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Abstract 
The analysis of the demographic component and the demographic dimension of 
historical process has unfortunately not been sufficiently studied in the social 
sciences. The demographic development of humankind is even more rarely 
studied in its close connection with technological development. However, this is 
an extremely important aspect that can not only explain essential dimensions of 
the development, but also provide a basis for explaining current processes and 
forecasting our futures. Moreover, in many ways, it is an integral aspect of 
analysis, because it focuses on people, the population, that is the main subject 
of society and humanity. Accordingly, the changes in demographic parameters 
(both quantitative and qualitative) have an impact on the entire social system, 
from technology to ideology as well as on the World System as a whole. Popu-
lation growth is undoubtedly the most important driving force of the develop-
ment of society. The most important subsystem of society, which constitutes its 
material basis, combines population and production. The link between demog-
raphy and production is seemingly obvious, since, on the one hand, production 
determines population growth opportunities and, on the other hand, population 
size affects the production and other opportunities of a society. However, this 
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relationship is not so simple and is also non-linear, and in addition, the corre-
lation between the demographic and production components of societies 
changes significantly over the course of the historical process. It is also not 
always so easy to explain strong fluctuations and transformations in population 
dynamics. 

In the present study, the authors provide an analysis of the demographic 
development of humankind in its close connection with technological develop-
ment, including the 21st century trends. This work, consisting of two articles, 
aims to provide a theoretical framework for the correlation between the devel-
opment of production and technology, on the one hand, and demographic 
transformations, on the other, during the historical process, and to describe all 
major demographic transformations during human history. The work describes 
the historical types of population reproduction (TPR) and the reasons for their 
change. All this makes it possible to make a forecast about the vectors and 
main features of the coming demographic transformation in the twenty-first 
century. 

This (first) article describes theoretical approaches and models of the con-
nection between production revolutions (Agrarian, Industrial and Cybernetic) 
and the largest demographic transformations, and also reflects important 
points influencing population growth and its limitations. It is shown that the 
production revolution and the development of the production principle cycle in 
general change the type of population reproduction, and together they provide 
the most powerful impulse for the qualitative reorganization of the entire social 
structure and social relations and further world-system configurations. The 
authors conclude that every production revolution is followed by a fundamental 
change in demography. And vice versa, population growth causes such changes 
in society and inter-societal relations, communications and diffusion of innova-
tions that it greatly accelerates technological development. However, there are 
many nuances and external inconsistencies in this correlation that require ex-
planation. The latter are given in the second article, which also makes predic-
tions about future demographic transformations. 

Keywords: demographic revolution, demographic transition, production 
revolution, largest demographic transformations, World System, ecological 
niche, population growth constraints, production principle, productive forces, 
global aging. 

Introductory Notes 
Throughout the entire historical process, technological changes have been 

among the main factors influencing demographic growth and socio-cultural 
development. The close relationship between technological revolutions and 
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fundamental demographic changes emerged quite long ago; in fact, it actually 
distinguishes human reproduction from the reproduction of any other living 
beings. In our study, we will consider the dynamics of the relationship between 
production revolutions – the Agrarian, Industrial and Cybernetic (see below) – 
and the largest demographic transformations in the course of historical process, 
including the impact of global aging, which will increasingly affect individual 
societies and the World System in general and further change in the type of 
population reproduction in the 21st century. 

The importance of the topic is all the more relevant since according to ex-
perts, the demographic history has been studied rather insufficiently in compar-
ison with, say, economic history (Vishnevsky 2005). Also, the relationship be-
tween the growth of production and population is not sufficiently traced. But, in 
our opinion, clarifying the correlation between transformations in technology 
and demography will help to clarify the key moments of demographic history. 

The present article will provide the main theoretical foundations for elabo-
rating a model of the mutual influence of production (technological) revolu-
tions and demographic transformations in the course of historical process. 

1. The Correlation Between Technological  
and Demographic Changes: General Ideas 

1.1. On Production Revolutions and Production Principles 
Due to the fact that the article is based on our theory of production princi-

ples and production revolutions, it is necessary to give their brief outline (for 
more details see Grinin 2007a, 2012c; Grinin and Grinin 2013, 2015, 2016; 
Grinin, Grinin, and Korotayev 2020; Grinin and Korotayev 2015). 

According to our concept, the entire historical process can be divided in 
terms of fundamental technological changes into four major periods. These 
main technological stages of the world productive forces, which we call pro-
duction principles, they are: 1. Hunter-Gatherer; 2. Craft-Agrarian; 3. Trade-
Industrial; 4. Scientific-Cybernetic. The change in production principles is con-
nected with production revolutions (= technological revolutions, so we will use 
these terms as synonyms). We consider the beginning of such revolutions as the 
beginning of a new production principle. We single out three production (or 
technological) revolutions that mark the beginning of new production princi-
ples. They are: 1) the Agrarian Revolution; 2) the Industrial Revolution, and  
3) the Cybernetic Revolution (see Fig. 2). We divide each production principle 
into six phases and each production revolution – into three phases. It is im-
portant to note that these three phases of a production revolution are at the same 
time the first three phases of a production principle. The other three phases of a 
production principle are the phases of its maturity.  
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Fig. 1. Production revolutions in historical process 

It is obvious that each production revolution is unique and has absolutely 
peculiar characteristics. But at the same time, there are similarities in their de-
velopment that allow creating a model of production revolution as of a global 
and recurrent phenomenon. Our important idea is that each production revolu-
tion passes through three phases: two innovative (initial and final) and between 
them – an intermediate, modernization, phase (see Fig. 2).  

