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Introduction 

 The United Nations (2017） projects that the world 
population will top 11 billion by 2100 and its growth 
will be near an end. It will find a new  equilibrium on 
the demographic transition in history from high birth 
and death rates to low ones.

 There are some debates on the increasing next four 
billion  population (Lam, 2017), if they are threating the 
sustainability of ecological environments on the earth.

 How about is the demographic sustainability of the 
world’s population ?
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Figure 1 : Increasing of the world population and 
decreasing of the Japanese population

5Note: Estimates (1950-2015) and projections (2016-2100) in medium variant (United 
Nations, 2017), a medium-fertility and mortality projection of NIPSSR (2017)

Figure 2 : Population changes in the next four billion by 
age group and region

Sources: from from 1930 to 2005 (NIPSSR 2012b), from 2010 to 2060(NIPSSR 2012a). Medium variants

6Sources : projections (2016-2100) in medium variant (United Nations, 2017)
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Figure 3 :Changing total fertility rates by region

Sources: from 1930 to 2005 (NIPSSR 2012b), from 2010 to 2060(NIPSSR 2012a). Medium variants

7Sources :  Estimates (1950-2015) projections (2016-2100) in medium variant (United Nations, 2017)

Figure 4 : Changing net reproduction rate (NRR)

8Sources :  Estimates (1950-2015) projections (2016-2100) in medium variant (United Nations, 2017)
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Figure 5 : Changing life expectancy by region

9Sources :  Estimates (1950-2015) projections (2016-2100) in medium variant (United Nations, 2017)

Is UN Projection 2017 Sustainable ?

1) The most of the population increase (about 80%) is 
expected to occur in Sub-Saharan Africa.

2) This expectation is based on the assumptions ; TFR 
of 5.10 will decreasing slowly to a replacement level 
of 2.1, and life expectancy will expand from 57.8 
years  in 2010-2015 to 77.8 by 2100.

3) Sub-Saharan Africa will realize the self-sustained 
economic growth and almost 45% of working-age 
world population will be living there. 
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More likely Another Scenario 

1) The main regions driving the world economy have 
entered a post-demographic transitional stage 
characterized by below replacement fertility rate and 
a decreasing and rapid aging population.  

2) They lost their economic power with their decreasing 
and rapid aging populations.

3) The demographic transition of Sub-Saharan Africa 
will fall by the wayside, and the entire human society 
will be at high risk of collapse. 
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What Malthus says 

 Population, when unchecked, increases in a geometrical ratio. 
Subsistence increases only in an arithmetical ratio. A slight 
acquaintance with numbers will shew the immensity of the 
first power in comparison of the second ‘(chapter 1 –
paragraph 18)   →exponential growth / more exactly  

 When unchecked, → r=population growth rate

1. r>0:  population increases exponentially

2. r=0 : population  is stationary 

3. r<0 : population decreases exponentially, reaches a minimum 
(0) at infinite position).
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Figure 6: Exponential Growth

Nt = the population number at time t , N０= the population number at 
time 0. e : the base of natural logarithm (e≒2.71828) and r is the 
population increasing rate (alias growth rate) 14
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Figure7 : Doubling time by Population Growth Rate

A population with r=1% doubles every70 years. 
after 140 years 2☓2=4 times, after 210 years, 
2☓2☓2=8 times and after 280 years, 
2☓2☓2☓2=16 times.
The doubling time , “half-life(halving time)” , is 
the same length for a decreasing population.
. 
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The Range of  Demographic Sustainability

1. A population increase greater than 2% annually can degrade 
socio-economic circumstances and the natural environment. 
It is unsustainable, known as the ‘population explosion’ of 
the world population in the 1960s.

2. The doubling time is the same length for a decreasing 
population. In a shrinking society like Japan, the population 
is decreasing by half every 70 years with  r=-1%. This rate 
of decreasing is unsustainable and can degrade Japan’s 
socio-economic circumstances and natural environment.  
(See the regional population ! )
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When checked, what happens? 

