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Abstract 
The present paper analyzes one of the most important factors in world devel-
opment – the dynamics of global demographic growth, which demonstrates that 
the fears of uncontrolled population growth expressed in the framework of the 
report to the Club of Rome ‘Limits to Growth’ were partially justified and were 
typical for the period before the 1980s. However, statistical evidence after 
more than half a century demonstrates that the situation has changed and in the 
1960s and early 1970s there was a peak of global demographic growth, after 
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which a slowdown began. According to the UN forecasts, by the end of this 
century the population of the Earth will reach its peak, and its decline will 
begin. The authors provide an explanation for the change in the dynamics of 
the global demographic transition – most of economically developed states and 
a significant part of developing countries have moved to the second phase of 
the demographic transition, in which the birth rate falls to a level correspond-
ing to a simple replacement of generations or below that level. At the same 
time, a new problem has arisen associated with a decline in fertility to the 
‘lowest-low’ level – a tendency is formed to the negative natural population 
change in many countries, which is sometimes compensated by migration pro-
cesses. Along with that, the process of population aging is developing in many 
countries of the world with an increase in life expectancy (LE) alongside low 
fertility. The indicated trends in the stabilization of the world population occur 
unevenly, with a fairly significant number of countries (mainly the countries of 
Tropical Africa) in which the second phase started not long ago, and fertility 
rates are still very high. At the same time, there is an acceleration of urbaniza-
tion of the population in many developing countries. The paper also notes mu-
tual influence of demographic processes and developments in various spheres 
of society and provides scenarios for their possible subsequent evolution, high-
lighting as a possible optimum scenario in which the stabilization of the Earth's 
population will reduce the degree of negative anthropogenic impact on the en-
vironment, but will also avoid a significant global depopulation. Given the une-
venness of demographic processes, different approaches to stabilization have 
been noted: stimulating birth rate in countries with the lowest-low fertility and 
acceleration of fertility transition in the countries with very high birth rates. 

Keywords: demographic models, historical demography, population growth, 
demographic transition, depopulation, fertility, Africa.  

1. Current Situation 
Malthusian fears reflected in the first report to the Club of Rome The Lim-

its to Growth (Meadows et al. 1972) at that time were fully justified, since they 
were based on the analysis of statistical data since 1900. To better understand 
the situation and solid reasons for such apprehensions, it appears appropriate to 
consider the dynamics of world population growth over a longer period, from 
the beginning of our era to 1970 (see Fig. 1).  
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Fig. 1. Dynamics of the world population from the beginning of our 
era to the mid-20th century (thousands)  

Source: Maddison Project 2020. 

We can infer from Fig. 1 that the demographic dynamics in the period from 
the beginning of our era to the mid-20th century is not exponential, but hyper-
bolic. This was first noted by Heinz von Foerster and his colleagues in 1960 in 
their article ‘Doomsday: Friday, 13 November, AD 2026’ (von Foerster et al. 
1960), where the title of the article indicates the point of singularity obtained 
through a hyperbolic approximation of statistical data on the dynamics of the 
population of the Earth. Since the World3 model was based on the statistical 
data from the first half of the 20th century, which reflected rapid and ever-
accelerating demographic and economic growth, it is natural that the inertial 
forecast according to the model inevitably led to the depletion of resources at 
the beginning of the 21st century and to a demographic collapse. At the same 
time, the authors of the report believed that the development of technologies 
was unable to rectify the situation and the most realistic way to prevent a col-
lapse was a rapid and radical slowdown in demographic growth (decrease in the 
birth rate). 

Sixty years have passed. What do the statistics show now? Fig. 2 presents a 
graph describing the dynamics of the relative annual growth rate of the Earth's 
population:  
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Fig. 2. Dynamics of averaged rates of the relative annual increase in 
the population of the Earth over the past 1,000 years  

Source: Maddison Project 2020.  

We can see that the maximum rate of demographic growth was observed in 
the 1960s and the early 1970s (i.e., 50–60 years ago). Since then, a steady de-
cline has begun. Instead of the expected singularity, UN forecasts project a rap-
id deceleration of population growth and stabilization of the Earth's population 
by the end of the 21st century (UN Population Division 2022a, 2022b). 