 

Fig. 2. The structure of production revolutions (their phases) 

During the initial innovative phase, the breakthrough technologies are 
formed, which then spread to other societies and territories. There emerges a 
primary system of a new production principle, which coexists for a long time 
with old technologies. Then the intermediate modernization phase starts –  
a long and very important period of distribution, enrichment, and diversifica-
tion of new technologies of the production principle (which appeared at the 
initial innovative phase), a period of improving inventions, during which condi-
tions are created for the final innovative breakthrough. At the final innovative 
phase a new wave of innovations dramatically expands and improves opportu-

Agrarian  
Revolution 

(12,000/10,000 –
5,500/3,000 BP) 

Industrial Revolution 
(the last third of the 15th – 

the first third of the  
19th centuries) 

Cybernetic  
Revolution  

(from 1950 to the 
2060/2070s) 

Production Revolutions
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nities for a new production principle, which thus, gains full strength. Thus, the 
cycle of each production revolution looks as follows: the initial innovative 
phase (the emergence of a new revolutionary productive sector) – the moderni-
zation phase (distribution, synthesis and improvement of new technologies) – 
the final innovative phase (improving the potentials of new technologies up to 
the mature characteristics; see also Fig. 2). 

As the final phase of the production revolution unfolds, the ‘essence’ of the 
production principle, its opportunities and limitations are revealed, its geo-
graphical scope is significantly expanded due to new societies. As a result of 
the final innovative phase of the production revolution, the new production 
principle reaches its peak.  

The initial phase of the Cybernetic Revolution (in the 1950–1990s) is asso-
ciated with breakthroughs in automation, energy, synthetic materials, but espe-
cially in the development of electronic means of control, communication and 
information. The Cybernetic Revolution is currently in its intermediate modern-
ization phase, during which all previous achievements are widely disseminated 
and significantly improved. The technological and social conditions are also 
being prepared for a future breakthrough. According to our calculations, the 
final phase may start in the coming decades, in the 2030s–2040s. We denote 
this phase of the revolution the era of self-managing systems which, based on 
our assumptions, will last until the 2070s. The scheme of the Cybernetic Revo-
lution is shown in Fig. 3. 

 

Fig. 3. Phases of the Cybernetic Revolution 
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1.2. Interconnectedness between Production Revolutions and 
Demographic Transformations: Basic Ideas 

For the purposes of the present and second article, it is important to realize 
that one of the essential characteristics (and consequences) of each production 
(technological) revolution and its every phase is their huge impact on demog-
raphy. In their turn, the demographic changes ultimately create conditions for 
the transition to a new phase of production revolution. This paper is devoted to 
examining this correlation which is all the more significant since the correlation 
between development of productivity and population growth has been insuffi-
ciently investigated by socio-historical studies. And this sometimes leads to 
serious theoretical misperceptions. As an example here, we can mention that 
some reputable demographers argue that the type of population reproduction 
established as a result of the first demographic revolution remained unchanged 
for thousands of years until the 18th century (Vishnevsky 1973, 2005). Howev-
er, this is not entirely true, and in many respects it is completely false, as we are 
going to prove below.  

The population and its growth are undoubtedly the most important driving 
forces of the development of human society.1 The population growth made it 
possible to settle in new territories and different natural zones and to compli-
cate the territorial location of population, in particular, over many millennia it 
contributed to the process of urbanization and continues to do so; it also com-
plicated the societal structure (in particular, it contributed to the emergence of 
first small and then large states);2 led to the division of labor, cultural and media 
development, the intensification of production and innovation, and much more. 

Unfortunately, the analysis of the demographic component as the most im-
portant and in many respects the central component of historical process is in-
sufficiently considered in the social sciences. However, this is an extremely 
important aspect that can explain a lot in the development of the historical pro-
cess. Moreover, it is in many respects an integral aspect of the analysis, since it 
focuses on people and populations, that is, on the main subject of society and 
humanity (see Grinin 2006а, 2006b, 2011b, 2012а). Accordingly, changes in 
demographic parameters (both quantitative and qualitative) affect the entire 
social system from technology to ideology. 

                                                           
1 And one can trace this already at the earliest stages of the historical process (see e.g., Carneiro 

1970, 1978; Claessen and van de Velde 1985; Claessen 2002; Chase-Dunn and Hall 1997; Fried 
1967a, 1967b; Service 1975; Kremer 1993; Korotayev 1997, 2003а, 2003b, 2005, 2007, 2020a, 
2020b; Grinin 2003, 2004a, 2004b, 2006а, 2007a, 2011а, 2012b; Grinin L. and Grinin A. 2015; 
Grinin and Korotayev 2009). 

2 Henri J. M. Claessen denotes the combination of demographic characteristics as a societal format. 
This concept comprises the size of population, the acceptable demographic pressure on the territo-
ry, and the spatial distribution of population (Claessen 2000a: 3; 2000b: 188; 2016: 7; Claessen 
and Oosten 1996: 5). This format played an extremely important role in creating the conditions 
for the formation of complex polities and early states (see also Grinin 2008, 2009, 2011а). 
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The most important societal subsystem, which forms its material basis, 
combines population and production. This relationship seems obvious, since, 
on the one hand, production determines the possibilities for population growth, 
and, on the other hand, the population size affects the production and other pos-
sibilities of society. However, it is far from being so simple, and moreover, it is 
non-linear, and the correlation between the demographic and production com-
ponents of the life of societies significantly changes during the historical pro-
cess, although preserved (we will show this in more detail in the next article).  
It should be taken into account that people are the most important part of the 
production system (productive forces), and therefore, within the system of pro-
ductive forces (as well as the entire system of production – distribution – con-
sumption), the connection between demography and technology is very close, 
although not always direct (see Table 1). 

