 45.7% #2 14 24.9% #3 27 10.8%

INTRA 0.98% #2 19 -19.5% #1 14 61.4% #2 11 -32.2% #3 27 -29.3% INTRA 0.16% #2 26 -171.9% #1 38 -29.1% #2 27 -26.1% #3 36 -8.0%

INTER -0.74% #3 18 -14.6% #1 11 -40.0% #2 40 -17.4% #3 12 -16.7% INTER -0.04% #3 19 164.7% #1 35 220.9% #2 27 -48.0% #3 12 -22.4%

0.03% #1 23 -32.8% #1 14 -80.8% #2 10 -4.9% #3 12 -4.4% -1.20% #1 12 -56.2% #1 5 -28.2% #2 40 -17.8% #3 31 -10.8%

INTRA 0.50% #2 19 -24.4% #1 10 -59.0% #2 12 -55.6% #3 14 41.1% INTRA -0.28% #2 11 -9.0% #1 27 -28.7% #2 40 23.2% #3 42 -15.5%

INTER -0.46% #3 5 -22.4% #1 12 -19.0% #2 23 -16.5% #3 8 -13.3% INTER -0.92% #3 26 -8.2% #1 34 -14.5% #2 40 -13.1% #3 38 -10.4%

-0.49% #1 12 -33.9% #1 11 -32.7% #2 28 -27.4% #3 9 -7.1% 1.30% #1 11 -21.0% #1 27 -15.2% #2 39 -14.3% #3 38 -13.4%

INTRA 0.56% #2 23 -12.8% #1 14 -81.5% #2 1 -11.6% #3 28 4.1% INTRA 1.70% #2 5 -17.2% #1 38 -38.5% #2 23 -31.7% #3 24 -18.0%

INTER -1.05% #3 5 -10.7% #1 13 -33.8% #2 8 -17.9% #3 11 -15.3% INTER -0.40% #3 34 15.5% #1 38 33.3% #2 13 20.7% #3 27 20.3%

0.28% #1 23 -197.2% #1 14 -100.6% #2 11 12.3% #3 12 -3.5% -0.03% #1 12 -80.3% #1 28 -43.0% #2 34 -14.3% #3 40 -12.1%

INTRA 0.05% #2 27 184.2% #1 14 9.0% #2 12 7.7% #3 22 7.3% INTRA 0.39% #2 20 46.7% #1 33 32.3% #2 27 21.2% #3 14 6.6%

INTER 0.23% #3 24 126.7% #1 14 12.6% #2 11 10.2% #3 12 5.3% INTER -0.42% #3 5 -34.7% #1 38 -44.9% #2 39 -16.0% #3 23 -13.3%

1.08% #1 12 -52.7% #1 22 -18.7% #2 11 -16.4% #3 7 -13.0% 0.28% #1 12 -35.4% #1 36 -17.3% #2 27 -15.8% #3 33 -15.3%

INTRA 1.60% #2 20 37.7% #1 12 27.0% #2 20 8.2% #3 8 7.4% INTRA 0.88% #2 34 21.9% #1 13 28.5% #2 36 23.9% #3 14 15.6%

INTER -0.52% #3 19 -25.7% #1 11 -19.5% #2 46 13.0% #3 10 -12.6% INTER -0.60% #3 26 -14.4% #1 27 -18.8% #2 28 -12.1% #3 34 -10.0%

-0.12% #1 20 24.6% #1 14 57.2% #2 12 17.7% #3 8 5.6% 0.95% #1 34 56.7% #1 38 75.9% #2 13 7.3% #3 36 6.2%

INTRA 0.42% #2 35 -22.3% #1 8 -26.4% #2 12 -15.4% #3 11 -13.0% INTRA 1.17% #2 35 -55.0% #1 27 -20.5% #2 33 -9.5% #3 38 -8.4%

INTER -0.55% #3 5 -22.2% #1 11 -26.6% #2 23 -11.6% #3 1 -10.2% INTER -0.22% #3 4 -31.5% #1 24 -87.6% #2 23 -6.6% #3 20 4.9%

0.16% #1 12 -15.3% #1 24 -16.1% #2 14 -11.5% #3 6 -10.8% 0.43% #1 23 -43.0% #1 14 -36.5% #2 44 -34.9% #3 45 -20.4%

INTRA 0.67% #2 35 -14.9% #1 27 -12.1% #2 8 -10.3% #3 14 -10.3% INTRA 0.74% #2 34 24.2% #1 13 33.7% #2 44 20.0% #3 14 18.3%

INTER -0.51% #3 23 -12.5% #1 17 -46.4% #2 14 -26.0% #3 28 9.0% INTER -0.31% #3 5 -22.0% #1 42 -43.2% #2 44 -38.1% #3 26 17.5%

0.70% #1 35 -31.4% #1 27 -20.7% #2 8 -8.2% #3 40 -8.1% 0.11% #1 5 -67.5% #1 42 -33.6% #2 44 -14.6% #3 38 -11.5%

INTRA 1.18% #2 20 30.5% #1 27 20.8% #2 46 17.9% #3 30 16.7% INTRA 0.39% #2 34 29.7% #1 13 33.5% #2 14 24.3% #3 27 12.9%

INTER -0.47% #3 5 -26.3% #1 16 -88.3% #2 40 -5.0% #3 18 5.0% INTER -0.28% #3 1 -25.1% #1 34 -38.7% #2 40 35.7% #3 46 -12.3%

0.72% #1 22 -71.7% #1 27 -55.5% #2 17 -40.9% #3 40 31.6% 0.41% #1 20 266.8% #1 26 65.2% #2 40 20.7% #3 41 1.9%

INTRA 0.90% #2 34 49.5% #1 25 52.3% #2 26 15.7% #3 13 9.1% INTRA 0.29% #2 35 -147.1% #1 40 -52.7% #2 35 -7.6% #3 27 -5.5%

INTER -0.17% #3 18 -35.7% #1 25 -40.6% #2 38 -11.3% #3 17 -10.9% INTER 0.12% #3 22 99.0% #1 40 151.6% #2 43 -25.9% #3 45 -22.7%

-0.17% #1 35 -26.8% #1 8 -20.0% #2 14 -18.1% #3 12 -14.7% -0.88% #1 20 44.0% #1 14 13.8% #2 27 10.7% #3 1 9.6%

INTRA 0.48% #2 18 -18.6% #1 11 -43.7% #2 14 26.2% #3 40 -21.5% INTRA -0.52% #2 5 -31.4% #1 29 -48.8% #2 44 -13.4% #3 30 -11.3%

INTER -0.65% #3 5 -18.2% #1 5 -26.7% #2 11 -18.9% #3 23 -17.1% INTER -0.36% #3 35 -29.7% #1 40 -60.8% #2 35 -9.0% #3 27 -4.2%

-1.41% #1 35 -43.1% #1 8 -15.9% #2 14 -15.3% #3 12 -14.5% -0.66% #1 12 -54.0% #1 45 -45.5% #2 40 -19.8% #3 31 -15.6%

INTRA -0.40% #2 5 -15.0% #1 6 -19.0% #2 15 -15.8% #3 40 -12.6% INTRA -0.02% #2 35 -20.9% #1 40 -57.9% #2 35 -8.4% #3 27 -3.9%

INTER -1.01% #3 18 -14.2% #1 28 -34.3% #2 14 22.7% #3 23 -17.8% INTER -0.64% #3 15 16.6% #1 26 19.1% #2 14 14.4% #3 46 10.9%

0.55% #1 20 330.5% #1 28 34.2% #2 23 12.8% #3 35 12.5% -0.02% #1 5 -43.9% #1 47 -18.3% #2 31 -13.6% #3 42 -12.0%

INTRA 0.43% #2 34 52.0% #1 13 25.7% #2 20 19.8% #3 25 14.4% INTRA 0.45% #2 1 -34.4% #1 47 -17.2% #2 24 -10.6% #3 23 -9.3%

INTER 0.12% #3 5 -46.7% #1 23 -43.5% #2 5 -14.6% #3 24 -9.2% INTER -0.47% #3 35 -26.0% #1 40 -64.9% #2 43 -5.2% #3 27 -4.6%

-0.39% #1 20 58.0% #1 11 28.2% #2 14 13.2% #3 23 11.0% -1.11% #1 5 -33.9% #1 32 -52.9% #2 40 -30.1% #3 36 -11.3%

INTRA 0.15% #2 5 -47.4% #1 23 -37.3% #2 8 -14.6% #3 11 -10.8% INTRA -0.32% #2 35 -26.9% #1 40 -49.1% #2 27 -7.4% #3 35 -6.3%

INTER -0.54% #3 23 -36.0% #1 14 -79.8% #2 23 -11.9% #3 17 -3.1% INTER -0.79% #3 23 -14.8% #1 45 -48.9% #2 14 -13.0% #3 44 -11.3%

0.17% #1 20 64.8% #1 1 12.3% #2 14 11.9% #3 27 8.7% -0.52% #1 35 -48.6% #1 40 -15.4% #2 8 -12.7% #3 27 -11.6%

INTRA 0.41% #2 19 -46.6% #1 24 41.8% #2 14 34.0% #3 1 -25.7% INTRA -0.08% #2 34 45.3% #1 14 36.4% #2 13 34.4% #3 12 9.8%

INTER -0.24% #3 23 -29.9% #1 14 -46.2% #2 17 -13.7% #3 22 -11.6% INTER -0.44% #3 26 -33.9% #1 27 -27.1% #2 24 -15.1% #3 13 -11.5%

-0.13% #1 18 -21.7% #1 28 -25.0% #2 23 -17.1% #3 40 -15.9%

INTRA 0.54% #2 12 -14.0% #1 23 -65.3% #2 20 49.3% #3 21 -37.8%

INTER -0.67% #3 23 -12.6% #1 23 -40.6% #2 14 -38.0% #3 28 4.9%
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Figure 16: Correlation of Intra- and Inter-prefectural Impacts (Recent Population Aging) 

 

Figure 17: Geographical Relationship of Intra- and Inter-prefectural Impacts (Recent Population aging)  
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Chapter 9. Economic Impact Analysis (EIA) 

9.1. Projected Future Scenarios 

The ∆𝐻 derived from the long-run projection of the prefectural populations by NIPSSR 

can illustrate to what degree each prefecture could be influenced in the future. In this section, 

the base year is 2011 (= 𝑡) and the projected time period was 2045. 

 

9.1.1. Input Values of Depopulation in the Projected Future 

Depopulation in one prefecture here means all generations in the prefecture are equally 

depopulated by the negative rates of prefectural population growth. Under my assumption 

(equation 2), the total household consumption completely reflects the population. Here, I also 

assume that the proportions of expenditures on industries within the total household 

consumption is stable. Therefore, ∆𝐻𝑖
𝑟 is estimated by the formula below. (I omitted 𝑟 from 

the right-hand side, just for simplification). 

∆𝐻𝑖
𝑟 = [∆ 𝑖𝑛 𝑡𝑜𝑡𝑎𝑙 𝐻𝐻 𝑐𝑜𝑛𝑠. ] ∙

[𝑡𝑜𝑡𝑎𝑙 𝐻𝐻 𝑐𝑜𝑛𝑠. ]𝑖
𝑡

[𝑡𝑜𝑡𝑎𝑙 𝐻𝐻 𝑐𝑜𝑛𝑠. ]𝑡
 

          = 𝑘 ∙ [∆ 𝑖𝑛 𝑡𝑜𝑡𝑎𝑙 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛] ∙
[𝑡𝑜𝑡𝑎𝑙 𝐻𝐻 𝑐𝑜𝑛𝑠. ]𝑖

𝑡

[𝑡𝑜𝑡𝑎𝑙 𝐻𝐻 𝑐𝑜𝑛𝑠. ]𝑡
 

          =
[𝑡𝑜𝑡𝑎𝑙 𝐻𝐻 𝑐𝑜𝑛𝑠. ]𝑡

[𝑡𝑜𝑡𝑎𝑙 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛]𝑡
∙ [∆ 𝑖𝑛 𝑡𝑜𝑡𝑎𝑙 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛] ∙

[𝑡𝑜𝑡𝑎𝑙 𝐻𝐻 𝑐𝑜𝑛𝑠. ]𝑖
𝑡

[𝑡𝑜𝑡𝑎𝑙 𝐻𝐻 𝑐𝑜𝑛𝑠. ]𝑡
 

 

          =
[∆ 𝑖𝑛 𝑡𝑜𝑡𝑎𝑙 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛]

[𝑡𝑜𝑡𝑎𝑙 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛]𝑡
∙ [𝑡𝑜𝑡𝑎𝑙 𝐻𝐻 𝑐𝑜𝑛𝑠. ]𝑖

𝑡 (10) 

 

9.1.2. Input Values of Population Aging in the Projected Future 

Unlike depopulation, which derives from the uniform change across the households, the 

change in the population aging rate is due to the shift of the balance between two age groups 
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(Young: 64 years old or less, and Old: 65 years old or more). As we saw in equation 3, a 1% 

increase in the population aging rate leads to a 1.317% increase in the household aging rate, 

at least during the focused term. I assumed this rate holds in the future, and then I could 

estimate the input values of population aging in the future by the following procedure. In order 

to separate the effects of depopulation and population aging from each other, I also assumed 

that the total household numbers will not change, and that the shares of industry expenditures 

within the by-age household consumptions are stable for the population aging effect. 