What are the causes for sharp fluctuations in the rates of demographic dy-
namics observed over the past 200 years? The fact is that during this period, 
global demographic transition has been taking place, and is now nearing its end 
(Kapitza 2006; Podlazov 2017; UN Population Division 2019, 2022b; Grinin 
and Korotayev 2015; Korotayev 2020b). Its first phase, associated with the 
transition of mortality from the traditional to the modern type (e.g., Chesnais 
1992; Nath 2020), has already been passed by all countries of the world. As for 
the second phase, associated with the transition of fertility from traditional to 
modern type (e.g., Caldwell et al. 2006; Korotayev, Malkov, and Khaltourina 
2006a), all economically developed countries, as well as a significant part of 
developing countries, have already passed it. On the other hand, a significant 
part of the developing countries, primarily located in sub-Saharan Africa, are 
still very far from completing the fertility transition, and fertility rates there 
remain very high (more than four children per woman) (see Grinin and Korota-
yev 2023; Korotayev et al. 2023; Zinkina and Korotayev 2014b; Korotayev and 
Zinkina 2014, 2015; Nzimande and Mugwendere 2018; Schoumaker 2019; 
May and Rotenberg 2020).  

In most of the economically developed countries, fertility rates did not settle 
at the value corresponding to a simple replacement of generations (2.1 children 
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per woman) after the completion of the demographic transition. Rather, these 
countries experienced a so-called second demographic transition from low to 
the lowest-low fertility (e.g., Lesthaeghe 2020). As a result, they show a steady 
trend towards depopulation, which in some first world countries is still offset 
by the migration increase (e.g., Vollset et al. 2020).  

Another important consequence of the second demographic transition is the 
acceleration of global aging processes against the background of decreasing 
birth rate combined with an increase in life expectancy (LE) (see Grinin, Grinin, 
and Korotayev 2023b). The process of global aging is currently more pro-
nounced in the most developed countries, but it actually covers the entire world, 
which is evident from the increase in median age in all countries of the world (see 
Grinin, Grinin, and Korotayev 2023b; Goldstone 2015; Goldstone et al. 2015; 
Zimmer 2016; Bengtson 2018; Fichtner 2018; Mitchell and Walker 2020).  

As a result of the processes described above, the overall growth rate of the 
world population is currently slowing down (e.g., Korotayev 2020b). However, 
this process is very uneven. A large number of developed and developing coun-
tries (including Russia) are already experiencing absolute population declines 
(see Table; UN Population Division 2019, 2022a, 2022b; Vollset et al. 2020). 
At the same time most countries in Tropical Africa continue to experience ex-
ponential population growth, as demographic inertia there continues to com-
pensate for some decline in the total fertility rate.1  

The processes of urbanization of the World System are unfolding rapidly. 
While in 1950 noticeably less than one-third of the world population lived in 
cities, already in the mid-2000s the share of city dwellers exceeded one half of 
all the people on the Earth, and by the middle of this century, according to the 
forecast of the UN Population Division (UN Population Division 2018), it will 
be noticeably more than two-thirds. At the same time, even in the countries of 
the World System core (according to the classification of Immanuel Wallerstein 
[1987]) only slightly more than one half of the population lived in cities in 
1950. By 2050, the proportion of city dwellers there will approach 90 %. How-
ever, the growth rate of this share in the core countries will noticeably slow 
down as it approaches saturation, which apparently corresponds to this very 
level. In semi-peripheral countries, as early as 1950, only less than one-fifth of 
the population lived in cities, while by the mid-this century, this proportion will 
be about two-thirds. Finally, even in the countries of the World System periph-
ery, more than one half of the population will live in cities, while in the middle 
of the last century this proportion was noticeably below 10 % (see Fig. 3).  
                                                           
1 For a discussion of demographic problems in Tropical Africa see Zinkina and Korotayev 2014a; 

Korotayev, Zinkina et al. 2016; Nzimande and Mugwendere 2018; Schoumaker 2019; May and 
Rotenberg 2020; Grinin and Korotayev 2023; Korotayev et al. 2023. In addition, see Grinin, 
Malkov, and Korotayev 2023.  
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Fig. 3. Dynamics of the urban population share in the total population 
of the world and specific World System zones (empirical esti-
mates for 1950–2020 with a forecast up to 2050)  

Sources: UN Population Division 2018, 2022a.  