Although population growth has been almost continuous, its rate fluctuated 
significantly from period to period. And in the course of the historical process, 
we can distinguish several periods of strong demographic growth, which some 
researchers call demographic revolutions, and we call them largest demograph-
ic transformations (see below; see also Fig. 4). Our work is largely devoted to 
the analysis of these transformations. 

However, it is essentially important that population growth could not and 
cannot be endless. It has always been limited by various factors and we will 
discuss some of them below. And since the population growth has always been 
strictly limited, on the regional and even more on the world-system scale, only 
major technological breakthroughs could make it possible to overcome these 
limitations and reach a fundamentally new developmental level. 

Here we come to the main idea of the present paper: the production revolu-
tion and the progress of the cycle of a production principle in general change 
the type (or pattern) of demographic reproduction, and together they give a 
powerful impetus to a qualitative reorganization of the whole social structure 
and social relations in the World System and in the most countries (societies). 
In Fig. 4 we can see the logic of such an influence and transformation. The 
transition to a new production principle and its strengthening brings more than 
just a growing output. It changes the whole economic life. The main point here 
is that in the world-historical terms, this transition implies creation of not just a 
new, but of such a management system that has great potential in the future and 
can be widely distributed and borrowed. At the same time, the labor productivi-
ty, yield capacity and land productivity can increase manifold and even by or-
ders of magnitude as a result of production revolutions, and this respectively 
creates by an order more volume of produced resources and goods. And finally, 
this leads not just to population growth, but to a change in the type of popula-
tion reproduction. And this, in turn, changes the whole societal structure (ex-
pands and complicates it). 

Hence, every production revolution is followed by a fundamental change in 
demography. And vice versa. The population growth causes such changes  
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in society and intersocietal relations, in communications and diffusion of inno-
vations which greatly accelerate technological development. 

For example, only sufficiently large numbers of population organized by a 
new supreme power could carry out large-scale irrigation in large river valleys, 
which led to the transition to a new – very important and productive – phase of 
the Agrarian Revolution and to its final phase at the end of the 4th – beginning 
of the 3rd millennium BC. In the16th and first half of the 17th centuries, the pop-
ulation growth in England created a significant sector of non-agricultural jobs, 
which employed a substantial part of the population (they were fully or partial-
ly engaged in non-agricultural crafts). In the 17th and first half of the 18th centu-
ries this contributed to a powerful rise in both manufactory and agriculture and 
thus, paved the way for the final phase of the Industrial Revolution (associated 
with the transition to machine production and steam energy). And the powerful 
growth of agricultural production in England became the basis for the start of a 
virtual demographic revolution which resulted in the population growing from 
6 million to 9.4 million (i.e., by 57 % [Davis 2002], an unprecedented result for 
Europe) only in the period from 1740 to 1801. This demographic revolution 
continued for several decades (till the beginning of the 20th century). The global 
population aging, which has intensified during the modernization phase of the 
Cybernetic Revolution, is the impetus for moving towards the final phase of 
this revolution (see Grinin et al. 2023a, 2023b). 

 

Fig. 4. Cognitive scheme of the impact of the production revolution 
on demographic and other changes in society  

Note: LDT – the largest (World-System) demographic transformation (about it see below). 
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As the production principle evolves, the population density increases, 
which is one of the important reasons for the start of a new production revolu-
tion and the transition to a new production principle. 

Table 1. People and their role in the system of production and distri-
bution within different production principles  

PP* 
Pro-

duction

Source 
of 

energy 

Ex-
change 

Distribu-
tion 

Con-
sumption

Accumu-
lation 

Labour 
division

Population 
growth 

General 
economic 

system 
H

u
n

te
r-

G
at

h
er

er
 

Most 
part of 
produc-
tive 
forces 

Major 
part 

Mini-
mal; 
minor 
impact 
on 
econo-
my 

Within a 
narrow 
group; 
tradition-
al, by 
gender 
and age 
and by 
service 

Almost 
immedi-
ate; sub-
ject to 
natural 
cycles and 
environ-
ment 

Stocks are 
minimal 
and natu-
ral 

By age 
and 
gender  

Minor effect 
the system and 
technologies 

People are 
the main 
element; 
technology 
is im-
portant but 
compli-
mentary 
part of the 
production 
system. 
The pur-
pose of 
production 
is to en-
sure the 
survival  
of the 
group 

C
ra

ft
-A

gr
ar

ia
n 

A very 
im-
portant 
part of 
produc-
tive 
forces 

A very 
impor- 
tant 
part, 
but in 
gen-
eral 
begins 
to 
yield 
to 
bio-
logical 
(ani-
mal) 
and 
natural 
energy 

Lim-
ited; 
impact 
on the 
system 
and 
tech-
nology 
is lim-
ited 

Within 
large 
collectives 
and states 
(taxes); by 
social 
status; 
ruling 
minority 
begins to 
influence 
the entire 
distribu-
tion sys-
tem 

Seasonally 
delayed; 
generally 
subordi-
nated to 
the logic 
of produc-
tion, but 
part of the 
population 
is already 
freer and 
more 
variable: 
it affects 
the entire 
system of 
production 
and con-
sumption 

Stocks are 
signifi-
cant; at 
different 
levels of 
society; 
wealth 
appears in 
a special 
form of 
money, 
which 
signifi-
cantly 
affects the 
entire 
production 
and con-
sumption 
system 