∆𝐻𝑖
𝑟 = [∆ 𝑖𝑛 𝑜𝑙𝑑 𝐻𝐻 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛]𝑖 + [∆ 𝑖𝑛 𝑦𝑜𝑢𝑛𝑔 𝐻𝐻 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛]𝑖 

= [∆ 𝑖𝑛 #𝑜𝑓 𝑜𝑙𝑑 𝐻𝐻] ∙
[𝑜𝑙𝑑 𝐻𝐻 𝑐𝑜𝑛𝑠. ]𝑖

𝑡

[#𝑜𝑓 𝑜𝑙𝑑 𝐻𝐻]𝑡
 

             +[∆ 𝑖𝑛 #𝑜𝑓 𝑦𝑜𝑢𝑛𝑔 𝐻𝐻] ∙
[𝑦𝑜𝑢𝑛𝑔 𝐻𝐻 𝑐𝑜𝑛𝑠. ]𝑖

𝑡

[#𝑜𝑓 𝑦𝑜𝑢𝑛𝑔 𝐻𝐻]𝑡
 

= {(1.317) ∙ [∆ 𝑖𝑛 𝑝𝑜𝑝. 𝑎𝑔𝑖𝑛𝑔 𝑟𝑎𝑡𝑒] ∙ [#𝑜𝑓 𝑡𝑜𝑡𝑎𝑙 𝐻𝐻]𝑡} ∙
[𝑜𝑙𝑑 𝐻𝐻 𝑐𝑜𝑛𝑠. ]𝑖

𝑡

[#𝑜𝑓 𝑜𝑙𝑑 𝐻𝐻]𝑡
 

−{(1.317) ∙ [∆ 𝑖𝑛 𝑝𝑜𝑝. 𝑎𝑔𝑖𝑛𝑔 𝑟𝑎𝑡𝑒] ∙ [#𝑜𝑓 𝑡𝑜𝑡𝑎𝑙 𝐻𝐻]𝑡} ∙
[𝑦𝑜𝑢𝑛𝑔 𝐻𝐻 𝑐𝑜𝑛𝑠. ]𝑖

𝑡

[#𝑜𝑓 𝑦𝑜𝑢𝑛𝑔 𝐻𝐻]𝑡
 

 

= (1.317) ∙ [∆ 𝑖𝑛 𝑝𝑜𝑝. 𝑎𝑔𝑖𝑛𝑔 𝑟𝑎𝑡𝑒] ∙ [#𝑜𝑓 𝑡𝑜𝑡𝑎𝑙 𝐻𝐻]𝑡 

                                              ∙ {
[𝑜𝑙𝑑 𝐻𝐻 𝑐𝑜𝑛𝑠. ]𝑖

𝑡

[#𝑜𝑓 𝑜𝑙𝑑 𝐻𝐻]𝑡
−
[𝑦𝑜𝑢𝑛𝑔 𝐻𝐻 𝑐𝑜𝑛𝑠. ]𝑖

𝑡

[#𝑜𝑓 𝑦𝑜𝑢𝑛𝑔 𝐻𝐻]𝑡
} 

(11) 

 

9.2. Results of Projected Future Scenarios 

9.2.1. Results of Projected Depopulation 

Table 9 shows the results of the shock of projected depopulation by the year of 2045. 

Total impacts broadly range between -1.11% in Okinawa prefecture (47) and -16.40% in Akita 

prefecture (5), which might have been expected given the previous discussion of trends in 



78 

Chapter 2.  

There is a variation of the balances between two factors, the intra- and inter-prefectural 

population aging. The relationships are also illustrated in Figure 18. Both impacts show the 

same negative directions in most prefectures except for Tokyo (13) and Okinawa (47). 

Compared to the intra-prefectural impacts, inter-prefectural impacts are more homogeneous 

without strong outliers. The magnitude of the inter-prefectural impact ranges around from -

4.0% to -1.5%, which rose up significantly from the level in the case of SDA. Also, the ranges 

of intra- and inter-prefectural effects are closer than SDA. 

In Table 9, the overall three most frequently affected industries across prefectures are 

“Food and drink (5)” [36 times], “Commerce (23)” [21 times] and “Machinery and 

manufacturing industrial products (18)” [18 times].  

The overall three most frequently affecting prefectures are Osaka (27) [58 times], 

Hyogo (28) [36 times] and Hokkaido (32) [32 times] prefectures. The first two prefectures are 

metropolitan prefectures, while Hokkaido is the agricultural one, exporting a large amount of 

foods and beverages. 

In Figure 19, although the negative intra-prefectural impacts are stronger in the rural 

prefectures, the negative inter-prefectural impacts are prominent in the prefectures 

comparably closer to the metropolitan prefectures. In the path map, the negative effects can 

be seen from all of the prefectures, relatively from their neighbor prefectures than from their 

distant prefectures. The exception is Hokkaido (1), which provokes a nationwide negative 

impact. 
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Table 9: EIA Results of Projected Depopulation 

 

-12.18% #1 5 -20.9% #1 14 -8.9% #2 10 -8.9% #3 27 -8.8% -4.83% #1 18 -17.6% #1 27 -11.7% #2 28 -6.4% #3 1 -6.0%

INTRA -10.05% #2 1 -14.7% #1 14 -9.7% #2 27 -7.3% #3 22 -6.3% INTRA -2.01% #2 19 -11.5% #1 27 -15.8% #2 24 -11.6% #3 26 -6.3%

INTER -2.13% #3 23 -14.1% #1 27 -12.3% #2 2 -11.7% #3 5 -8.1% INTER -2.82% #3 5 -11.1% #1 27 -20.8% #2 26 -15.4% #3 28 -12.3%

-13.60% #1 23 -22.2% #1 1 -42.6% #2 5 -12.3% #3 4 -8.2% -8.95% #1 5 -26.2% #1 27 -30.2% #2 28 -13.0% #3 29 -6.7%

INTRA -10.49% #2 5 -16.3% #1 3 -19.2% #2 1 -11.7% #3 5 -10.1% INTRA -5.73% #2 23 -15.6% #1 27 -28.9% #2 28 -16.8% #3 29 -9.5%

INTER -3.11% #3 1 -11.6% #1 12 -12.9% #2 1 -11.7% #3 14 -9.8% INTER -3.23% #3 26 -5.9% #1 27 -21.3% #2 28 -16.1% #3 29 -11.1%

-12.48% #1 5 -18.5% #1 5 -24.0% #2 2 -11.4% #3 4 -10.0% -7.84% #1 23 -33.3% #1 28 -24.8% #2 26 -8.8% #3 29 -6.2%

INTRA -9.81% #2 23 -15.5% #1 4 -28.8% #2 2 -25.7% #3 5 -11.4% INTRA -4.64% #2 32 -12.9% #1 28 -16.8% #2 29 -10.0% #3 26 -7.2%

INTER -2.67% #3 1 -13.2% #1 5 -15.3% #2 4 -11.6% #3 2 -8.6% INTER -3.20% #3 26 -6.6% #1 28 -19.8% #2 26 -11.0% #3 30 -6.6%

-10.88% #1 23 -34.8% #1 7 -21.2% #2 6 -15.9% #3 3 -15.5% -7.42% #1 5 -17.0% #1 27 -22.8% #2 14 -10.9% #3 34 -6.5%

INTRA -7.02% #2 5 -15.9% #1 7 -21.5% #2 2 -15.3% #3 3 -14.5% INTRA -4.55% #2 23 -16.8% #1 27 -37.3% #2 26 -5.6% #3 37 -4.7%

INTER -3.86% #3 32 -9.7% #1 7 -23.4% #2 2 -12.8% #3 6 -11.8% INTER -2.86% #3 18 -9.6% #1 27 -25.2% #2 26 -6.9% #3 38 -4.7%

-16.40% #1 23 -13.4% #1 2 -23.3% #2 4 -17.5% #3 6 -16.2% -12.19% #1 5 -16.7% #1 15 -60.5% #2 16 -8.1% #3 14 -3.1%

INTRA -13.96% #2 1 -11.7% #1 2 -10.1% #2 27 -8.6% #3 33 -7.3% INTRA -9.83% #2 23 -9.2% #1 28 -28.9% #2 27 -21.7% #3 26 -6.1%

INTER -2.44% #3 22 -11.6% #1 27 -12.7% #2 7 -11.5% #3 4 -9.8% INTER -2.36% #3 18 -8.6% #1 27 -14.7% #2 22 -12.0% #3 28 -7.8%

-11.73% #1 5 -18.0% #1 22 -25.7% #2 27 -9.4% #3 8 -8.1% -10.25% #1 12 -22.2% #1 26 -15.5% #2 27 -10.9% #3 14 -10.5%

INTRA -8.82% #2 18 -15.4% #1 5 -22.3% #2 14 -9.0% #3 8 -6.2% INTRA -7.91% #2 11 -9.5% #1 46 -13.1% #2 27 -10.0% #3 28 -9.0%

INTER -2.91% #3 1 -11.4% #1 28 -13.6% #2 8 -9.7% #3 15 -9.7% INTER -2.33% #3 5 -9.2% #1 27 -23.3% #2 16 -13.8% #3 28 -9.2%

-11.55% #1 22 -17.9% #1 4 -17.8% #2 2 -11.6% #3 15 -11.3% -9.54% #1 5 -19.1% #1 28 -37.6% #2 11 -13.9% #3 18 -10.0%

INTRA -8.32% #2 5 -13.4% #1 15 -15.1% #2 4 -11.3% #3 3 -11.1% INTRA -7.36% #2 18 -9.6% #1 32 -21.8% #2 27 -14.6% #3 28 -10.0%

INTER -3.23% #3 18 -11.4% #1 24 -12.8% #2 1 -9.6% #3 14 -8.6% INTER -2.18% #3 1 -7.4% #1 33 -14.1% #2 28 -13.4% #3 32 -12.8%

-7.73% #1 5 -26.2% #1 9 -12.0% #2 12 -9.0% #3 11 -7.0% -9.30% #1 22 -13.3% #1 33 -33.5% #2 34 -26.9% #3 31 -8.2%

INTRA -5.13% #2 11 -10.1% #1 1 -9.0% #2 14 -6.8% #3 15 -5.9% INTRA -7.32% #2 32 -10.5% #1 31 -14.7% #2 34 -8.7% #3 33 -8.5%

INTER -2.59% #3 18 -8.7% #1 14 -13.7% #2 7 -8.6% #3 12 -7.8% INTER -1.98% #3 18 -8.2% #1 34 -20.4% #2 11 -9.5% #3 31 -9.2%

-8.13% #1 5 -26.9% #1 11 -12.0% #2 8 -10.3% #3 46 -7.2% -6.90% #1 12 -22.9% #1 1 -25.9% #2 27 -10.1% #3 46 -10.1%

INTRA -5.03% #2 18 -12.6% #1 8 -12.7% #2 14 -12.1% #3 12 -9.4% INTRA -3.50% #2 5 -14.6% #1 38 -24.4% #2 37 -6.9% #3 30 -5.6%

INTER -3.10% #3 1 -6.7% #1 7 -23.7% #2 27 -12.5% #3 28 -6.4% INTER -3.40% #3 11 -8.1% #1 27 -9.3% #2 28 -8.8% #3 32 -6.8%

-8.16% #1 5 -24.5% #1 22 -10.2% #2 7 -10.0% #3 1 -7.8% -6.21% #1 19 -14.0% #1 35 -33.0% #2 27 -15.4% #3 28 -6.7%

INTRA -5.26% #2 19 -17.5% #1 27 -9.5% #2 20 -9.1% #3 14 -7.9% INTRA -4.01% #2 23 -13.3% #1 27 -19.9% #2 38 -15.4% #3 35 -12.0%

INTER -2.90% #3 18 -9.8% #1 8 -9.8% #2 11 -9.5% #3 9 -9.4% INTER -2.20% #3 5 -11.4% #1 35 -13.0% #2 20 -12.3% #3 29 -9.6%

-5.34% #1 5 -17.0% #1 12 -13.8% #2 14 -9.5% #3 1 -8.0% -8.89% #1 12 -35.3% #1 5 -17.1% #2 46 -8.8% #3 15 -8.4%

INTRA -3.31% #2 23 -8.7% #1 8 -8.8% #2 10 -7.5% #3 20 -7.1% INTRA -5.88% #2 11 -13.8% #1 34 -11.0% #2 27 -7.8% #3 46 -6.1%

INTER -2.03% #3 11 -8.0% #1 1 -9.0% #2 14 -6.3% #3 27 -6.0% INTER -3.01% #3 26 -6.0% #1 38 -10.2% #2 34 -9.2% #3 46 -8.7%

-5.31% #1 12 -15.0% #1 11 -14.1% #2 28 -9.5% #3 10 -8.1% -10.55% #1 11 -17.0% #1 28 -12.8% #2 39 -9.7% #3 29 -6.2%