1. Population is increasing to draw an s-shaped (logistic) curve 
and reaching K (a support threshold that the environment 
can maintain).

2. The K is not fixed a priori but relatively changed according 
to the adaptation capacity of human being. It is decided a 
posteriori, when the growth rate reaches 0. 

3. When the growth rate (r) is reaching 0 , the birth rate(b) and 
the death rate (d) are changing to reduce their difference. 

4. The demographic transition is the historical process from 
high fertility and mortality, to low fertility and mortality. 
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Figure 8: Logistic curve and carrying capacity of the 
environment K
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The demographic transition  as adaptation 
process of society

1. The actual historical timing and speed are different in each 
population and country but the processes are common.

2. This process does not happen automatically. It  would need 
some socio-economic and cultural condition. There shouldn’t 
be any assurance that the transition ends up at a stationary state 
of 0 growth rate.

3. Only the population that has successfully realized the 
stationary state could exist continuously. If it failed, the 
population would have disappeared or been absorbed into 
another population. 
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The Principle of Sustainable Population

1. I may fairly make three postulates, First, that human is 
mortal. Secondly, that the maximum number of 
childbearing is limited in a lifetime, and that the limits 
of growth exists a posteriori.

2. Under these three conditions, the birth rate and the 
death rate should be balanced to 0 for a sustainable 
population. 

3. The population, when unchecked to be deviated from 
the replacement level of fertility at a given life 
expectancy, confronts increasing socio-economic cost 
and a loss of its sustainability.
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3. Demographic Transition Model of Japan (DTMJ)
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Historical process of  Japan’s Demographic Transition
The first phase: 

1. With the modernization, the infant mortality and the maternal 
deaths began to decrease (Fig.9). 

2. The average life expectancy of female was extended and also 
the survival rate of women at reproductive age rose.

3. This made the replacement of fertility, lower than ever. It 
creates the pressure to keep the number of births/children 
small  (If not, it should have canceled the new condition).

4. As a result, the life expectancy of women was extended from 
40 years to 70 years and the average number of children per 
married women was reduced from 5 to 2  (Fig.10). 
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Historical process of  Japan’s Demographic Transition
The second  phase: 

1. Life expectancy is continuously expanding beyond 70 years. 
Even if the actual fertility rate met the theoretical replacement-
level TFR (NRR = 1.00) , women’s views on minimizing the 
risk of childbearing/child care remained unchanged (Fig.9).. 

2. From 1975 onward, women began to shift marriage age and 
have children later (age of 30 and over), and to minimize the 
life course risk of childbearing/childcare. 

3. Such risk reduction strategies including never getting married, 
having a single child, and remaining childless. Subsequently, 
the fertility rate dropped below the replacement level (Fig.10)..
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Figure 9. Female life expectancy and fertility change.

Sources: Statistics Bureau 2006; NIPSSR 2012 24



13

Figure 10. Decreasing Number of Children

Source:NIPSSR(2012b).
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A causal model of the demographic transition in Japan
（Fig.11)

1. Population increase enlarged the scale of social 
production. Then, social capital accumulation and growth 
are promoted. 

2. Social capital formation decreased infant mortality, youth 
mortality and elderly mortality in a sequential order. 
With social capital growth, the life expectancy is 
increasing. 

3. On the other side, the social capital formation enables 
individual decision making on the number of birth 
(children) and on the timing of family formation.

26
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A causal model of the demographic transition in Japan

4. The expanding life expectancy increases the survival rate of 
women in the reproductive age range and the risk of total 
fertility beyond replacement-level TFR (NRR = 1.00), in turn 
it creates pressure to minimize the risk of childbearing. The 
desired number of children becomes smaller.

5. Social capital formation provides the possibility to control the 
number of births. Thus, total fertility is decreasing to 
theoretical replacement-level TFR (NRR = 1.00). 

6. During this process, the population increases.

27

A causal model of the demographic transition in Japan

7. Social capital accumulation and growth increase the life 
expectancy and expand total lifetime from 50 to more than 80 
years.