Gender 
and age; 
social 
and 
socio-
techno-
logical 
(craft, 
trade); 
deter-
mines 
the 
status of 
a person

Determines the 
scope and 
influences 
technology, 
exchange, the 
system of 
production,  
but especially 
the system of 
distribution 

People are 
the focus 
but the 
role of 
technology 
is growing 
sharply. 
The pur-
pose of 
production 
is to en-
sure the 
socio-
political 
stability  
of a polity 
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Continuation of Table 1 

PP* 
Pro-

duction

Source 
of 

energy 

Ex-
change 

Distribu-
tion 

Con-
sumption

Accumu-
lation 

Labour 
division

Population 
growth 

General 
economic 

system 

T
ra

de
-I

n
du

st
ri

al
 

The role 
of peo-
ple is 
dimin-
ishing 
com-
pared to 
the role 
of 
tech-
nology 

A small 
part  
of the 
energy 
poten-
tial 

Central; 
affect-
ing the 
entire 
system; 
people 
are 
treated 
as mar- 
ket 
partici-
pants 

Within 
states and 
regions; 
complex 
social 
function 
rational, 
the role of 
the state 
fluctuates 

The role 
of con-
sumers 
increases. 
The aspi-
ration to 
constantly 
increase 
consump-
tion and 
growth of 
consumer-
ism  

Very 
complex, 
largely 
determin-
ing the 
entire 
system, 
people are 
included 
in the 
general 
economic 
system as 
those who 
save 
money 

Func-
tional 
and 
techno-
logical 

Becomes an 
important part 
of the whole 
production and 
consumption 
system 

The pur-
pose of the 
production 
is to pro-
vide profit 
to the 
organizers 
within the 
national 
system 

S
ci

en
ti

fi
c-

C
yb

er
n

et
ic

 

Tech-
nologies
start to 
replace 
people 
in 
produc-
tion 

A very 
small 
part  
of the 
energy 
poten-
tial 

Central, 
but with 
an in- 
creasing 
role of 
non-
market 
mecha-
nisms 

In the 
global 
system 
(World-
System). 
Very 
complex, 
everything 
is noticea-
bly related 
to the age 
structure 
and aging 

The main 
role of 
people in 
the system 
is as 
consum-
ers. As a 
result, the 
system 
must 
change in 
terms of 
greater 
predicta-
bility and 
less con-
sumerism 

Very 
difficult, 
but requir-
ing people 
to save 
less at the 
expense of 
non-
market 
and social 
support 
systems 
(this is 
connected 
with 
aging) 

Thanks 
to tech-
nology, 
the 
infinite 
frag-
menta-
tion of 
func-
tionality 
stops, a 
certain 
return 
to uni-
versali-
zation 
begins**

Population 
growth is no 
longer an 
important part 
of the system; 
but the growth 
of life expec-
tancy and its 
material and 
biological 
benefits be-
comes increas-
ingly important

The pur-
pose of 
production 
is to pro-
vide a 
global 
system and 
somewhat 
equalize 
opportuni-
ties for 
people 
from 
different 
places and 
from 
different 
strata 

Notes: * PP – production principle (see above). They are taken in their mature 
phase, which is especially important to take into account for the Scientific-Cybernetic 
production principle (since its mature features have not yet appeared at present). 

** Fragmentation of functionality (i.e. the process of more and more narrowing 
specialization) which continued for many centuries is suspended as a lot of functions are 
transferred to smart and self-managing systems, and people, with the help of artificial 
intelligence and self-managing systems, acquire a variety of competencies and can actu-
ally become generalists: lawyers, doctors, artists, journalists, etc. A process that has 
been going on for decades (and as its result we became photographers, typesetters, cam-
era operators, bloggers, bank operators, ticket masters and so on) will become even more 
important in the future. 
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Table 1 clearly shows that people are always the most important part of the 
production system (productive forces), but within the system of productive 
forces (and in general within the production-consumption system), the role of 
people changes noticeably: the smaller the share of human labor in a product 
(in energy), the less the need for an increase in the number of people, but, on 
the other hand, the higher the productivity of labor and, accordingly, the vol-
ume of production, the higher the role of people in the economic system as con-
sumers and creators of demand. 

2. The Largest Demographic Transformations (LDTs)  
and Production Revolutions 

2.1. The Concept of Demographic Revolution in Demography  

The concept of the demographic revolution was introduced by the French 
demographer Adolphe Landry in 1934 (Landry 1934), who described the pro-
cess of a rapid population growth in Europe and then a sharp decline in the 
birth rates after the First World War as a result of reduced fertility due to abor-
tion, contraception and family planning (i.e., the process which is now more 
often called the demographic transition and which we will discuss later). This 
concept became widely recognized when in the 1950s, a huge population 
growth started in Asian, African and Latin American countries, also known as 
the population explosion (see e.g., Arab-Ogly 1978; Vishnevsky 2005; Ehrlich 
1975; Fischer 1993; Saavedra 2019). Sometimes they distinguish three demo-
graphic revolutions associated: 1) with the transition from an appropriating to a 
producing economy in the Mesolithic and Neolithic (see, e.g., Bocquet-Appel 
2011); 2) with the transition to a modern industrial society in the 18th – 19th 
centuries; and 3) with the above-mentioned revolution in developing countries, 
which was especially intense in the 1950s–1970s. Sometimes only two demo-
graphic revolutions are singled out when the last two are combined into one 
(e.g., Vishnevsky 1973, 2005). 