INTRA -2.91% #2 5 -13.0% #1 14 -34.1% #2 8 -9.2% #3 1 -8.3% INTRA -7.56% #2 5 -14.9% #1 27 -18.3% #2 37 -11.3% #3 43 -10.6%

INTER -2.40% #3 22 -11.2% #1 14 -21.6% #2 11 -14.0% #3 9 -10.4% INTER -2.99% #3 22 -12.5% #1 39 -31.2% #2 37 -28.5% #3 38 -20.9%

-2.50% #1 23 -24.5% #1 8 -8.2% #2 4 -7.7% #3 11 -6.9% -9.58% #1 5 -16.2% #1 38 -22.8% #2 39 -20.2% #3 36 -10.2%

INTRA 0.60% #2 27 -21.9% #1 1 -6.7% #2 14 -6.6% #3 11 -5.5% INTRA -6.61% #2 12 -14.7% #1 34 -29.0% #2 28 -14.0% #3 33 -5.7%

INTER -3.11% #3 32 -20.8% #1 14 -7.5% #2 11 -6.7% #3 8 -5.7% INTER -2.97% #3 23 -10.4% #1 27 -11.7% #2 38 -11.4% #3 34 -10.8%

-5.21% #1 12 -15.4% #1 2 -13.1% #2 7 -11.2% #3 22 -10.0% -10.14% #1 5 -11.6% #1 39 -27.1% #2 37 -11.8% #3 27 -10.4%

INTRA -2.39% #2 23 -14.6% #1 1 -12.5% #2 22 -10.9% #3 2 -10.0% INTRA -6.95% #2 9 -10.6% #1 39 -10.1% #2 27 -8.1% #3 28 -4.7%

INTER -2.82% #3 5 -12.5% #1 1 -16.4% #2 22 -12.6% #3 4 -9.8% INTER -3.19% #3 12 -9.4% #1 27 -13.1% #2 33 -10.8% #3 34 -8.2%

-11.15% #1 5 -16.6% #1 27 -11.1% #2 1 -9.8% #3 11 -8.9% -15.05% #1 34 -13.2% #1 38 -65.2% #2 36 -26.6% #3 14 -3.7%

INTRA -8.21% #2 22 -15.4% #1 7 -19.0% #2 4 -14.1% #3 2 -9.3% INTRA -12.91% #2 1 -12.1% #1 27 -40.3% #2 28 -12.5% #3 26 -5.8%

INTER -2.94% #3 23 -10.8% #1 27 -15.5% #2 24 -7.5% #3 16 -7.4% INTER -2.13% #3 27 -9.5% #1 38 -19.4% #2 36 -7.4% #3 27 -6.4%

-8.52% #1 11 -16.4% #1 1 -11.6% #2 27 -7.7% #3 3 -5.6% -6.08% #1 23 -30.3% #1 28 -10.2% #2 46 -10.0% #3 27 -9.6%

INTRA -6.32% #2 18 -11.2% #1 37 -13.5% #2 1 -12.1% #3 27 -6.9% INTRA -2.34% #2 5 -14.7% #1 43 -14.7% #2 46 -12.3% #3 44 -11.7%

INTER -2.20% #3 5 -8.2% #1 2 -22.7% #2 3 -15.7% #3 1 -7.5% INTER -3.74% #3 32 -8.7% #1 44 -14.3% #2 46 -9.8% #3 43 -9.1%

-7.14% #1 23 -15.7% #1 16 -35.8% #2 18 -11.7% #3 27 -8.8% -8.48% #1 5 -31.4% #1 42 -12.5% #2 46 -12.3% #3 43 -10.2%

INTRA -4.59% #2 18 -13.2% #1 18 -11.2% #2 28 -10.8% #3 16 -10.2% INTRA -5.94% #2 1 -10.9% #1 1 -10.5% #2 40 -9.9% #3 46 -7.8%

INTER -2.55% #3 32 -9.5% #1 16 -20.3% #2 18 -18.3% #3 27 -6.6% INTER -2.54% #3 32 -7.0% #1 42 -13.8% #2 40 -8.8% #3 46 -5.4%

-8.50% #1 22 -30.8% #1 27 -22.2% #2 28 -8.7% #3 16 -7.4% -11.34% #1 5 -17.5% #1 28 -39.9% #2 27 -6.4% #3 41 -6.3%

INTRA -6.13% #2 11 -8.8% #1 17 -19.5% #2 28 -10.2% #3 22 -9.5% INTRA -9.07% #2 22 -14.5% #1 40 -28.3% #2 43 -15.6% #3 45 -13.6%

INTER -2.37% #3 32 -8.4% #1 27 -14.6% #2 17 -8.7% #3 28 -7.2% INTER -2.26% #3 1 -7.5% #1 28 -15.1% #2 40 -9.4% #3 27 -8.0%

-8.96% #1 5 -20.6% #1 5 -29.9% #2 22 -9.9% #3 11 -6.4% -7.38% #1 5 -19.4% #1 29 -24.7% #2 45 -17.4% #3 46 -12.1%

INTRA -6.35% #2 18 -14.4% #1 14 -9.7% #2 11 -9.6% #3 22 -9.5% INTRA -5.90% #2 1 -13.2% #1 40 -13.2% #2 46 -11.2% #3 45 -6.2%

INTER -2.61% #3 23 -8.2% #1 22 -18.9% #2 20 -14.3% #3 31 -5.2% INTER -1.48% #3 18 -9.8% #1 46 -30.6% #2 24 -7.1% #3 27 -5.9%

-9.71% #1 5 -22.5% #1 6 -17.6% #2 15 -14.9% #3 7 -7.1% -7.84% #1 12 -13.4% #1 45 -13.8% #2 15 -9.7% #3 40 -9.2%

INTRA -7.03% #2 18 -11.4% #1 14 -10.0% #2 28 -7.9% #3 23 -7.7% INTRA -4.49% #2 33 -11.9% #1 28 -20.3% #2 38 -13.8% #3 1 -7.2%

INTER -2.68% #3 23 -10.6% #1 19 -10.1% #2 15 -7.9% #3 27 -7.4% INTER -3.35% #3 11 -10.8% #1 1 -46.3% #2 46 -12.2% #3 27 -10.3%

-8.84% #1 5 -14.0% #1 5 -15.2% #2 7 -13.6% #3 2 -10.6% -10.87% #1 5 -28.0% #1 28 -13.1% #2 46 -10.0% #3 31 -8.6%

INTRA -6.62% #2 18 -9.2% #1 1 -11.6% #2 23 -11.2% #3 39 -7.0% INTRA -8.48% #2 1 -16.3% #1 27 -12.2% #2 46 -10.2% #3 28 -10.0%

INTER -2.23% #3 19 -6.9% #1 1 -10.2% #2 24 -10.1% #3 22 -8.9% INTER -2.39% #3 32 -7.0% #1 46 -16.6% #2 43 -7.4% #3 44 -6.7%

-7.71% #1 5 -24.9% #1 27 -16.4% #2 14 -9.9% #3 1 -8.9% -12.70% #1 5 -33.9% #1 35 -20.7% #2 32 -17.8% #3 33 -10.7%

INTRA -4.56% #2 19 -9.6% #1 24 -19.9% #2 14 -13.1% #3 27 -6.1% INTRA -9.28% #2 1 -14.9% #1 35 -16.7% #2 45 -11.2% #3 32 -10.4%

INTER -3.14% #3 18 -9.5% #1 1 -11.3% #2 14 -10.6% #3 27 -7.2% INTER -3.42% #3 23 -8.9% #1 40 -24.7% #2 45 -8.3% #3 38 -7.5%

-4.22% #1 19 -20.0% #1 1 -11.4% #2 24 -10.5% #3 15 -7.2% -1.11% #1 26 -29.7% #1 7 -16.3% #2 1 -14.8% #3 27 -10.6%

INTRA -1.77% #2 23 -15.6% #1 21 -13.9% #2 24 -10.4% #3 22 -9.9% INTRA 0.67% #2 32 -10.4% #1 1 -8.1% #2 27 -8.1% #3 14 -7.2%

INTER -2.45% #3 5 -12.0% #1 1 -16.4% #2 21 -13.2% #3 22 -8.7% INTER -1.78% #3 35 -8.8% #1 27 -14.0% #2 14 -12.2% #3 1 -9.8%

-7.19% #1 19 -15.1% #1 15 -16.5% #2 27 -8.6% #3 26 -7.1%

INTRA -4.45% #2 18 -12.4% #1 23 -9.0% #2 1 -8.2% #3 28 -7.1%

INTER -2.74% #3 11 -10.0% #1 1 -9.9% #2 20 -8.2% #3 23 -7.1%
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Figure 18: Correlation of Intra- and Inter-prefectural Impacts (Projected Depopulation) 

 

Figure 19: Geographical Relationship of Intra- and Inter-prefectural Impacts (Proj. Depopulation) 
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9.2.2. Results of Projected Population Aging 

Table 10 shows the results of the shock of projected population aging by the year of 

2045. In the column of “Total Impact,” the percentage change in total output (
∆𝑋𝑟

𝑋𝑟
) ranged 

between -1.39% and -0.67%, a relatively small variance across prefectures. Also, their 

magnitude is smaller than the magnitude of depopulation by 1%. 

There is a variation of the balances between two factors, the intra- and inter-prefectural 

population aging. The relationships are also illustrated in Figure 20. Both impacts show the 

same negative directions in each prefecture. The magnitude of the inter-prefectural impact (-

0.6% to -0.2%) seems to be similar to the magnitude of the intra-prefectural impact (-1.0% to 

-0.2%). 

In Table 10, the overall three most frequently affected industries across prefectures are 

“Education (29)” [29 times], “Car (19)” [18 times] and “Machinery and manufacturing 

industrial products (18)” [17 times].  

The overall three most frequently affecting prefectures are Kanagawa (14) [101 times], 

Saitama (11) [53 times] and Osaka (27) [27 times]. 

In Figure 21, although the negative intra-prefectural impacts are stronger in the eastern 

rural prefectures, the negative inter-prefectural impacts are prominent in the prefectures closer 

to the metropolitan prefectures. In the path map, we can find nationwide negative effects from 

the metropolitan prefectures. 
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Table 10: EIA Results of Projected Population Aging 

 

-1.16% #1 23 -14.1% #1 27 -11.5% #2 13 -10.1% #3 12 -8.0% -0.98% #1 19 -21.6% #1 27 -18.6% #2 24 -11.1% #3 28 -7.5%

INTRA -0.89% #2 26 -10.5% #1 14 -17.6% #2 12 -11.7% #3 27 -6.6% INTRA -0.37% #2 29 -15.0% #1 14 -76.9% #2 11 -12.7% #3 27 -4.4%

INTER -0.27% #3 27 -10.3% #1 13 -15.1% #2 14 -11.1% #3 2 -9.6% INTER -0.61% #3 18 -14.9% #1 27 -11.7% #2 14 -7.2% #3 23 -6.7%

-1.16% #1 23 -18.3% #1 1 -38.7% #2 4 -9.2% #3 5 -8.3% -1.28% #1 34 -16.3% #1 14 -36.8% #2 13 -16.7% #3 28 -10.4%

INTRA -0.74% #2 29 -16.8% #1 14 -82.9% #2 11 -13.3% #3 12 -2.2% INTRA -0.73% #2 23 -12.7% #1 27 -27.5% #2 28 -16.9% #3 29 -6.8%

INTER -0.42% #3 27 -10.8% #1 4 -10.7% #2 1 -10.0% #3 5 -9.9% INTER -0.55% #3 29 -11.2% #1 14 -80.3% #2 11 -9.9% #3 27 -3.7%

-0.93% #1 19 -19.7% #1 23 -16.7% #2 8 -13.0% #3 4 -11.3% -1.13% #1 23 -29.4% #1 28 -26.0% #2 26 -8.4% #3 40 -6.9%

INTRA -0.57% #2 23 -13.2% #1 4 -32.4% #2 2 -18.3% #3 5 -6.6% INTRA -0.67% #2 32 -11.7% #1 28 -18.2% #2 14 -9.5% #3 26 -7.0%

INTER -0.36% #3 34 -8.4% #1 14 -32.9% #2 4 -32.7% #3 13 -16.8% INTER -0.46% #3 27 -8.6% #1 28 -27.0% #2 26 -8.4% #3 29 -7.8%

-1.39% #1 23 -28.9% #1 7 -20.5% #2 2 -13.9% #3 3 -12.8% -0.99% #1 23 -14.9% #1 27 -38.5% #2 23 -6.1% #3 26 -5.4%

INTRA -0.97% #2 27 -10.2% #1 7 -24.7% #2 2 -14.1% #3 5 -9.8% INTRA -0.58% #2 18 -11.0% #1 27 -26.7% #2 26 -6.9% #3 14 -5.7%

INTER -0.42% #3 32 -9.4% #1 7 -18.5% #2 14 -10.4% #3 2 -9.5% INTER -0.41% #3 20 -8.4% #1 27 -12.1% #2 38 -10.8% #3 37 -9.7%