2. Demography as a Factor in World Development 
Demography is among the most important factors in the world develop-

ment, as it exerts decisive influence on the main global socio-natural processes. 
In fact, population size is an ‘order parameter’ that determines the most im-
portant features of world dynamics at all phases of the global human history. 
Let us note some important interrelations of the demographic factor with other 
factors of historical development. 

2.1. The Impact of Demography on Climate  
The impact of population growth on climate is due to the growing anthro-

pogenic impact on the environment, primarily due to an increase in CO2 emis-
sions in the course of economic activity (see Akaev and Davydova 2023; Ko-
valeva 2023). In this regard, the projected slowdown in the growth of the 
Earth's population should have a stabilizing effect on the climate, which should 
intensify with a gradual transition to low-carbon (carbon-free) energy. 

Reverse effect:  
– global warming can have a significant impact on demographic dynamics, 

rather indirectly, through the growing problems of providing food to the popu-
lation of Tropical Africa and South Asia, since these regions have not yet fully 
escaped the Malthusian trap (e.g., Korotayev and Zinkina 2015). 

0

10

20

30

40

50

60

70

80

90

1
9
5
0

1
9
6
0

1
9
7
0

1
9
8
0

1
9
9
0

2
0
0
0

2
0
1
0

2
0
2
0

2
0
3
0

2
0
4
0

2
0
5
0

Sh
ar
e
 o
f 
u
rb
an

 p
o
p
u
la
ti
o
n
, %

More developed
regions

World

Less developed
regions

Least developed
regions

1 

2 

3 

4 

1

2

3

4



Andrey Korotayev et al. 152

2.2. The Impact of Demography on the Environment 
Population growth tends to increase CO2 emissions and the amount of 

waste (recyclable, non-recyclable, toxic), impact natural biocenoses in a nega-
tive way, and cause additional deterioration in the quality of the environment 
(air, soil, water bodies) (see Akaev and Davydova 2023; Kovaleva 2023). Re-
spectively, the projected slowdown in the growth of the Earth's population 
should reduce the severity of environmental problems. However, it must be 
borne in mind that in the scenarios implying the most rapid decline in fertility, 
the scale of depopulation is rampant (see Table and Fig. 4), so it is necessary to 
look for a middle ground that would reduce the risks of environmental destabi-
lization as much as possible, on the one hand, but, on the other hand, would 
prevent the risks of excessive depopulation.  

Reverse effect:  
– environmental degradation can have an impact on demography through a 

decrease in the quality of life and an increase in food problems, which are most 
critical in the countries of Tropical Africa and South Asia, since these regions 
have not yet fully escaped the Malthusian trap (e.g., Korotayev and Zinkina 2015). 

2.3. The Impact of Demographics on Technology  
For tens of thousands of years of human existence, demographic growth 

has had a powerful stimulating effect on the development of technology 
(Boserup 1965; Taagepera 1976, 1979; Kremer 1993; Tsirel 2004; Korotayev 
2005, 2007, 2020a, 2020b; Korotayev, Malkov et al. 2006a, 2006b; Korota- 
yev and Malkov 2016; Podlazov 2017; Grinin et al. 2020, 2022). In the long 
term, the global slowdown in population growth can be seen as one of the factors 
behind the slowdown in technological growth: 

– there is a viewpoint suggesting that population ageing can also contribute 
to a slowdown in the pace of technological growth, but this issue requires fur-
ther study, including taking into account the dynamics of perspective ages; 
population ageing can also lead to an acceleration in the development of medi-
cal technologies, as their costs will rise along with an increasing demand for 
such technologies (see Grinin and Grinin 2023; Grinin, Grinin, and Korotayev 
2023b; Grinin et al. 2017, 2020, 2022);  

– in case of depopulation, a decrease in the number of working-age popula-
tion can stimulate the development of labor-saving technologies. 