However, with the development of demographic science, the term ‘demo-
graphic revolution’ lost its ground (and is now used quite infrequently), since it 
was substituted for the concept of demographic transition (introduced by the 
American demographer Frank W. Notestein in the 1940s–1950s [Notestein 
1953; see also Coale 1983, 2013). This substitution happens because the change 
of the type of population reproduction (TPR) as a result of the Industrial Revo-
lution had two pronounced phases: 1) a decrease in mortality with preserved 
high birth rate and, accordingly, rapid population growth; and 2) a decrease in 
the birth rate and a transition to a model of low population growth. So, the no-
tion of demographic transition unified both phases. At the same time, they 
started to denote the first phase as the demographic revolution, although Landry 
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himself (1934) and other researchers spoke and still speak about two phases of 
the demographic revolution (e.g., Vishnevsky 1975); and still some researchers 
use both terms, as, for example, Chesnais (1992). As a result, the concepts of 
demographic revolution and demographic transition are often confused or over-
lap each other. 

In addition, one should point out other important ideas related to the 
demographic theory, which cause inconvenience and insufficiently fruitful 
application of the notion of demographic revolutions to the historical pro-
cess: 

1. For the period of transition to agriculture, the concept of a demographic 
revolution was introduced by analogy with the demographic revolution of the 
industrialization period, but unlike the latter, the former concept was not elabo-
rated, and therefore does not have a proper theoretical relevance. In particular, 
the concept of demographic transition, which is now considered as a process 
first of a powerful increase and then of a decrease in natural population growth, 
could not and cannot be applied to the demographic revolution in the Neolithic. 
Therefore, the description of the ancient demographic revolution in terms and 
methods of modern demographic processes is not always productive, especially 
since the concept of the Neolithic Revolution only partially coincides with the 
process that we denote as the Agrarian Revolution.3 Perhaps, this is related to 
the above mentioned false statements that the type of population reproduction 
established as a result of the first demographic revolution then remained un-
changed for thousands of years until the 18th century (Vishnevsky 1973). In 
fact, as we will show, the transition to intensive agriculture launched profound 
and large-scale demographic changes in societies and gave rise to the Eurasian 
world-system. 

2. The concepts of demographic revolution and demographic transition are 
confused at the country and world-system levels, which in some cases poses a 
serious challenge for theoretical perception (as we will see below).  

3. It has been a long time since the Industrial Revolution of the 18th – 19th 
centuries, and at present a new production revolution – the Cybernetic one – is 
unfolding. The initial – informational – phase of the Cybernetic Revolution 
occurred in the 1950s–1990s, and its final phase will begin in the coming two 
decades. However, since the demographic theory follows its own logic, it turns 
out that the Agrarian and Industrial production revolutions caused related de-
mographic revolutions, while the Cybernetic one did not. But this does not 

                                                           
3 The matter is that the concept of the Neolithic Revolution includes only the process of transition 

from hunting and gathering to primitive agriculture and cattle breeding. Meanwhile, the dramatic 
changes in agriculture, associated with the transition to irrigation and plough farming, occurred 
much later. Within our approach, this was the final phase of the Agrarian Revolution. 
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mean at all that the previous logic of historical process (that each production 
revolution brings a change in the type of population reproduction) is violated 
here. Here, the logic of the analysis of the two most important components of 
the historical process is simply visually violated.  

2.2. The Largest Demographic Transformations and the Type of 
Population Reproduction 

Thus, the problem consists in the lack of a developed theory of correlation 
between major technological and demographic changes. At the same time, as 
we observed, the concept of demographic revolution cannot be applied to the 
description of demographic transformations in the historical process since it is 
not properly elaborated and is actually absorbed by the concept of demographic 
transition. Any attempts to improve it would only increase the terminological 
confusion, and also would not allow us to separate the level of individual coun-
tries from the world-system level. 

Therefore, we will no longer use the concept of demographic revolution. 
And instead we employ the concept of the largest (world-systemic) demograph-
ic transformations (abbreviated as LDT, thus omitting but implying the world-
systemic transformations from the abbreviation). 

The largest demographic transformation (LDT) is a change in the type 
of population reproduction (TPR), as well as in the spatial and social structure of 
population of a society on a world-system scale. 

Notes to the definition: 
 The LDT can be associated both with large quantitative changes in the

population size, and with large qualitative changes in the conditions and pa-
rameters of the population's life (more about it see below). 

 The spatial change is determined by population growth which required
settlement in new or previously sparsely populated territories.4 There would 
also emerge larger settlements. So urbanization was known since the 4th mil-
lennium BC, and in particular it became an important part of the demographic 
changes of the 19th – 20th centuries. 

4 At the level of individual societies (sometimes continents), the major demographic transfor-
mations can be based on active colonization (the colonial demographic model is typical for North 
America, Australia, and Russia). But colonization is usually the continuation/realization of a de-
mographic transformation in a particular natural area supported by technological advances. Even 
such colonization as the one in the Russian South in the 18th – 19th centuries is the result of mili-
tary (technological) revolutions and the victory of civilization over nomads (this also applies to 
the settlement of the US West to an even greater extent). As for the Americas and Australia, their 
settlement is a direct result of the initial / modernization phases of the Industrial Revolution (the 
Age of Discoveries). 
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 A vigorous population growth inevitably led to the complication of soci-
eties and changes in their political and social structure.5 

 It is important to note that the LDTs occur on a world-system scale. The 
matter is that there were observed significant changes in the population size in 
certain countries – the local demographic transformations.6 However, they were 
associated with local improvements, innovations or peculiarities. The World-
System concept, of course, is related to the historical scale of world-systems, 
but in general it shows that this is a change of the type of population reproduc-
tion (TPR) in the leading part of the World-System or in its core.7  

 The LDTs as a world-system phenomenon are associated with produc-
tion revolutions and result from them since the revolutions in technology act as 
an energy and material opportunity for LDT. 