-1.19% #1 7 -14.4% #1 4 -28.6% #2 11 -18.1% #3 1 -9.6% -1.32% #1 29 -17.6% #1 14 -65.1% #2 11 -17.2% #3 27 -12.3%

INTRA -0.87% #2 23 -11.4% #1 4 -21.2% #2 2 -15.7% #3 6 -10.5% INTRA -0.84% #2 19 -9.5% #1 28 -26.4% #2 27 -16.8% #3 14 -7.3%

INTER -0.32% #3 29 -9.1% #1 40 -69.4% #2 14 -21.7% #3 11 -5.8% INTER -0.48% #3 34 -9.4% #1 26 -33.9% #2 28 -16.5% #3 14 -15.2%

-0.85% #1 18 -20.3% #1 14 -20.7% #2 5 -11.7% #3 11 -6.4% -0.94% #1 12 -38.9% #1 14 -21.6% #2 26 -16.2% #3 23 -16.0%

INTRA -0.45% #2 29 -9.8% #1 14 -65.4% #2 40 -26.2% #3 11 -5.1% INTRA -0.49% #2 29 -14.9% #1 14 -52.5% #2 11 -20.9% #3 27 -15.7%

INTER -0.40% #3 7 -8.5% #1 11 -21.8% #2 14 -18.6% #3 3 -14.4% INTER -0.45% #3 15 -10.1% #1 27 -10.0% #2 14 -9.5% #3 23 -8.7%

-1.04% #1 18 -15.6% #1 14 -18.6% #2 24 -10.0% #3 11 -8.2% -1.00% #1 29 -29.6% #1 14 -80.7% #2 11 -10.7% #3 8 -5.4%

INTRA -0.57% #2 22 -12.0% #1 4 -20.4% #2 27 -9.0% #3 2 -8.7% INTRA -0.55% #2 34 -11.9% #1 28 -34.7% #2 33 -27.1% #3 14 -13.1%

INTER -0.47% #3 19 -11.2% #1 14 -28.5% #2 11 -20.4% #3 4 -4.7% INTER -0.45% #3 27 -10.2% #1 14 -9.7% #2 13 -9.2% #3 28 -7.5%

-0.85% #1 18 -15.0% #1 14 -24.9% #2 11 -9.4% #3 12 -8.9% -0.75% #1 29 -26.0% #1 14 -90.8% #2 11 -6.9% #3 13 -1.0%

INTRA -0.50% #2 12 -10.2% #1 14 -19.9% #2 24 -9.4% #3 23 -8.9% INTRA -0.32% #2 34 -12.0% #1 14 -40.5% #2 13 -19.2% #3 11 -6.7%

INTER -0.35% #3 5 -9.5% #1 14 -12.9% #2 11 -12.4% #3 12 -10.4% INTER -0.43% #3 27 -9.2% #1 14 -11.8% #2 31 -9.6% #3 13 -7.9%

-0.99% #1 19 -18.8% #1 14 -29.0% #2 7 -7.6% #3 11 -7.5% -0.97% #1 12 -33.0% #1 1 -28.9% #2 27 -13.7% #3 17 -10.1%

INTRA -0.51% #2 18 -17.4% #1 14 -23.7% #2 12 -11.5% #3 8 -9.0% INTRA -0.38% #2 19 -15.7% #1 28 -13.4% #2 27 -11.7% #3 12 -5.7%

INTER -0.48% #3 5 -8.3% #1 11 -20.7% #2 14 -12.8% #3 8 -7.7% INTER -0.59% #3 15 -6.9% #1 14 -10.6% #2 27 -8.1% #3 23 -6.7%

-1.10% #1 19 -39.1% #1 14 -18.8% #2 27 -9.9% #3 11 -9.6% -0.89% #1 19 -28.8% #1 35 -22.4% #2 27 -19.5% #3 28 -8.9%

INTRA -0.50% #2 18 -10.8% #1 11 -15.2% #2 14 -12.8% #3 12 -8.3% INTRA -0.48% #2 15 -9.4% #1 27 -12.6% #2 14 -8.8% #3 28 -7.9%

INTER -0.59% #3 29 -7.0% #1 11 -89.6% #2 14 -8.1% #3 12 -1.2% INTER -0.40% #3 23 -9.0% #1 27 -22.9% #2 38 -10.1% #3 35 -8.2%

-1.19% #1 19 -15.7% #1 12 -23.4% #2 14 -18.5% #3 10 -10.6% -0.92% #1 12 -46.5% #1 5 -15.6% #2 40 -11.6% #3 15 -8.2%

INTRA -0.80% #2 29 -11.4% #1 14 -77.1% #2 12 -12.8% #3 13 -9.2% INTRA -0.36% #2 19 -9.9% #1 34 -38.2% #2 27 -10.2% #3 40 -7.1%

INTER -0.38% #3 18 -8.2% #1 14 -17.9% #2 12 -8.9% #3 10 -8.7% INTER -0.56% #3 29 -7.0% #1 14 -76.0% #2 11 -16.8% #3 8 -3.4%

-0.90% #1 12 -30.0% #1 11 -29.0% #2 28 -8.9% #3 10 -7.3% -0.82% #1 29 -26.2% #1 14 -84.2% #2 11 -9.6% #3 8 -3.2%

INTRA -0.49% #2 22 -12.1% #1 14 -35.5% #2 11 -19.1% #3 13 -9.0% INTRA -0.45% #2 27 -10.2% #1 38 -9.1% #2 14 -8.4% #3 13 -8.1%

INTER -0.41% #3 26 -8.2% #1 14 -18.1% #2 11 -9.6% #3 1 -9.1% INTER -0.37% #3 22 -9.3% #1 37 -24.3% #2 39 -19.9% #3 14 -15.9%

-0.88% #1 27 -34.3% #1 14 -16.2% #2 11 -10.5% #3 1 -5.5% -1.01% #1 12 -24.8% #1 34 -33.6% #2 28 -16.3% #3 25 -9.2%

INTRA -0.33% #2 23 -18.3% #1 11 -13.8% #2 12 -9.0% #3 4 -7.4% INTRA -0.53% #2 29 -13.8% #1 14 -87.1% #2 11 -7.7% #3 12 -1.8%

INTER -0.55% #3 32 -18.0% #1 14 -19.3% #2 11 -12.2% #3 12 -5.3% INTER -0.48% #3 23 -7.6% #1 27 -13.2% #2 34 -11.2% #3 14 -8.3%

-1.31% #1 12 -23.3% #1 2 -12.5% #2 22 -10.8% #3 7 -9.4% -0.97% #1 12 -14.6% #1 27 -18.5% #2 33 -12.6% #3 34 -10.4%

INTRA -0.81% #2 19 -13.4% #1 11 -11.3% #2 7 -7.5% #3 27 -7.5% INTRA -0.49% #2 9 -11.2% #1 27 -8.7% #2 14 -8.5% #3 39 -8.0%

INTER -0.51% #3 27 -10.9% #1 13 -22.9% #2 11 -7.5% #3 22 -7.1% INTER -0.47% #3 29 -10.2% #1 12 -62.0% #2 14 -23.9% #3 11 -12.6%

-0.90% #1 22 -11.7% #1 4 -15.9% #2 7 -13.7% #3 27 -9.0% -1.23% #1 29 -32.2% #1 14 -90.0% #2 8 -3.0% #3 11 -3.0%

INTRA -0.51% #2 23 -10.1% #1 27 -16.0% #2 14 -6.4% #3 24 -6.2% INTRA -0.82% #2 34 -17.8% #1 38 -56.8% #2 36 -20.9% #3 14 -10.5%

INTER -0.39% #3 4 -9.8% #1 11 -22.6% #2 12 -14.1% #3 14 -9.2% INTER -0.41% #3 27 -13.1% #1 38 -14.5% #2 14 -9.6% #3 13 -7.7%

-0.67% #1 29 -16.6% #1 14 -88.9% #2 8 -3.4% #3 11 -3.4% -0.93% #1 23 -24.7% #1 28 -12.2% #2 27 -11.2% #3 46 -7.0%

INTRA -0.33% #2 18 -13.7% #1 14 -11.3% #2 23 -9.8% #3 1 -9.2% INTRA -0.42% #2 19 -12.7% #1 14 -11.6% #2 44 -11.2% #3 33 -10.8%

INTER -0.34% #3 32 -5.9% #1 14 -19.0% #2 17 -8.3% #3 27 -7.8% INTER -0.51% #3 29 -9.5% #1 14 -85.2% #2 11 -9.9% #3 12 -2.5%

-0.95% #1 29 -15.1% #1 14 -88.7% #2 11 -7.8% #3 12 -1.6% -0.80% #1 29 -21.0% #1 12 -47.7% #2 14 -36.7% #3 11 -9.7%

INTRA -0.52% #2 18 -14.2% #1 23 -12.6% #2 28 -10.8% #3 14 -7.9% INTRA -0.49% #2 27 -11.9% #1 42 -14.3% #2 13 -8.3% #3 14 -8.3%

INTER -0.43% #3 23 -11.0% #1 16 -25.7% #2 27 -10.2% #3 28 -9.5% INTER -0.30% #3 34 -10.0% #1 14 -42.8% #2 13 -16.6% #3 11 -9.5%

-0.79% #1 22 -18.8% #1 27 -22.6% #2 14 -9.0% #3 28 -8.9% -0.89% #1 20 -18.1% #1 26 -44.4% #2 40 -35.2% #3 39 -4.4%

INTRA -0.34% #2 29 -16.2% #1 14 -78.8% #2 11 -13.9% #3 12 -4.8% INTRA -0.52% #2 29 -17.1% #1 14 -73.2% #2 11 -19.4% #3 12 -4.5%

INTER -0.45% #3 7 -7.8% #1 28 -16.9% #2 12 -16.5% #3 14 -12.3% INTER -0.36% #3 22 -10.8% #1 40 -35.8% #2 14 -12.9% #3 43 -11.7%

-1.00% #1 29 -18.2% #1 14 -88.5% #2 11 -6.9% #3 13 -3.3% -0.70% #1 29 -23.7% #1 14 -90.3% #2 11 -6.0% #3 13 -1.7%

INTRA -0.53% #2 18 -17.5% #1 14 -19.5% #2 11 -15.8% #3 22 -6.8% INTRA -0.46% #2 27 -11.0% #1 44 -13.0% #2 46 -12.9% #3 45 -9.0%

INTER -0.46% #3 24 -10.5% #1 14 -19.7% #2 11 -13.9% #3 12 -7.5% INTER -0.23% #3 18 -9.7% #1 46 -20.3% #2 24 -7.1% #3 27 -6.8%

-1.04% #1 19 -17.2% #1 14 -19.7% #2 11 -14.1% #3 24 -12.5% -0.86% #1 12 -18.0% #1 40 -20.1% #2 45 -12.6% #3 15 -10.6%

INTRA -0.63% #2 18 -16.4% #1 14 -19.6% #2 23 -13.9% #3 28 -6.7% INTRA -0.31% #2 29 -12.8% #1 14 -78.6% #2 11 -17.0% #3 12 -2.2%

INTER -0.41% #3 23 -9.2% #1 14 -9.8% #2 23 -8.6% #3 19 -7.8% INTER -0.54% #3 19 -12.5% #1 28 -39.2% #2 14 -8.8% #3 5 -8.1%

-1.04% #1 19 -14.4% #1 23 -18.0% #2 24 -8.6% #3 1 -8.1% -0.83% #1 29 -25.9% #1 14 -87.5% #2 11 -5.8% #3 12 -4.0%

INTRA -0.57% #2 29 -14.2% #1 14 -90.9% #2 11 -5.4% #3 12 -2.5% INTRA -0.56% #2 5 -12.0% #1 14 -15.4% #2 28 -11.9% #3 46 -8.2%

INTER -0.48% #3 18 -9.3% #1 23 -21.1% #2 14 -13.1% #3 1 -8.3% INTER -0.27% #3 34 -9.8% #1 46 -61.9% #2 14 -16.0% #3 13 -7.5%

-1.04% #1 19 -26.8% #1 14 -28.2% #2 24 -15.0% #3 23 -6.6% -1.01% #1 29 -15.2% #1 14 -88.1% #2 11 -5.9% #3 12 -2.8%

INTRA -0.47% #2 18 -11.3% #1 14 -21.4% #2 23 -8.7% #3 1 -7.6% INTRA -0.68% #2 5 -11.8% #1 14 -14.8% #2 35 -10.0% #3 27 -9.6%

INTER -0.57% #3 5 -7.5% #1 14 -20.5% #2 23 -15.1% #3 27 -14.5% INTER -0.34% #3 27 -11.2% #1 45 -17.4% #2 14 -7.5% #3 13 -7.3%

-1.06% #1 19 -38.0% #1 1 -10.3% #2 24 -10.1% #3 14 -7.5% -0.98% #1 29 -28.9% #1 14 -90.5% #2 11 -6.6% #3 13 -1.3%

INTRA -0.55% #2 23 -9.9% #1 21 -10.1% #2 24 -8.9% #3 22 -8.7% INTRA -0.65% #2 26 -18.3% #1 14 -14.6% #2 1 -12.7% #3 7 -11.7%

INTER -0.51% #3 18 -7.2% #1 14 -11.6% #2 22 -10.0% #3 1 -8.4% INTER -0.33% #3 34 -17.4% #1 14 -59.5% #2 13 -15.8% #3 12 -6.1%

-1.03% #1 19 -32.2% #1 23 -13.8% #2 15 -11.6% #3 27 -9.0%

INTRA -0.45% #2 18 -12.9% #1 23 -16.7% #2 14 -13.2% #3 28 -6.3%

INTER -0.57% #3 12 -12.2% #1 23 -52.3% #2 20 -17.1% #3 21 -7.8%
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Figure 20: Correlation of Intra- and Inter-prefectural Impacts (Projected Population Aging) 

 

Figure 21: Geographical Relationship of Intra- and Inter-prefectural Impacts (Proj. Population Aging) 
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9.3.  1% Change Scenarios 

The ∆𝐻 derived from depopulation by 1%, or population aging by 1% could reveal “the 

depopulation or population aging of which prefecture potentially has the strong influence,” or 

the “Black Swan.” Also, the simple scale of 1% changes would allow the results here to be 

applied to any estimation in policy making.  