Reverse effect: 
– impact on fertility: expansion of contraceptives use leads to a decrease in 

unwanted births; the development of artificial insemination technologies con-
tributes to an increase in the birth rate among older women; 

– impact on mortality: the development of medical technologies leads to a 
decrease in mortality (including infant mortality) in developing countries and to 
a general increase in life expectancy (see Grinin, Grinin, and Korotayev 2023b); 
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– impact on migration: on the one hand, the development of transport, in-
formation, communication, and financial technologies increases opportunities 
for migration; on the other hand, the development of remote work options con-
tributes to the reduction of migration (see Grinin, Grinin, and Korotayev 2023a; 
Grinin et al. 2022). 

2.4. The Impact of Demographics on Economy  
Demographic dynamics affects changes in the labor force size (as a result 

of changes in the population age structure and migration processes) – in most 
countries it is expected to significantly decrease by the end of the century; 

– changes in the population age structure cause changes in demand, as well 
as in the structure of budget expenditures (see Grinin, Grinin, and Korotayev 
2023b); 

– changes in the age structure affect economic growth in different ways at 
different stages of the demographic transition. For many countries of the world, 
the demographic bonus is relevant, as economic growth rates can increase when 
dependency ratios decline (Bloom and Williamson 1998; Bloom and Canning 
2008; Bloom et al. 2007; Hawksworth and Cookson 2008: 7–10; Lee and Ma-
son 2006, 2011; Barsukov 2019; Groth et al. 2019; Kotschy et al. 2020; Koro-
tayev, Shulgin et al. 2022). The most developed countries, however, are facing 
a demographic onus due to population ageing (see Ogawa, Kondo, and Matsu-
kura 2005; Komine and Kabe 2009; Park and Shin 2015; Goldstone 2015; Bar-
sukov 2019; Hsu and Lo 2019; Warsito 2019; Grinin, Grinin, and Malkov 
2023a; Grinin, Grinin, and Korotayev 2023b; Grinin, Grinin, and Malkov 2023b).  

Reverse effect:  
– improvement in the material living conditions of the population (GDP 

per capita) due to economic growth affects the reduction in mortality and an 
increase in life expectancy, and vice versa. An economic slowdown in countries 
that have completed the demographic transition may contribute to a further de-
cline in fertility. 

2.5. The Impact of Demography on the Social Sphere  
Population density and urbanization that are still growing globally require 

transformations of social institutions: 
– the growing proportion of older people affects the value system of the 

society. ‘Global ageing’ often provokes negative connotations. However, ac-
cording to some researches, with regard to value system, global ageing can also 
lead to some positive effects due to increased support for prosocial values (see 
Grinin, Grinin, and Korotayev 2023b; Korotayev, Shulgin et al. 2018; Shulgin 
et al. 2019; Korotayev, Novikov et al. 2019; Mayr and Freund 2020; Korota-
yev, Butovskaya et al. 2021);  

– migration can lead to social disproportions and differentiation. 
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Reverse effect: 
– an increase in the level of education in most cases leads to a decrease in 

fertility, and is also correlated with a decrease in mortality (Singh and Caster-
line 1985; Soares 2005; Korotayev et al. 2006a; Kebede et al. 2019; Vollset et 
al. 2020); 

– social stratification affects the differentiation of mortality rates; 
– changes in values (e.g., the spread of the ‘childfree’ ideology) affect birth 

rates. 

2.6. The Impact of Demographics on Politics  
Population ageing can potentially reduce the intensity of violent destabili-

zation processes due to disappearing youth bulges (e.g., Cincotta and Weber 
2021): 

– population ageing can lead to some increase in conservative and right-
wing orientations in society, and provide greater support for conservative and 
right-wing political parties (see Grinin, Grinin, and Korotayev 2023b; Van Hiel 
and Brebels 2011; Tilley and Evans 2014; Korotayev et al. 2018). 

Reverse effect: 
– the influence of politics on demographic processes is channeled primarily 

through changes in legislation and the implementation of state programs (tar-
geted to support the birth rates, reduce mortality, regulate migration, etc.) (see 
Grinin, Grinin, and Malkov 2023b; Grinin, Malkov, and Korotayev 2023; Grin-
in and Korotayev 2023). 