 The LDT generally leads to an increase in the quality of life of the popu-
lation, but the dependence here is indirect (see below for the quality of life). 

2.3. The Type of Population Reproduction (TPR)  

The type of population reproduction8 is a stable pattern of population re-
production, which is formed as a result of the actual technological and socio-
cultural level of societal development. It is characterized by fertility rate, mor-
tality, natural increase, and associated life expectancy and its quality. The TPR 
changes due to the largest demographic transformations. The type of population 
reproduction can change due to an increase/decrease in the birth rates and/or a 
decrease/increase in mortality. At the same time, the decrease / increase in mor-
tality could be total, that is, for all groups of population (e.g., after overcoming 
epidemics, famine, or with improvement of health service) or in certain cohorts 
(among infants or elderly people). 

                                                           
5 Thus, the emergence of the state is directly or indirectly connected with the LDT of the Agrarian 

Revolution, that is, with the accelerated population growth during the transition to intensive agri-
culture (see Grinin 2011a). But, on the other hand, the emergence of states capable of ensuring 
internal peace also contributed to population growth (see below; Grinin 2007b). The development 
of a broad and intensive international trade in food and other essential commodities finally 
brought the countries of Europe out of the Malthusian trap in the 19th century (see more about this 
below). 

6 The World–System originated as an Afroasian world-system in the Middle East with the start of 
the Agrarian Revolution 9–12 thousand years ago (about its development see Grinin 2011b, 
2012b; Grinin and Korotayev 2009, 2012a, 2018; Korotayev, Malkov, and Khaltourina 2006a). 

7 We use a modified version of a term originally proposed by Vishnevsky (1973). 
8 A clear example, though inexplicably rarely discussed, is the transition to cooked foods in the 

Neolithic. This made it easier to assimilate food, to feed children and to help older people, many 
of whom lost their teeth and the ability to chew meat and hard plant foods, to eat better and to be 
less of a burden on the young. Of course, cooked food was known to hunter-gatherers since an-
cient times (there is even evidence that Neanderthals ate boiled vegetables). But without the mass 
production of pottery and the improvement of hearths, cooking food was quite difficult. 
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2.4. Macrohistorical Demographic Trend  

Until quite recently, the change in the TPR was associated with a rapid (by 
several times) growth of population in comparison with previous periods, as 
well as of the population density. That is, it was primarily a quantitative 
change, which would promote certain qualitative changes, which, as already 
mentioned, to a certain extent led to qualitative changes. 

Let us consider this for clarity (explanations to the data will be given below 
but mostly in the second article). We will see that a relative population growth 
decreases from one production revolution to another. Therefore, the Agrarian 
Revolution turned out to have the most effect on the relative population growth. 
We mean that during the Agrarian Revolution the population growth exceeded 
the population growth in the pre-agricultural period in relative terms much 
more than it did as a result of the Industrial and Cybernetic Revolutions. Thus, 
by the start of the Agrarian Revolution, the world population hardly exceeded 
10 million people, while in the 15th century prior to the Industrial Revolution, 
there already lived several hundred millions people (400–500 million, see be-
low and in the second article), that is, the quantity difference is at least 40 times 
(see, e.g., Livi-Bacci 2017; Korotayev 2020a). By the 1950s, when we date the 
beginning of the Cybernetic Revolution, there lived 2.5 billion people. Conse-
quently, during the period of the Industrial Production Principle (i.e., over 500 
years), the world population increased by five–six times. During the seven dec-
ades of the Cybernetic Revolution, the world population has tripled. According 
to forecasts, by the end of the 21st century the world population will hardly ex-
ceed 10–11 billion people (UN Population Division 2023), that is, over the pe-
riod of the Scientific-Cybernetic Production Principle, the population will in-
crease by only four times. Thus, while during the Craft-Agrarian Production 
Principle the population increased by dozens of times in absolute terms, then 
during the Industrial and Cybernetic principles it grew only by several times. 
At the same time, in the 2nd millennium AD, the absolute population growth 
rate per unit of time increased every century. Thus, the relevance of quantita-
tive changes in the population during the historical process decreased, while 
the importance of qualitative changes in people's lives would grow. And this is 
directly related to the technological progress, which step by step replaced hu-
mans as the most important part of production. 

2.5. Qualitative Changes  

The quality of life has been improving for a long time. This is due to the 
growth of technological opportunities and the wealth of society. Of course,  
the distribution of wealth was extremely unfair and unequal, but the quality of 
life increased, albeit very slowly. This process accelerated significantly during 
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the industrial era, and especially during the initial modernization phase of the 
Cybernetic Revolution (poverty reduction). This trend is likely to continue for a 
long time. But all this is an increase in the material quality of life brought about 
by the division of labor and the growth of wealth and technology. The im-
provement in the biological quality of life (which, of course, is associated with 
material well-being) was extremely slow and inconsistent, although it still took 
place, and life expectancy also slightly increased, including due to the devel-
opment of medicine and the social welfare system. But, again, this was mainly 
due to the material improvements in the quality of life. Good food, clothing, 
rest, care opportunities, etc. are the factors that contribute to the increase in life 
expectancy and the decrease in mortality. In fact, in Europe the quality of bio-
logical life began to increase steadily from the 17th – 18th centuries due to tech-
nology, and this has become a trend since the 19th century (although urbaniza-
tion has increased the number of mortality factors). During the Cybernetic 
Revolution, this trend has become very important and will continue to increase, 
albeit with setbacks. 