 

9.3.1. Input Values of Depopulation by 1% 

Depopulation by 1% means all generations are equally depopulated by 1%. From 

equation (10), ∆𝐻 is estimated by the formula below. 

∆𝐻𝑖
𝑟 = (−0.01) ∙ [𝐻𝐻 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛]𝑖

𝑟  

 

9.3.2. Input Values of Population Aging by 1% 

From equation (11), I can estimate the input values of Population Aging by 1% by the 

formula below. 

∆𝐻𝑖
𝑟 = (1.317) ∙ (0.01) ∙ [#𝑜𝑓 𝑡𝑜𝑡𝑎𝑙 𝐻𝐻]𝑡 

                                         ∙ {
[𝑜𝑙𝑑 𝐻𝐻 𝑐𝑜𝑛𝑠. ]𝑖

𝑡

[#𝑜𝑓 𝑜𝑙𝑑 𝐻𝐻]𝑡
−
[𝑦𝑜𝑢𝑛𝑔 𝐻𝐻 𝑐𝑜𝑛𝑠. ]𝑖

𝑡

[#𝑜𝑓 𝑦𝑜𝑢𝑛𝑔 𝐻𝐻]𝑡
} 

 

 

9.4. Results of 1% Change Scenarios 

9.4.1. Results of Depopulation by 1% 

Table 11 shows the results of the shock of depopulation by 1%. The column of “Total 

Impact” shows the percentage of change in total output (
∆𝑋𝑟

𝑋𝑟
), which is the magnitude of the 

impact generated by the nationwide comprehensive depopulation. They results range between 
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-0.51% and -0.35%, a relatively small impact.  

There is a variation of the balances between intra- and inter-prefectural impacts, whose 

relationships are also illustrated in Figure 22. Although both impacts show the same negative 

directions in each prefecture, the correlation seems linearly negative. 

In the column of “Industry” in Table 11, the overall three most frequently affected 

industries across prefectures are “Food and drink (5)” [37 times], “Commerce (23)” [20 times] 

and “Machinery and manufacturing industrial products (18)” [20 times].  

The overall three most frequently affecting prefectures are Kanagawa (14) [59 times], 

Osaka (27) [58 times], Aichi (23) [34 times] and Hyogo (28) [34 times], all of which are both 

metropolitan and industrial prefectures. 

In Figure 23, although the negative intra-prefectural impacts are stronger in the rural 

prefectures, the negative inter-prefectural impacts are prominent in the prefectures 

comparably closer to the metropolitan prefectures. In the path map, we can find nationwide 

negative effects mainly from the metropolitan prefectures. 
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Table 11: EIA Results of Depopulation by 1% 

 

-0.51% #1 5 -21.2% #1 14 -16.7% #2 23 -10.4% #3 11 -10.0% -0.35% #1 18 -17.3% #1 27 -12.2% #2 23 -7.5% #3 28 -6.1%

INTRA -0.37% #2 1 -14.1% #1 14 -19.2% #2 23 -7.9% #3 11 -7.0% INTRA -0.19% #2 5 -11.2% #1 27 -21.2% #2 26 -14.3% #3 28 -11.5%

INTER -0.14% #3 23 -13.5% #1 13 -12.1% #2 27 -11.7% #3 23 -8.8% INTER -0.16% #3 19 -10.0% #1 27 -18.7% #2 24 -10.6% #3 26 -6.9%

-0.42% #1 23 -19.3% #1 1 -35.6% #2 13 -9.7% #3 4 -8.0% -0.50% #1 5 -24.9% #1 27 -30.8% #2 28 -12.2% #3 23 -8.9%

INTRA -0.27% #2 5 -15.9% #1 3 -11.7% #2 11 -11.3% #3 14 -11.0% INTRA -0.30% #2 23 -14.8% #1 27 -29.6% #2 28 -15.8% #3 29 -5.9%

INTER -0.16% #3 1 -13.7% #1 14 -19.6% #2 12 -17.6% #3 11 -7.9% INTER -0.19% #3 34 -8.1% #1 14 -34.0% #2 13 -23.5% #3 28 -8.8%

-0.42% #1 5 -16.7% #1 14 -13.6% #2 27 -12.8% #3 5 -12.8% -0.45% #1 23 -33.1% #1 28 -24.0% #2 26 -8.5% #3 40 -8.1%

INTRA -0.30% #2 1 -14.3% #1 14 -16.9% #2 11 -11.5% #3 4 -10.0% INTRA -0.27% #2 32 -12.5% #1 28 -16.7% #2 26 -7.2% #3 29 -6.6%

INTER -0.13% #3 23 -13.7% #1 4 -30.0% #2 2 -15.5% #3 13 -7.6% INTER -0.18% #3 26 -6.3% #1 28 -19.9% #2 26 -11.0% #3 14 -5.4%

-0.46% #1 23 -31.0% #1 7 -18.0% #2 6 -13.8% #3 3 -13.7% -0.41% #1 5 -18.7% #1 27 -20.7% #2 14 -20.5% #3 23 -7.6%

INTRA -0.31% #2 5 -15.3% #1 7 -17.0% #2 3 -11.9% #3 2 -10.5% INTRA -0.24% #2 23 -16.5% #1 27 -38.2% #2 23 -6.7% #3 26 -5.2%

INTER -0.15% #3 32 -9.7% #1 7 -17.8% #2 6 -9.1% #3 2 -8.5% INTER -0.17% #3 18 -8.7% #1 27 -28.0% #2 26 -7.0% #3 23 -5.6%

-0.44% #1 1 -13.3% #1 23 -15.6% #2 14 -10.7% #3 27 -8.8% -0.48% #1 5 -13.4% #1 15 -47.6% #2 14 -8.2% #3 16 -7.2%

INTRA -0.32% #2 23 -11.5% #1 4 -17.8% #2 2 -13.7% #3 6 -11.1% INTRA -0.35% #2 23 -9.2% #1 28 -27.3% #2 27 -22.3% #3 26 -5.7%

INTER -0.12% #3 22 -10.7% #1 27 -15.9% #2 4 -9.2% #3 7 -7.2% INTER -0.13% #3 18 -8.5% #1 27 -15.2% #2 22 -9.9% #3 28 -7.4%

-0.41% #1 5 -17.8% #1 22 -23.0% #2 27 -10.6% #3 14 -7.6% -0.40% #1 12 -24.5% #1 14 -18.7% #2 23 -15.4% #3 26 -12.2%

INTRA -0.26% #2 18 -15.3% #1 14 -20.9% #2 5 -9.8% #3 23 -7.8% INTRA -0.26% #2 11 -9.4% #1 47 -11.0% #2 27 -9.5% #3 28 -7.8%

INTER -0.15% #3 1 -11.8% #1 28 -13.4% #2 14 -10.7% #3 27 -8.6% INTER -0.14% #3 5 -7.9% #1 27 -25.9% #2 16 -10.6% #3 28 -9.3%

-0.40% #1 22 -14.8% #1 4 -18.7% #2 27 -10.3% #3 15 -9.7% -0.45% #1 5 -19.3% #1 28 -31.6% #2 11 -23.0% #3 23 -8.9%

INTRA -0.24% #2 18 -13.0% #1 14 -18.1% #2 24 -10.0% #3 11 -8.2% INTRA -0.31% #2 18 -8.4% #1 27 -15.4% #2 32 -15.3% #3 28 -9.7%

INTER -0.16% #3 5 -11.9% #1 40 -13.3% #2 15 -12.1% #3 4 -11.1% INTER -0.14% #3 32 -7.5% #1 14 -9.4% #2 13 -9.3% #3 28 -8.0%

-0.37% #1 5 -26.0% #1 12 -12.0% #2 11 -11.8% #3 40 -9.1% -0.41% #1 22 -12.6% #1 33 -34.7% #2 34 -30.6% #3 31 -6.0%

INTRA -0.21% #2 18 -9.6% #1 14 -23.8% #2 12 -9.3% #3 11 -9.1% INTRA -0.28% #2 32 -10.4% #1 31 -10.3% #2 34 -9.5% #3 14 -8.5%

INTER -0.16% #3 11 -9.2% #1 14 -14.2% #2 40 -8.4% #3 11 -8.2% INTER -0.12% #3 18 -8.3% #1 34 -21.8% #2 11 -16.0% #3 23 -9.5%

-0.41% #1 5 -27.7% #1 11 -20.7% #2 14 -10.3% #3 23 -7.6% -0.38% #1 12 -20.8% #1 1 -20.9% #2 27 -12.8% #3 17 -8.7%

INTRA -0.23% #2 18 -13.4% #1 14 -23.2% #2 12 -12.3% #3 8 -8.3% INTRA -0.21% #2 5 -13.1% #1 38 -18.7% #2 34 -7.9% #3 37 -7.0%

INTER -0.18% #3 1 -5.8% #1 27 -14.3% #2 7 -13.5% #3 11 -11.4% INTER -0.17% #3 11 -8.6% #1 40 -11.1% #2 27 -10.0% #3 28 -8.7%

-0.41% #1 5 -23.6% #1 14 -15.2% #2 11 -12.3% #3 40 -8.7% -0.38% #1 19 -13.2% #1 35 -24.7% #2 27 -18.9% #3 12 -7.8%

INTRA -0.23% #2 19 -15.6% #1 14 -17.6% #2 27 -10.2% #3 11 -9.4% INTRA -0.27% #2 23 -13.1% #1 27 -23.1% #2 38 -10.7% #3 35 -8.5%

INTER -0.18% #3 18 -10.4% #1 11 -15.6% #2 14 -11.4% #3 12 -8.9% INTER -0.11% #3 5 -10.9% #1 20 -10.4% #2 35 -9.6% #3 33 -8.8%

-0.48% #1 5 -16.4% #1 14 -18.4% #2 12 -18.2% #3 23 -7.9% -0.37% #1 12 -30.3% #1 40 -12.1% #2 5 -8.4% #3 43 -6.8%

INTRA -0.35% #2 23 -8.9% #1 13 -19.0% #2 14 -9.4% #3 12 -8.5% INTRA -0.21% #2 11 -14.1% #1 34 -13.3% #2 27 -8.3% #3 40 -7.1%

INTER -0.13% #3 32 -8.0% #1 13 -20.6% #2 14 -14.4% #3 12 -7.0% INTER -0.16% #3 26 -5.8% #1 34 -11.9% #2 40 -8.1% #3 27 -7.1%

-0.41% #1 5 -15.7% #1 14 -49.2% #2 11 -9.2% #3 13 -7.6% -0.40% #1 11 -16.8% #1 28 -12.8% #2 23 -10.0% #3 27 -6.5%

INTRA -0.24% #2 22 -13.5% #1 14 -31.3% #2 11 -17.8% #3 13 -12.9% INTRA -0.24% #2 5 -14.5% #1 27 -20.1% #2 43 -9.9% #3 37 -9.8%

INTER -0.17% #3 12 -13.1% #1 11 -24.5% #2 28 -8.3% #3 14 -8.2% INTER -0.16% #3 22 -9.6% #1 37 -31.6% #2 39 -22.0% #3 38 -17.5%

-0.38% #1 23 -23.3% #1 11 -13.8% #2 12 -9.6% #3 27 -6.5% -0.45% #1 12 -17.0% #1 34 -33.2% #2 28 -12.9% #3 40 -7.5%

INTRA -0.21% #2 27 -21.1% #1 14 -14.9% #2 11 -10.8% #3 23 -5.3% INTRA -0.30% #2 5 -14.5% #1 38 -17.7% #2 39 -13.2% #3 23 -9.0%

INTER -0.17% #3 32 -20.9% #1 14 -16.1% #2 11 -12.6% #3 12 -6.0% INTER -0.15% #3 23 -10.6% #1 34 -14.2% #2 27 -13.4% #3 38 -7.8%

-0.45% #1 23 -14.0% #1 13 -12.2% #2 22 -9.5% #3 1 -8.7% -0.41% #1 9 -10.3% #1 27 -8.9% #2 23 -6.1% #3 39 -5.6%