3. Retrospective Analysis of Changes  
in the Demographic Sphere in the Historical Perspective  

(for the last 8,000 years) 
World population growth accelerated significantly after the Neolithic revo-

lution that allowed a tremendous increase in the anthropological carrying ca-
pacity of the Earth (e.g., Livi-Bacci 2017; Korotayev 2020a). Population 
growth occurred to a large extent due to an increase in birth rates and a smooth-
ing out of the peaks of catastrophic mortality, while the overall mortality of 
early farmers was, as a rule, higher than that of hunter-gatherers. The general 
downward trend in life expectancy (LE) after the Neolithic Revolution reached 
its lowest level among intensive farmers (Cohen 1989, 1998, 2009; Cohen and 
Armelagos 1984; Storey 1985; Cohen and Crane-Kramer 2007; Ember et al. 
2017; Algaze 2018; Fagan and Durrani 2018). But the trend towards population 
growth took place due to a certain increase in fertility after the Neolithic 
(Agrarian) Revolution, growth of the anthropological carrying capacity of the 
Earth and smoothing out of catastrophic fluctuations in mortality. A steady sys-
tematic increase in life expectancy began to be observed only as part of the 
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demographic transition that began in the most developed countries in the early 
19th century (Chesnais 1992; Reher 2011; Dyson 2010; Livi-Bacci 2017). 

The demographic transition is a transition from the traditional type of re-
production, which is characterized by high mortality and high fertility, to its 
modern type, characterized by low mortality and low fertility. At the first phase 
of the transition there is a drastic decrease in mortality due to a radical change 
in the structure of causes of death; thus, there is a transition from traditional to 
modern type of mortality. In modern societies, improved food security, devel-
opment of water supply and sewerage systems, dramatic progress of health care 
technologies and expansion of access to them for the wide masses of popula-
tion, as well as the dissemination of modern medical knowledge achieved in the 
course of modernization, have made it possible to establish effective control 
over many types of mortality (Chesnais 1992; Caldwell et al. 2006; Dyson 
2010). At the second stage of the demographic transition, changes affect fertili-
ty. In traditional societies ‘the objective goal [of demographic regulation], re-
flected in cultural norms ... has always been a high birth rate’ (Vishnevsky 
2005: 111) that was necessary in conditions of high mortality in order to guar-
antee that the population would not die out. After a significant decrease in mor-
tality, a decrease in birth rate becomes a necessary condition for maintaining 
demographic equilibrium. ‘Low fertility, ... which, in combination with low 
mortality, reliably ensures the continuity of the process of renewal of genera-
tions, is now turning into a means of achieving a more general demographic 
goal (simple or slightly expanded reproduction, and thereby the goal of birth 
control)’ (Vishnevsky 2005: 114). The current situation is described in Section 1 
of this article. 

4. Demographic Development Scenarios  
As shown above, the most important feature of modern demographic dy-

namics is that in all regions of the world, except for Tropical Africa, a second 
demographic transition has proceeded quite far (or has already been complet-
ed), which is accompanied by a decrease in birth rates and a corresponding 
slowdown in population growth, or even population decline. The only uncertain 
parameter is the speed at which birth rates will decrease in the whole world (at the 
same time, the demographic situation will develop differently in different countries 
and regions). This uncertainty determines a set of probable demographic sce-
narios that were calculated on the basis of mathematical models, taking into 
account current trends and hypotheses about further dynamics of demographic 
processes: 

– the upper scenario implies continued growth of the world population in 
the 21st century with the stabilization of its numbers in the 22nd century; 

– the medium scenario implies stabilization of the world population by the 
end of the 21st century; 



Andrey Korotayev et al. 156

– the lower scenario implies stabilization of the world population with a 
subsequent decline in the second half of the 21st century. 

The upper scenario is derived from the assumption of continued demo-
graphic divergence, implying that fertility in the most developed and moderate-
ly developed countries remains at its current low levels or even declines further. 
Another assumption is that birth rates in Tropical African countries cease to 
decline at values greater than required for population replacement, approxi-
mately at 2.3 children per woman, while birth rates of the Islamic countries of 
North Africa and the Middle East stop declining at a level just above simple 
replacement of generations (about 2.1 children per woman). 

The medium scenario is based on the assumption of demographic conver-
gence, which implies, on the one hand, that the countries that have not yet 
completed the demographic transition will see their fertility rates decline at the 
fastest possible speed to the level of simple replacement of generations. On the oth-
er hand, in the countries with ultra-low fertility, rates will increase and return to 
the level of simple replacement of generations. This scenario seems to be more 
favorable in comparison with the upper scenario, as it will contribute to smooth-
ing the tension between the center and the periphery of the World System, op-
timization of migration flows, prevention of socio-demographic collapses in the 
least developed countries, etc. (for more details see Korotayev et al. 2023).  