We can divide qualitative changes into two closely related types: material 
improvements (better nutrition, living conditions, work, etc.) and improvements 
in the biological quality of life (better medicine, special technologies, special 
ways of maintaining health, etc.). 

Although the improvements in material quality of life were observed at 
least since the Agrarian Revolution (in clothing, housing, heating, a variety of 
food, etc.),9 until quite recently it occurred noticeably slower than the popula-
tion quantitative growth (and often did not affect considerable segments of 
population). Only after the completion of the Industrial Revolution the growth 
of material well-being became on a par with the population growth, and later 
overtook it. 

However, during the Cybernetic Revolution, the change of the TPR be-
came mostly associated with qualitative changes. In other words, the latest 
LDT resulted in improvement in quality of biological life (the increasing life 
expectancy, aging, as well as the health-related quality).10 
                                                           
9 Of course, the quality of biological life was sporadically improved since ancient times (take the 

example of the transition to boiled food, or the emergence of medicine). But from the 17th – 18th cen-
turies it was precisely due to technology that it began to grow steadily in Europe, and already 
from the 19th century it became a trend. 

10 Thus, there was a huge local transformation in China from the end of the 17th to the first half of 
the 18th centuries, when the population more than tripled over two centuries from 130 million in 
1650 to 420 million in 1850 (see Ilyushechkin 1986; Mokyr and Foth 2010: 61; see also Ho 
Ping-ti 1956; Perkins 1969: 38; Shiba 1970: 50; Bray 1984: 491–494, 598; Korotayev, Malkov, 
and Khaltourina 2006b). But it proceeds mainly due to social innovations (for details see Koro-
tayev and Khaltourina 2006; Grinin 2010: 267–271). See also Korotayev, Malkov, and Khaltou-
rina 2006b about impressive population growth in China in the 11th century. 
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Now the names of the types of population reproduction should become 
clearer: 1) simple reproduction (natural) was characteristic of the Hunter-
Gather Production Principle; 2) slow growth (social-natural) – of the Craft-
Agrarian Production Principle; 3) fast growth (socio-quantitative) – of the 
Trade-Industrial Production Principle; and 4) qualitative changes (socio-
qualitative) – of the Scientific-Cybernetic Production Principle. 

2.6. Different Dynamics of Production Revolutions and the 
Largest Demographic Transformations (LDTs)  

As we mentioned, one may speak about a correlation between production 
revolutions and the LDTs. In a certain sense, one can even argue that in a cer-
tain aspect, production revolutions and demographic transformations are dif-
ferent phases of the same techno-demographic cycle.11 While the production 
revolution opens up new ecological niches, the LDT fills those niches. 

The different dynamics of technological and demographic changes also 
show that, although this correlation is evident, still due to the acceleration of 
technological process (and the historical process in general), the largest demo-
graphic transformations appear linked not to a single but to several phases of 
production revolutions (see examples below). Also, wars and depressions while 
stimulating growth and technological breakthroughs have a negative impact on 
demographic dynamics. And this was particularly evident in the first half of the 
20th century. 

Due to the different dynamics as well as to a number of other reasons that 
we cannot discuss in this paper, we do not consider the largest demographic 
transformations in terms of cycles similar to those of production revolutions. 
As it is shown above, the cycle of a production revolution consists of three 
phases. We consider the largest demographic transformations as separate events 
(transformations) that are associated with certain phases of production revolu-
tions, as well as with the mature phases of production principles. On the one 
hand, the logic of demographic change implies a change of generations while 
technological breakthroughs can occur even within the lifespan of one genera-
tion (in particular, this applies to the Cybernetic Revolution). On the other 
hand, in ancient times, technological revolutions happened much less frequent-
ly. In fact, thousands of years passed between the initial and final phases of the 
Agrarian Revolution, that is, tens and even hundreds of generations succeeded. 
It is also extremely important to understand that in the last two centuries the 
rate of technological change has accelerated so much that the demographic 
changes associated with them have actually become almost continuous, and 
                                                           
11 Even more so if one keeps in mind that people are the most important and integral component of 

productive forces (see above). 
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still they do not keep up with the change of technologies, while somewhere they 
are ahead of them. And, the growing connectedness of the World System also 
greatly affects both types of transformations but in different ways. Therefore, 
although the logic of the connection between technological and demographic 
changes is very strong, it requires taking into account the difference in dynam-
ics, which we will show in the second article in the explanations and tables. 

We distinguish six largest world-system demographic transformations 
(LDTs) within the historical process. They are systematized in Table 4, and 
described in the final section of the second article. The first three LDTs have 
already taken place. The fourth LDT is also almost completed, but in some de-
veloping countries not to the full extent yet. Today we witness the unfolding of 
the fifth LDT which is associated with aging. The sixth LDT is hypothetical 
and may be associated with the completion of the Cybernetic Revolution and 
the mature phases of the Cybernetic Production Principle.  