INTRA -0.29% #2 12 -11.8% #1 22 -10.9% #2 11 -9.5% #3 2 -7.8% INTRA -0.24% #2 5 -9.8% #1 39 -17.3% #2 27 -13.1% #3 37 -11.8%

INTER -0.16% #3 5 -11.1% #1 1 -12.2% #2 22 -11.8% #3 11 -9.8% INTER -0.17% #3 12 -8.9% #1 27 -14.9% #2 33 -12.8% #3 34 -10.7%

-0.45% #1 5 -16.9% #1 11 -16.9% #2 27 -11.6% #3 14 -8.7% -0.50% #1 1 -12.0% #1 27 -42.2% #2 28 -12.1% #3 26 -5.6%

INTRA -0.29% #2 22 -11.8% #1 4 -14.7% #2 7 -13.1% #3 27 -10.6% INTRA -0.38% #2 34 -10.0% #1 38 -53.5% #2 36 -20.0% #3 14 -10.7%

INTER -0.16% #3 23 -10.6% #1 27 -16.8% #2 24 -6.2% #3 13 -6.1% INTER -0.12% #3 27 -9.4% #1 38 -12.1% #2 13 -10.4% #3 14 -6.9%

-0.38% #1 11 -15.1% #1 14 -9.5% #2 27 -8.5% #3 1 -8.2% -0.42% #1 23 -29.8% #1 27 -10.9% #2 28 -10.6% #3 23 -7.2%

INTRA -0.25% #2 18 -11.2% #1 23 -11.4% #2 37 -11.0% #3 14 -10.1% INTRA -0.23% #2 5 -13.5% #1 43 -15.2% #2 44 -10.0% #3 26 -9.8%

INTER -0.13% #3 5 -6.9% #1 2 -12.0% #2 14 -10.3% #3 3 -9.9% INTER -0.19% #3 32 -8.5% #1 44 -11.4% #2 43 -8.7% #3 46 -6.6%

-0.39% #1 23 -14.1% #1 16 -28.6% #2 27 -10.1% #3 18 -10.0% -0.42% #1 5 -27.4% #1 43 -10.3% #2 46 -8.7% #3 42 -8.3%

INTRA -0.24% #2 18 -13.2% #1 23 -14.4% #2 28 -10.3% #3 18 -8.6% INTRA -0.28% #2 1 -10.5% #1 40 -17.6% #2 1 -7.2% #3 27 -6.5%

INTER -0.14% #3 32 -9.4% #1 16 -14.8% #2 18 -14.2% #3 14 -7.3% INTER -0.14% #3 32 -7.5% #1 40 -14.1% #2 42 -7.5% #3 14 -7.2%

-0.40% #1 22 -28.3% #1 27 -23.9% #2 28 -8.6% #3 40 -8.4% -0.43% #1 5 -16.4% #1 28 -37.1% #2 27 -6.4% #3 23 -5.8%

INTRA -0.26% #2 11 -8.4% #1 17 -18.6% #2 23 -10.5% #3 28 -9.7% INTRA -0.30% #2 22 -14.7% #1 40 -44.3% #2 43 -12.4% #3 45 -8.2%

INTER -0.14% #3 32 -8.4% #1 27 -14.5% #2 17 -7.9% #3 28 -6.6% INTER -0.14% #3 1 -6.9% #1 40 -16.2% #2 28 -14.4% #3 27 -8.3%

-0.37% #1 5 -16.2% #1 5 -13.8% #2 11 -13.6% #3 22 -9.3% -0.37% #1 5 -14.7% #1 29 -20.7% #2 45 -15.4% #3 28 -11.1%

INTRA -0.21% #2 18 -14.5% #1 14 -18.5% #2 11 -16.0% #3 22 -7.0% INTRA -0.29% #2 1 -14.4% #1 40 -21.1% #2 47 -8.5% #3 14 -6.5%

INTER -0.16% #3 24 -9.5% #1 14 -18.5% #2 11 -13.1% #3 13 -11.5% INTER -0.08% #3 18 -8.6% #1 46 -21.7% #2 40 -7.9% #3 27 -7.0%

-0.44% #1 5 -18.6% #1 15 -11.0% #2 6 -10.8% #3 14 -9.9% -0.37% #1 33 -13.0% #1 28 -17.7% #2 14 -11.4% #3 40 -11.2%

INTRA -0.29% #2 18 -12.5% #1 14 -18.8% #2 23 -16.8% #3 28 -6.6% INTRA -0.18% #2 12 -11.8% #1 40 -17.9% #2 45 -10.3% #3 43 -8.3%

INTER -0.16% #3 23 -10.3% #1 23 -9.9% #2 27 -7.6% #3 13 -7.0% INTER -0.19% #3 11 -8.6% #1 1 -38.1% #2 27 -13.3% #3 46 -9.3%

-0.40% #1 5 -10.9% #1 23 -18.1% #2 27 -11.2% #3 7 -8.2% -0.46% #1 5 -28.4% #1 28 -11.5% #2 47 -9.9% #3 14 -8.9%

INTRA -0.27% #2 18 -9.4% #1 23 -25.5% #2 14 -12.0% #3 1 -6.9% INTRA -0.31% #2 1 -16.8% #1 27 -11.6% #2 47 -8.9% #3 28 -8.7%

INTER -0.14% #3 24 -6.6% #1 14 -17.6% #2 11 -12.3% #3 13 -10.9% INTER -0.14% #3 32 -7.0% #1 46 -9.7% #2 14 -9.4% #3 43 -6.2%

-0.42% #1 5 -25.5% #1 14 -17.5% #2 23 -16.8% #3 27 -14.0% -0.51% #1 5 -30.1% #1 35 -14.8% #2 32 -13.9% #3 33 -13.1%

INTRA -0.21% #2 18 -9.1% #1 14 -20.2% #2 23 -10.1% #3 27 -6.6% INTRA -0.32% #2 1 -13.5% #1 40 -12.8% #2 35 -11.6% #3 45 -8.1%

INTER -0.21% #3 19 -8.9% #1 14 -25.8% #2 24 -14.4% #3 23 -7.6% INTER -0.19% #3 23 -10.2% #1 40 -37.3% #2 27 -5.9% #3 45 -4.8%

-0.37% #1 19 -19.2% #1 24 -9.8% #2 1 -8.9% #3 14 -7.2% -0.45% #1 26 -23.4% #1 14 -12.9% #2 27 -12.4% #3 1 -11.1%

INTRA -0.25% #2 23 -15.5% #1 21 -11.3% #2 24 -9.3% #3 22 -9.2% INTRA -0.34% #2 32 -10.4% #1 14 -13.6% #2 13 -10.5% #3 27 -7.4%

INTER -0.12% #3 5 -11.0% #1 1 -13.3% #2 21 -11.7% #3 22 -8.8% INTER -0.11% #3 34 -9.0% #1 14 -54.8% #2 13 -22.1% #3 12 -5.7%

-0.37% #1 19 -13.5% #1 23 -15.4% #2 15 -10.7% #3 27 -9.0%

INTRA -0.20% #2 18 -12.7% #1 23 -20.0% #2 14 -12.1% #3 28 -6.0%

INTER -0.17% #3 5 -9.5% #1 23 -15.8% #2 12 -10.7% #3 11 -8.1%

Total

24

47

Total

Pref.
Total Impact

(INTRA, INTER)

Within the INTER-prefectural Impact

Industry Prefecture (for the industry)

44

Total

45

Total

46

Total

41

Total

42

Total

43

Total

38

Total

39

Total

40

Total

35

Total

36

Total

37

Total

32

Total

33

Total

34

Total

29

Total

30

Total

31

Total

25

Total

26

Total

27

Total

28

Total

23

Total

20

Total

21

Total

22

Total

17

Total

18

Total

19

Total

14

Total

15

Total

16

Total

11

Total

12

Total

13

Total

8

Total

9

Total

10

Total

5

Total

6

Total

7

Total

2

Total

3

Total

4

Total

Pref.
Total Impact

(INTRA, INTER)

Within the INTER-prefectural Impact

Industry Prefecture (for the industry)

1

Total



87 

 

Figure 22: Correlation of Intra- and Inter-prefectural Impacts (1% Depopulation) 

 

Figure 23: Geographical Relationship of Intra- and Inter-prefectural Impacts (1% Depopulation) 
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9.4.2. Results of Population Aging by 1% 

Table 12 shows the results of the shock of population aging by 1%. In the column of 

“Total Impact,” the percentage of change in total output (
∆𝑋𝑟

𝑋𝑟
) generated a small range between 

-0.09% and -0.05%; their magnitude is smaller than the impacts of depopulation by 1%. 

There is a variation of the balances between two intra- and inter-prefectural population 

aging. The relationships are also illustrated in Figure 24. Although both impacts show the 

same negative directions in each prefecture, the correlation seems dispersed, or slightly linear 

and negative. 

In Table 12, the overall three most frequently affected industries across prefectures are 

“Education (29)” [30 times], “Car (19)” [18 times] and “Commerce (23)” [17 times].  

The overall three most frequently affecting prefectures are Kanagawa (14) [98 times], 

Saitama (11) [53 times] and Osaka (27) [42 times]. 

In Figure 25, although the negative intra-prefectural impacts are stronger in the 

comparably isolated rural prefectures, the negative inter-prefectural impacts are prominent in 

the prefectures closer to the metropolitan prefectures. In the path map, we can find nationwide 

negative effects from the metropolitan prefectures. 
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Table 12: EIA Results of Population Aging by 1% 

 

-0.07% #1 23 -14.2% #1 13 -14.1% #2 27 -12.1% #3 23 -8.5% -0.07% #1 19 -21.7% #1 27 -19.5% #2 24 -11.4% #3 26 -7.0%

INTRA -0.05% #2 27 -10.3% #1 13 -21.2% #2 14 -10.8% #3 2 -6.6% INTRA -0.03% #2 18 -15.0% #1 27 -12.1% #2 23 -7.5% #3 14 -6.9%

INTER -0.02% #3 26 -10.2% #1 14 -17.4% #2 12 -11.8% #3 13 -9.3% INTER -0.04% #3 29 -14.6% #1 14 -76.2% #2 11 -12.4% #3 27 -4.7%

-0.07% #1 29 -17.5% #1 14 -82.7% #2 11 -13.1% #3 12 -2.2% -0.09% #1 34 -16.8% #1 14 -34.1% #2 13 -22.5% #3 28 -9.2%

INTRA -0.04% #2 23 -17.4% #1 1 -34.9% #2 13 -10.7% #3 4 -8.3% INTRA -0.05% #2 23 -12.8% #1 27 -28.4% #2 28 -15.2% #3 14 -5.9%

INTER -0.03% #3 27 -11.1% #1 13 -10.3% #2 4 -8.9% #3 1 -8.4% INTER -0.04% #3 29 -10.7% #1 14 -79.7% #2 11 -9.6% #3 27 -4.0%

-0.06% #1 19 -20.1% #1 23 -20.2% #2 8 -11.4% #3 6 -10.0% -0.09% #1 23 -29.8% #1 28 -23.4% #2 26 -8.4% #3 40 -7.6%

INTRA -0.04% #2 23 -12.2% #1 4 -30.1% #2 2 -14.6% #3 13 -8.6% INTRA -0.05% #2 32 -11.7% #1 28 -16.5% #2 14 -9.1% #3 26 -7.0%

INTER -0.02% #3 29 -9.2% #1 14 -48.4% #2 40 -38.9% #3 11 -9.9% INTER -0.03% #3 27 -8.6% #1 28 -24.6% #2 26 -8.5% #3 29 -6.6%

-0.08% #1 23 -27.9% #1 7 -17.9% #2 3 -13.4% #3 6 -13.3% -0.07% #1 23 -15.2% #1 27 -38.1% #2 23 -6.5% #3 26 -5.2%

INTRA -0.06% #2 27 -9.7% #1 7 -22.0% #2 2 -11.5% #3 3 -9.0% INTRA -0.04% #2 18 -10.9% #1 27 -27.2% #2 26 -6.8% #3 23 -5.7%

INTER -0.03% #3 29 -9.4% #1 14 -73.8% #2 11 -20.0% #3 12 -3.2% INTER -0.03% #3 20 -8.6% #1 27 -11.9% #2 37 -10.7% #3 38 -9.8%

-0.07% #1 7 -13.3% #1 4 -25.5% #2 11 -19.3% #3 27 -9.1% -0.09% #1 29 -17.1% #1 14 -64.1% #2 11 -16.7% #3 27 -13.3%

INTRA -0.04% #2 23 -10.6% #1 4 -18.7% #2 2 -12.0% #3 6 -10.9% INTRA -0.05% #2 19 -9.7% #1 28 -23.5% #2 27 -17.2% #3 34 -8.7%

INTER -0.02% #3 29 -10.2% #1 40 -72.6% #2 14 -19.4% #3 11 -5.1% INTER -0.04% #3 34 -9.6% #1 26 -33.3% #2 28 -14.7% #3 14 -14.3%