8. This brings life course changes like prolonged schooling, 
higher educational attainment and labor participation rate, 
above all, of women. These changes promote the timing shift 
of family formation to a later life stage. 

9. This timing shift reduced the effective use of reproductive 
lifetime and decreased fertility below the replacement level.

10. The population ceases to increase and begins to decrease.

28
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Figure 11. Casual Loop diagram of 3 important 
feedback loops in the demographic transition in Japan
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4. Simulating the Demographic Transition of Japan
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Figure 12: POP T・CBR・CDR
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Figure 13: DPNDRch・DPNDRold・DPNDR
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Figure 14: LE his・LE・SC・SCPC
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Figure 15:  Fertility Development: TFM・TF・DTF・TFR
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Figure 16: Timing Shift of Marriage: MT・MRTE・LEMT
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Figure 17: Sensitive Runs
Social Capital Generation and Population Growth Rate

36



19

Figure 18: Sensitive Runs
Maximum Fertility and Population Growth
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Figure 19: Sensitive Runs
Maximum Life Expectancy and Population Growth Rate
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5. Conclusion: Demographic Future of Human Society
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Driving Force of Demographic Transition

1. The surplus of social production could be accumulated to create 
the social capital, which increases the possibility to expand life 
expectancy and to control the number and timing of births.

2. The expanded life expectancy reduces the replacement level of 
fertility and the desired number of children. The social capital 
accumulation increases possibility to control births, so the 
completed family size becomes smaller. 

3. The expanding life expectancy is prolonging the lifetime from 
50 to more than 80 years. This promotes the shift in timing of 
family formation to a later life stage and reduced the effective 
use of the reproductive lifetime. 
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The world will enter the post phase of Demographic 
Transition

1. The main engine to promote the demographic transition is 
social capital accumulation by increasing the population.Thus, 
this phenomenon could commonly happen in human society. 

2. DTMJ shows, the post phase of demographic transition could 
begin in all the regions of the world, including Sub-Saharan 
Africa. 

3. In contrast to the UN projection  2017, the world will enter the 
post phase and its fertility will decline to below replacement 
level and become stabilized. Then, the world population will 
begin to decrease drastically. Logico-mathematically, that is 
highly possible. 
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Condition of Recovering Replacement  Fertility

1. The timing shift of family formation to a younger age; It 
could magnify the range of the effective use of reproductive 
lifetime. The society should support and guarantee early 
marriage and childbearing to be successful. 

2. To support and guarantee late marriage and childbearing 
though the assisted reproductive technology (ART); This 
also expands the range of the effective use of reproductive 
lifetime and the Total Fertility Maximum normal (TFMn).

3. Using the ART, the number, timing and interval of births 
could theoretically be adjusted to the individual desire. 
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Limits of Expanding Lifespan

1. Life expectancy  could be reduced because of increasing 
medical/care cost for the elderly. At least, the focus of elderly 
care in Japan began to shift from the extension of life expectancy 
to the better quality of life.

2. The increasing social capital enlarges individual possibilities to 
artificially control their own lives and also to make a decision 
regarding their own lives.

3. The society can evolve to guarantee the human right not only to 
live but also to die according to their own will. The recent 
tendency indicates the direction to the right for death with 
dignity, mercy killing and suicide. 
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Conditions for Sustainable Future of Human

1. The possibility to control childbearing and lifespan through 
individual decision making will be greater in the future. 

2. As a result, two of the three postulates will be meaningless; 1) 
humans are mortal.2) the maximum number of childbearing is 
limited in a lifetime. But the third must be unchanged; 3)the 
limits of growth exists a posteriori. The principle must be also 
unchanged; the birth rate and the death rate should be balanced 
to 0 for a sustainable population.

3. We need to have a balance between the freedom of individual 
decision making and the social control for births and deaths、 to 
realize a sustainable population, while avoiding a fall to 
eugenics, as happened in the past.
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Thank you for your attention !
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