The lower scenario assumes a decrease in birth rates below the replacement 
level in all countries of the world without exception, which will cause global 
depopulation. 

The calculations for these scenarios are shown in Fig. 4. These calculations 
correlated quite well with the UN projections presented in the recent issues of 
the World Population Prospects (UN Population Division 2019, 2022b).  

 

Fig. 4. Possible scenarios for world demographic dynamics up to 
2100, billion people (1 – upper scenario, 2 – middle scenario, 
3 – lower scenario) 
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Calculations demonstrate the inevitability of a significant change of popu-
lation numbers in different regions and civilizations, which will significantly 
affect world processes in the course of the 21st century (see Fig. 5).  

 

Fig. 5. Population dynamics in various regions of the world according 
to the medium scenario, millions, logarithmic scale (1 – North 
America, 2 – Latin America, 3 – Western Europe, 4 – Eastern 
Europe, 5 – Russia and CIS countries, 6 – Japan and Korea,  
7 – China, 8 – India, 9 – Southeast Asia, 10 – Middle East and 
North Africa, 11 – Sub-Saharan Africa, 12 – Australia, New 
Zealand, Oceania) 

We can see that, by the end of the 21st century, Tropical Africa will defi-
nitely come out on top in terms of population, overtaking both China and India. 
Moreover, in 2100, every second inhabitant of the Earth will be from Africa or 
the Middle East. These changes are typical for all scenarios and get more pro-
nounced from the lower scenario to the upper one (see Table). 
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Table. Shares of population of the regions in the total population of 
the Earth 

Region 
North 
Ame- 
rica 

Latin 
Ame- 
rica 

West- 
ern 

Europe 

East-
ern 

Europe

Russia 
and 
CIS 

coun-
tries 

Japan 
and 

South 
Korea

China India 
South-

east 
Asia 

Middle 
East 
and 

North 
Africa

Sub-
Saha- 
ran 

Africa 

Aust- 
ralia, 
New 
Zea- 
land, 

Oceania

2020  4.76 % 8.37 % 5.62 % 1.44 % 2.87 % 2.66 % 19.15 % 17.74 % 5.27 % 17.83 % 13.72 % 0.52 % 

2100 
upper 
scenario 

2.49 % 6.48 % 2.26 % 0.50 % 1.15 % 0.75 % 6.76 % 14.01 % 4.22 % 22.55 % 38.43 % 0.43 % 

2100 
medium 
scenario 

2.83 % 7.24 % 2.70 % 0.60 % 1.40 % 1.02 % 9.61 % 15.53 % 4.68 % 22.33 % 31.58 % 0.47 % 

2100 
lower 
scenario 

3.29 % 7.92 % 3.24 % 0.73 % 1.59 % 1.27 % 11.33 % 16.34 % 4.97 % 22.09 % 26.75 % 0.49 % 

We believe that the most favorable scenario for solving existing global 
problems is the medium demographic development scenario (the convergence 
scenario). Stabilization of the Earth's population will slow down the negative 
anthropogenic impact on the natural environment and ensure a systematic re-
duction of this pressure. 

According to IHME calculations (Vollset et al. 2020), in order to achieve a 
favorable demographic development scenario for the most demographically 
lagging countries (i.e., to complete the demographic transition as quickly as 
possible), it would be sufficient to achieve sustainable development goals in the 
field of education (especially women's education) and access to family plan-
ning, which seems extremely plausible (see Soares 2005; Zinkina and Korota-
yev 2014a; Kebede et al. 2019; Korotayev et al. 2023). For developed countries 
to enter the convergence scenario, a rise in birth rates is necessary, which can 
be achieved, first of all, through family policy measures. Research shows that 
the most effective way to increase fertility in the countries with dangerously 
low birth rates is to provide a combination of cash and tax benefits for families 
with children, as well as government programs and laws to support women who 
combine work and raising children (access to kindergarten services, babysitting, 
flexible working hours for mothers, etc.) (see, e.g., Arkhangelsky et al. 2015). 
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