-0.06% #1 18 -19.9% #1 14 -21.4% #2 5 -8.8% #3 23 -7.8% -0.07% #1 12 -39.6% #1 14 -20.2% #2 23 -17.6% #3 26 -15.9%

INTRA -0.03% #2 29 -10.4% #1 14 -62.5% #2 40 -29.3% #3 11 -4.8% INTRA -0.04% #2 29 -14.3% #1 14 -52.3% #2 11 -20.4% #3 27 -17.1%

INTER -0.03% #3 7 -8.6% #1 11 -21.5% #2 14 -18.7% #3 3 -13.4% INTER -0.03% #3 15 -10.1% #1 27 -10.5% #2 23 -9.8% #3 14 -9.1%

-0.06% #1 18 -15.8% #1 14 -18.5% #2 24 -10.7% #3 11 -8.1% -0.08% #1 29 -27.9% #1 14 -81.1% #2 11 -10.5% #3 8 -4.7%

INTRA -0.03% #2 22 -11.5% #1 4 -17.7% #2 27 -10.3% #3 14 -8.8% INTRA -0.05% #2 34 -12.8% #1 33 -33.5% #2 28 -29.1% #3 14 -11.6%

INTER -0.03% #3 19 -11.5% #1 14 -28.1% #2 11 -19.7% #3 4 -3.8% INTER -0.03% #3 27 -10.5% #1 13 -12.3% #2 14 -8.9% #3 27 -6.8%

-0.06% #1 18 -15.0% #1 14 -24.3% #2 11 -9.0% #3 12 -8.9% -0.06% #1 29 -24.5% #1 14 -90.5% #2 11 -6.7% #3 13 -1.5%

INTRA -0.03% #2 12 -10.1% #1 14 -19.4% #2 23 -10.2% #3 24 -9.9% INTRA -0.03% #2 34 -12.3% #1 14 -36.9% #2 13 -25.3% #3 27 -6.5%

INTER -0.03% #3 5 -9.6% #1 14 -12.5% #2 11 -11.8% #3 12 -10.2% INTER -0.03% #3 27 -9.5% #1 14 -10.7% #2 31 -10.6% #3 13 -10.4%

-0.07% #1 19 -18.7% #1 14 -29.3% #2 11 -7.5% #3 24 -7.4% -0.08% #1 12 -32.4% #1 1 -23.1% #2 27 -14.4% #3 17 -11.0%

INTRA -0.04% #2 18 -17.5% #1 14 -23.7% #2 12 -11.7% #3 8 -7.7% INTRA -0.04% #2 19 -15.9% #1 27 -12.0% #2 28 -11.9% #3 34 -6.3%

INTER -0.03% #3 5 -8.4% #1 11 -20.2% #2 14 -12.7% #3 23 -8.2% INTER -0.04% #3 15 -6.9% #1 14 -10.1% #2 27 -8.4% #3 23 -7.5%

-0.08% #1 19 -38.9% #1 14 -18.7% #2 27 -10.7% #3 11 -9.4% -0.08% #1 19 -29.3% #1 35 -26.6% #2 27 -19.3% #3 12 -7.9%

INTRA -0.03% #2 18 -10.8% #1 11 -14.8% #2 14 -12.7% #3 12 -8.4% INTRA -0.05% #2 15 -9.2% #1 27 -12.9% #2 35 -9.7% #3 14 -8.3%

INTER -0.04% #3 29 -6.9% #1 11 -89.2% #2 14 -8.2% #3 12 -1.2% INTER -0.03% #3 23 -9.1% #1 27 -22.9% #2 35 -9.8% #3 38 -9.4%

-0.08% #1 19 -15.5% #1 12 -23.5% #2 14 -18.3% #3 10 -10.0% -0.08% #1 12 -46.0% #1 40 -12.7% #2 5 -10.6% #3 15 -8.0%

INTRA -0.06% #2 29 -11.5% #1 14 -73.9% #2 13 -12.8% #3 12 -12.5% INTRA -0.03% #2 19 -10.8% #1 34 -44.1% #2 27 -9.5% #3 40 -7.1%

INTER -0.03% #3 18 -8.2% #1 14 -17.4% #2 12 -8.8% #3 13 -8.1% INTER -0.04% #3 29 -6.5% #1 14 -76.0% #2 11 -16.5% #3 8 -2.9%

-0.06% #1 12 -29.5% #1 11 -28.5% #2 23 -8.5% #3 28 -8.4% -0.06% #1 29 -25.1% #1 14 -84.4% #2 11 -9.4% #3 8 -2.8%

INTRA -0.03% #2 22 -12.3% #1 14 -34.3% #2 11 -18.2% #3 13 -12.6% INTRA -0.03% #2 27 -10.4% #1 13 -10.9% #2 38 -8.6% #3 14 -7.9%

INTER -0.03% #3 26 -8.0% #1 14 -18.2% #2 13 -11.4% #3 11 -9.5% INTER -0.03% #3 22 -9.7% #1 37 -27.2% #2 39 -19.9% #3 38 -14.7%

-0.07% #1 27 -34.2% #1 14 -16.4% #2 11 -10.5% #3 23 -4.9% -0.08% #1 12 -26.8% #1 34 -38.8% #2 28 -13.2% #3 25 -8.7%

INTRA -0.03% #2 32 -18.1% #1 14 -19.4% #2 11 -12.0% #3 23 -5.6% INTRA -0.04% #2 29 -12.8% #1 14 -86.5% #2 11 -7.5% #3 13 -2.2%

INTER -0.04% #3 23 -18.1% #1 11 -13.8% #2 12 -9.4% #3 27 -6.6% INTER -0.04% #3 23 -7.8% #1 34 -13.7% #2 27 -13.1% #3 14 -7.5%

-0.09% #1 12 -21.3% #1 22 -11.8% #2 2 -9.6% #3 11 -9.4% -0.07% #1 12 -15.9% #1 27 -17.0% #2 33 -14.9% #3 34 -11.8%

INTRA -0.06% #2 19 -13.5% #1 11 -10.9% #2 27 -8.0% #3 46 -6.2% INTRA -0.04% #2 9 -11.2% #1 27 -8.8% #2 39 -8.1% #3 14 -7.8%

INTER -0.04% #3 27 -11.8% #1 13 -30.6% #2 11 -6.7% #3 22 -6.5% INTER -0.04% #3 29 -9.5% #1 12 -62.3% #2 14 -23.6% #3 11 -12.3%

-0.06% #1 22 -10.9% #1 4 -14.0% #2 7 -11.3% #3 27 -10.5% -0.09% #1 29 -31.2% #1 14 -90.1% #2 11 -2.9% #3 12 -2.8%

INTRA -0.04% #2 23 -10.4% #1 27 -16.9% #2 13 -6.9% #3 24 -6.4% INTRA -0.06% #2 34 -18.0% #1 38 -55.2% #2 36 -20.9% #3 14 -10.1%

INTER -0.03% #3 4 -9.8% #1 11 -22.1% #2 12 -14.3% #3 14 -9.2% INTER -0.03% #3 27 -13.4% #1 38 -13.9% #2 13 -10.6% #3 14 -9.1%

-0.05% #1 29 -16.0% #1 14 -88.9% #2 11 -3.3% #3 12 -3.2% -0.07% #1 23 -24.9% #1 27 -11.0% #2 28 -10.4% #3 23 -7.2%

INTRA -0.03% #2 18 -13.5% #1 23 -11.3% #2 14 -11.0% #3 37 -10.0% INTRA -0.03% #2 19 -13.0% #1 33 -13.4% #2 44 -11.9% #3 43 -10.5%

INTER -0.02% #3 34 -6.2% #1 14 -35.0% #2 17 -21.1% #3 13 -19.0% INTER -0.04% #3 27 -9.5% #1 44 -13.3% #2 42 -8.5% #3 41 -8.1%

-0.07% #1 29 -14.5% #1 14 -88.3% #2 11 -7.7% #3 13 -1.7% -0.06% #1 29 -19.8% #1 12 -48.4% #2 14 -36.6% #3 11 -9.5%

INTRA -0.04% #2 18 -14.3% #1 23 -14.2% #2 28 -9.8% #3 14 -7.6% INTRA -0.04% #2 27 -11.9% #1 42 -13.8% #2 13 -11.4% #3 14 -7.8%

INTER -0.03% #3 23 -11.2% #1 16 -26.0% #2 27 -10.5% #3 18 -8.8% INTER -0.02% #3 34 -10.3% #1 14 -39.1% #2 13 -22.0% #3 11 -8.5%

-0.06% #1 22 -19.1% #1 27 -23.1% #2 14 -8.4% #3 28 -7.9% -0.07% #1 20 -18.3% #1 26 -42.6% #2 40 -37.6% #3 39 -4.4%

INTRA -0.03% #2 29 -15.5% #1 14 -78.4% #2 11 -13.6% #3 12 -4.9% INTRA -0.04% #2 29 -16.0% #1 14 -72.6% #2 11 -18.9% #3 12 -4.5%

INTER -0.03% #3 7 -7.7% #1 12 -16.3% #2 28 -15.6% #3 14 -11.9% INTER -0.03% #3 22 -11.4% #1 40 -36.8% #2 43 -13.5% #3 14 -11.3%

-0.06% #1 29 -18.0% #1 14 -87.3% #2 11 -6.7% #3 13 -4.8% -0.06% #1 29 -22.6% #1 14 -89.7% #2 11 -5.8% #3 13 -2.5%

INTRA -0.03% #2 18 -17.3% #1 14 -19.2% #2 11 -15.2% #3 22 -6.6% INTRA -0.04% #2 27 -11.3% #1 44 -14.3% #2 46 -12.4% #3 45 -8.8%

INTER -0.03% #3 24 -10.6% #1 14 -19.1% #2 11 -13.3% #3 13 -9.3% INTER -0.02% #3 34 -9.9% #1 14 -28.5% #2 46 -25.6% #3 13 -17.2%

-0.07% #1 19 -16.9% #1 14 -19.4% #2 11 -13.7% #3 24 -13.3% -0.07% #1 12 -18.9% #1 40 -20.9% #2 45 -11.8% #3 43 -10.1%

INTRA -0.04% #2 18 -16.4% #1 14 -19.0% #2 23 -15.9% #3 28 -6.2% INTRA -0.03% #2 29 -12.0% #1 14 -78.2% #2 11 -16.6% #3 13 -2.4%

INTER -0.03% #3 23 -9.3% #1 23 -9.8% #2 14 -9.5% #3 13 -8.3% INTER -0.04% #3 19 -11.8% #1 28 -37.0% #2 14 -8.7% #3 40 -8.1%

-0.08% #1 19 -14.5% #1 23 -20.3% #2 24 -8.8% #3 22 -7.7% -0.06% #1 29 -24.9% #1 14 -86.7% #2 11 -5.6% #3 12 -4.0%

INTRA -0.04% #2 29 -13.7% #1 14 -90.6% #2 11 -5.3% #3 12 -2.5% INTRA -0.04% #2 5 -12.4% #1 14 -14.2% #2 28 -10.5% #3 47 -8.0%

INTER -0.03% #3 18 -9.4% #1 23 -23.7% #2 14 -12.4% #3 1 -6.5% INTER -0.02% #3 34 -10.0% #1 46 -60.0% #2 14 -14.9% #3 13 -10.1%

-0.07% #1 19 -26.8% #1 14 -27.0% #2 24 -15.4% #3 23 -7.4% -0.07% #1 29 -14.1% #1 14 -87.3% #2 11 -5.8% #3 13 -3.3%

INTRA -0.03% #2 18 -11.1% #1 14 -20.7% #2 23 -9.9% #3 27 -6.7% INTRA -0.05% #2 5 -12.9% #1 14 -12.5% #2 35 -11.1% #3 33 -11.0%

INTER -0.04% #3 5 -7.5% #1 14 -19.7% #2 23 -17.1% #3 27 -15.2% INTER -0.03% #3 23 -11.3% #1 40 -38.2% #2 14 -7.7% #3 13 -5.7%

-0.08% #1 19 -38.0% #1 24 -10.6% #2 1 -8.3% #3 14 -7.4% -0.07% #1 29 -28.3% #1 14 -90.1% #2 11 -6.4% #3 13 -1.8%

INTRA -0.05% #2 23 -10.0% #1 21 -10.1% #2 24 -9.3% #3 27 -8.7% INTRA -0.05% #2 34 -18.1% #1 14 -55.6% #2 13 -21.4% #3 12 -5.8%

INTER -0.04% #3 18 -7.2% #1 14 -11.5% #2 22 -9.8% #3 27 -7.5% INTER -0.02% #3 26 -17.4% #1 14 -14.9% #2 27 -12.4% #3 1 -10.7%

-0.08% #1 19 -32.0% #1 23 -15.4% #2 15 -11.3% #3 27 -9.3%

INTRA -0.03% #2 18 -12.7% #1 23 -18.9% #2 14 -12.6% #3 27 -6.0%

INTER -0.04% #3 12 -12.7% #1 23 -56.1% #2 20 -15.3% #3 21 -7.4%
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Figure 24: Correlation of Intra- and Inter-prefectural Impacts (1% Population Aging) 

 
Figure 25: Geographical Relationship of Intra- and Inter-prefectural Impacts (1% Population Aging)  
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Chapter 10. Joint Implication of SDA and EIA 

As I noted before, SDA provided us the economic analysis over the past. On the other 

hand, EIA has been used to explore future changes. In a sense, one might consider the SDA 

as a view backwards, accounting for the contributions of certain factors to change in  activity 

levels in prefectures while the EIA offers a perspective about what might happen if certain 

demographic trends continue into the future. The joint implication between all the results 

allows us to understand the difference between “which prefectures were affected in the short 

run” and “which prefectures might be affected much in the long run.” 

 

10.1. Geographical Trends 

The upper side in Figure 26 compares the degrees of the intra-prefectural impacts (i.e., 

the economic impact on a prefecture by the consumption change of the same prefecture) in 

terms of depopulation. The recent local impact was not so varied nationwide, although several 

prefectures showing strongly negative outcomes. On the other hand, the projected impact will 

be significant in the rural prefectures, where the future depopulations are forecasted to be 

larger. For an identical 1% depopulation case, the intra-prefectural impact seems bigger in the 

rural prefectures which have relatively more isolated economies. 

The bottom panels of Figure 26 compare the degree of the inter-prefectural impacts (i.e., 

the economic impact on a prefecture by the consumption change of the other prefectures) in 

terms of depopulation. The recent inter-prefectural impact was more severe in the Tohoku 

region (the northern region of the main island) and Kyushu region (the southern region of the 

main island). It seems that the existence of the prefectures experiencing significant 

consumption decreases (e.g., the Akita (5) and Fukuoka (40) prefectures) dragged the 
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neighbor prefectures down.  On the other hand, in the projected depopulation case, the inter-

prefectural impact seems greater in the prefectures close to the metropolitan prefectures, 

which have the larger and more influential economies. The 1% depopulation case also shows 

a similar but more intense clustering compared to the projected case. 

 

Figure 26: Results Comparison between EIA and SDA (Depopulation) 
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The upper panel in Figure 27 compares the degrees of the local impacts in terms of 

population aging. It seems well dispersed and it would be difficult to find any meaningful 

interpretation from the maps. 

The lower panel compares the degree of the inter-prefectural impacts in terms of 

population aging. The recent inter-prefectural impact was more apparent in the northern 

regions. This might have attributed to their faster population aging, affecting each other. On 

the other hand, in the projected case and the identical 1% population aging case looks almost 

similar, with greater inter-prefectural impacts in the prefectures close to the metropolitan 

prefectures, which have the larger and more influential economies. 
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Figure 27: Results Comparison between EIA and SDA (Population Aging) 

 

10.2. Comparative Categorization on Inter-prefectural Impact 

Then, let me focus particularly on the inter-prefectural impact. Compared to the 

information on the intra-prefectural impact, the information on inter-prefectural impact is 



95 

more valuable to explore since little prior analysis has been conducted and the information is 

certainly not available in the usual official statistics. 

The categorization of prefectures by comparing the level of “Recent inter-prefectural 

impact” and “Projected inter-prefectural impact” makes things clearer. Here I set a 

categorization as seen in Figure 28. The x-axis is the projected inter-prefectural impact, y-axis 

is the recent inter-prefectural impact and the area is divided by the threshold of their averages.  

 

Figure 28: Quadrant Categorization 

Applying this categorization to Figure 29, which is the scatter plot in terms of 

depopulation, Figure 30 shows geographical relationship of those four quadrants. These 

results give us the understandings below. 

1) The first quadrant group experienced relatively lower negative inter-prefectural 

impacts, and is still expected to have relatively lower negative impact in the future. 

Geographically, these prefectures are likely to be found around the Kanto regions, 

where the Tokyo prefecture is located. This can be interpreted as that those 

prefectures are enjoying the benefit from the populational growth in metropolitan 

regions and will retain their status mainly due to the Tokyo prefecture. 

2) The second quadrant group experienced relatively lower negative inter-prefectural 

impact, but is expected to have relatively higher negative impact in the future. 

Geographically, these prefectures are likely to be found between the rural and the 

metropolitan. This can be interpreted as that those prefectures are enjoying the 
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benefit from the populational growths in metropolitan regions but will be dragged 

down by the metropolitan downward trend of in the future. 

3) The third quadrant group experienced relatively higher negative inter-prefectural 

impact, and is still expected to have relatively higher negative impact in the future. 

Geographically, these prefectures are likely to be found in the rural regions with 

relatively better access to metropolitan regions. This can be interpreted as that those 

prefectures are suffering from depopulation around them and will keep suffering in 

the future, with amplified negative impact by the metropolitan areas. 

4) The fourth quadrant group experienced relatively higher negative inter-prefectural 

impact, but is expected to have relatively lower impact in the future. Geographically, 

these prefectures are likely to be found in the rural regions with relatively weaker 

access to metropolitan regions. This can be interpreted as that those prefectures are 

suffering from depopulation around them but in the future, due to the more distance 

from the metropolitan areas, the impact of inter-prefectural depopulation will be 

smaller than the group of the third quadrant. 
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Figure 29: Categorization on Inter-prefectural Impact by Depopulation 

 

Figure 30: Geographical Categorization on Inter-prefectural Impacts by Depopulation 
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Figure 31 plotted each prefecture by its inter-prefectural impacts both projected 

population aging and recent population aging. With the four quadrants with the thresholds of 

each mean, Figure 32 shows geographical relationship of those four quadrants. These results 

give us the understandings below. 

1) The first quadrant group experienced relatively lower negative inter-prefectural 

impact, and is still expected to have relatively lower negative impact in the future. 

Geographically, these prefectures are likely to be found in the rural regions of the 

western half of Japan, where the pace of population aging is relatively slower than 

the east. This can be interpreted as that they rarely have neighbor prefectures with 

faster population aging, and will experience relatively safer economic impact by 

neighbor population aging because of lack of metropolitan influence. 

2) The second quadrant group experienced relatively lower negative inter-prefectural 

impact, but is expected to have relatively higher negative impact in the future. 

Geographically, these prefectures are likely to be found in the center of Japan, or 

the parts of metropolitan Kinki and Chubu regions. This can be interpreted as that 

they rarely have neighbor prefectures with faster population aging, but will 

experience relatively serious economic impact by neighbor population aging 

because of the existence of continuing metropolitan influence. 

3) The third quadrant group experienced relatively higher negative inter-prefectural 

impact, and is still expected to have relatively higher negative impact in the future. 

Geographically, these prefectures are, if any, likely to be found around the 

metropolitan Kanto region in the eastern half of Japan, where the pace of population 

aging is relatively faster than the east. This would be interpreted as that they have 
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neighbor prefectures with faster population aging, and will keep experiencing 

relatively stronger economic impact because of the existence of large metropolitan 

influencers. 

4) The fourth quadrant group experienced relatively higher negative inter-

prefectural impact, but is expected to have relatively lower impact in the future. 

Geographically, these prefectures are likely to be found in the countryside of the 

eastern half of Japan, where the pace of population aging is relatively faster than the 

east. This would be interpreted as that they have neighbor prefectures with faster 

population aging, but their levels of suffering are lighter in the future due to the 

distanced relationship with the metropolitan areas. 

 

Figure 31: Categorization on Inter-prefectural Impact by Population Aging 
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Figure 32: Geographical Categorization on Inter-prefectural Impacts by Population Aging  
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Chapter 11. Conclusion and Discussion 

After several decades of its economic miracle, Japan has finally entered a stage of 

slower economic growth accompanied by serious depopulation and population aging. Van 

Der Gaag & De Beer (2015) called this trend as “Demographic Burden,” which every 

developed country will experience sooner or later. This significant trend has rapidly proceeded 

especially in the rural regions, mainly due to the large number of outflows and the consequent 

low number of births. The national and local governments in Japan have tried to apply many 

countermeasures to promote those regions but their effects are still questionable. Instead of 

the equal treatment across domestic regions, more objective and critical concentration of the 

limited policy resources are needed. This does not necessarily mean that the currently 

suffering region should be prioritized, because regional economies are mutually networked. 

In order to realize optimal policy allocation, an understanding of “where the bottleneck is” 

and “when the impact can be expected” are critical pieces of information. However, previous 

academic research on the economic impacts of depopulation and population aging were 

basically either treating the aggregated indexes at the national level and sacrificed the 

multiregional perspective, or focused only on limited number of regions. The aim of my work 

was to contribute to political decision making by offering the information on the two question 

above. 

In this study, the MPIO table I built up enabled me to take inter-prefectural economic 

network into consideration. In addition, the Structural Decomposition Analysis (SDA) with 

consumption data clarified the current bottlenecks on depopulation and population aging. On 

the other hand, the Economic Impact Analysis (EIA) showed the potential future bottlenecks 

on them. The findings in my study include these points: 
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1) The magnitude of the inter-prefectural impact of depopulation is much smaller than 

that of local impact in the short run, but it will have a strong impact, possibly of 

importance close to the level of intra-prefectural impact, in the long run. 

2) Under depopulation, the industries such as “Food and Drink” and “Commerce” take 

the important roles of determining the magnitude of inter-prefectural effects. In 

terms of the prefecture, metropolitan prefectures have a broad inter-prefectural 

impact both positively in the short run and negatively in the long run. 

3) The inter-prefectural impact of population aging seems to be as large as intra-

prefectural impact in the short run. In some prefectures, the inter-prefectural impact 

cancels the positive impact of intra-prefectural population aging. On the other hand, 

both intra- and inter-prefectural impacts will have negative impacts in the long run. 

The magnitude of inter-prefectural impact will possibly be of importance close to 

the level of the intra-prefectural impact. 

4) Under population aging, the industries such as “Food and Drink” and “Lodging” 

take the important roles of determining the magnitude in the short run. On the other 

hand, in the long run, “Education” and some other machinery manufacturing 

industries will be negatively affected more. In terms of the prefecture, metropolitan 

prefectures have a broad inter-prefectural impact. 

5) In terms of depopulation, the rural prefectures suffer from the negative inter-

prefectural impact more than the metropolitan prefectures in the short run, but in the 

long run, the prefecture with stronger relationship with metropolitan areas may 

struggle more. 

6) In terms of population aging, the eastern prefectures suffer from the negative inter-
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prefectural impact more than the western prefectures in the short run. This tendency 

may last, but the prefecture with stronger relationship with metropolitan areas may 

struggle more. 

7) In both case of 1% depopulation and 1% population aging, the most influential 

prefectures are the metropolitan prefectures such as the Kanagawa and Osaka 

prefectures. 

The interpretations above provide clues to the policy makers at the national level, who 

need objective information for the development of optimal policy solutions. In addition, the 

results also contain plenty of information about the bottlenecks for each prefecture 

respectively, which the policy makers in the local level can also refer. That is what I intend 

by putting all detailed tables in this paper. For example, a prefectural policy maker in charge 

of economic revitalization against demographic shifts can recognize the bottleneck path of 

inter-prefectural negative effect and think about the way of inter-prefectural cooperation on a 

specific industry with a specific prefecture. 

This study, however, has several limitations as below. 

1) Potential errors associated with the estimation of the MPIO have not been evaluated; 

however, it is unlikely that there will have biased the outcomes in general. 

2) The assumptions I made on the relationship between household consumption and 

the demographic situation is logical in the aggregated national level, but might not 

be applicable to a particular prefecture. For example, the Fukuoka prefecture (40) 

decreased total household consumption from 2005 to 2011, while its population kept 

growing. Personal consumption data rather than household consumption data in the 

macroeconomic context is hard to obtain. That is why Kim & Hewings (2019) also 
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employed household data for their analysis on the economic relationship of 

population aging in Chicago. 

3) The impact estimations in the projected case and the 1% case contain many 

assumptions of other things being equal. For example, in terms of forecasting the 

situation in 2045, the assumption of the stable industrial structure is definitely 

unrealistic. I would like to say that those estimations are early alarms and need to be 

renewed by up-to-date data in the future. 

4) The interpretation I applied to the results is open to argument. EIA and SDA 

provided me the results after interindustrial transactions, but the comprehensive 

matrix calculation made it difficult to clarify how come the result yield. A further 

study using the method of a Structural Path Analysis (SPA), which clarifies 

transaction paths, may contribute to understand more deeply about the factors or 

bottlenecks (the example of the combination of SDA and SPA can be seen in Wood 

& Lenzen (2009), for example). 

5)  This analysis only focused on the demand-side impact. As many previous studies 

showed, the supply-side impact is equally important for understanding the 

comprehensive impact of demographic shifts. The reason why I did not use a supply-

side approach was simply lack of data needed to decompose or estimate the labor 

supply. I could not find by-prefecture by-industry by-age labor data or any close one 

like I used the data of NSFIE for the consumption decomposition. SDA itself is also 

good for a supply-side analysis, so if there is accessible data, it is possible to analyze. 

Despite of these limitations, I believe this study is meaningful for grasping the 

comprehensive and respective impact of population aging and depopulation to each region, 
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which seemed to be a new attempt without similar analysis so far. I hope this work will 

contribute to any policy making or any further studies. 
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