We distinguish the following LDTs: 1) the Neolithic (10–5 thousand years 
ago), associated with the transition from hunting and gathering to primitive 
agriculture; 2) civilizational (5000–500 years ago), associated with the transi-
tion to intensive agriculture; 3) the anti-Malthusian (1700–1930s), associated 
with the Industrial Revolution; 4) the LDT of the Third World (1890–1980s), 
associated with a sharp drop in mortality in developing countries and including 
the ‘population explosion’ of the 1950s–1970s; 5) the adaptation to aging 
(1960–2050s), associated with the Cybernetic Revolution and the development 
of the global aging process; and 6) the techno-biological (2060–2220s). The 
first three LDTs have already taken place. The fourth has also largely been 
completed, although it is still ongoing in some developing countries. The fifth 
LDT, associated with aging, is currently taking place before our very eyes. The 
sixth LDT, associated with the completion of the Cybernetic Revolution and 
the mature phases of the Cybernetic Production Principle, the transition to deep 
aging with a significant increase in life expectancy, is predictable. 

3. The Major Limitations to Population Growth 
It is obvious that there are more or less severe limitations to population 

growth at each stage of the historical process. 

3.1. The Hunter-Gatherer Production Principle 

The most important factors limiting the population growth among hunter-
gatherers are: 

а) a sufficiently large area necessary to supply an individual (in some Sibe-
rian regions the so-called ‘hunter's path’ was about 300 km long); 
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b) the inability to hunt more game or harvest more plant food / useful bio-
mass than is allowed in a particular area without affecting its reproductive ca-
pacity in the future;  

c) the need for fairly large ‘neutral’ territories between communities; 
d) scarcity of other (non-food) resources (e.g., in the north it is the fuel 

scarcity);  
e) if a settlement is permanent, then the resources are limited; if people 

have to constantly migrate, then a large number of children is a huge burden 
during roaming;  

f) during the pre-agrarian period, women had natural limitations associated 
with a long lactation period (due to the inability to feed infants with other foods 
that are too coarse for them). Hence the limitation of conceptions and births due 
to prolonged lactation. There were also other factors that reduced the female 
fertility during the hunting-gathering period compared to the agrarian period, 
for example, a low-carbohydrate diet (see, e.g., Bocquet-Appel 2011; Livi-
Bacci 2017);  

g) high natural infant mortality rate characteristic of a nomadic lifestyle.  

3.2. The Craft-Agrarian Production Principle 

In a pastoral society some restrictions were eliminated, but the number of 
pastoralists directly depended on the size of pastures. 

In agricultural societies, population growth was limited by the following 
factors: 

а) the amount of cultivable land (as well as the need to leave most of the 
cultivable land for idle land in extensive/slash-and-burn agriculture) (see, e.g., 
Boserup 1965); 

b) the fertility of the land, although the development of technology could 
increase this fertility; 

c) favorable climate and other available natural resources (forests, rivers, etc.); 
d) the danger of natural disasters and epidemics; 
e) external threats and conflicts with neighbors; 
f) the quality of domestic peace and order provided by political power. And 

a well-organized and long-existing centralized state was an exception rather 
than a rule during this period. 

Let us consider these limitations in detail. 
The population growth depended on fertility of the soil and the amount of 

cultivable land, which is sometimes defined as the carrying capacity of the eco-
logical niche that people occupy. It is possible to calculate mathematically the 
maximum possible population in a certain area with certain technologies. But, 
as a rule, society could hardly even come close to this mathematical limit, since 
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the conflict factor came into play. We believe that after occupying half of the 
possible capacity (or even far from reaching this half) it became congested: the 
settlements would become situated too close to each other and friction arose 
(Carneiro 1987; Korotayev, Malkov, and Khaltourina 2006b; Grinin 2007b; 
Grinin and Korotayev 2012b; Zinkina, Korotayev, and Andreev 2016).12 In 
addition, waste products polluted large areas. And if the population density 
increased, for example, in cities, there would spread contagious diseases that 
could eliminate most part of inhabitants. If the climate changed, then the capac-
ity of the ecological niche often reduced dramatically, with all the consequen-
tial effects (see, e.g., Lee 2007; Parker 2013). Crop failures, which could occur 
from time to time, also had a strong effect on population growth. The danger of 
wars and raids had considerable effect and made it necessary to leave large un-
occupied territories or use places with better natural protection, such as hills 
and high banks (which were few). 

But there were exceptions when highly organized power, inner peace, at-
tention to management led to a considerable population growth. China achieved 
especially great successful here (see, e.g., Grinin 2007b; Grinin and Korotayev 
2012b; Korotayev and Khaltourina 2006). In such cases, the population could 
amount large numbers (tens, and in some cases even hundreds of millions of 
people).13 And although the population growth generally led to intensification 
of agriculture (Boserup 1965), even in these states the population growth could 
not be infinite. In this case, the population growth was already limited by envi-
ronmental opportunities (the amount of land and other resources, as well as the 
increased risk of epidemics, conflicts, etc.) (see, e.g., Chu and Lee 1994; 
Nefedov 2013, 2014b; Korotayev and Khaltourina 2006; Korotayev et al. 2011; 
Lee and Zhang 2010; Korotayev, Zinkina, and Andreev 2016). Sometimes, due 
to some technological innovations and development of new territories, the eco-
logical niche expanded dramatically and the population increased considerably 
(as was the case in Sung China in the 11th century AD, when, thanks to the de-
velopment of the South, new varieties of rice and other technological innova-
tions, the population almost doubled from 60 million to 100 (see Kychanov 
1986; Lapina 2002; Korotayev and Khaltourina 2006; McNeill 2013; Zhao and 
Drechsler 2018). However, in any case, the agricultural economy had certain 
optimal population limits, since sustainable production growth in such systems 
is an exception rather than a rule. Sooner or later, the land became scarce. So-

                                                           
12 Including wars for rich territories. They occurred from ancient times and even among the pre-

state peoples. E.g., bloody battles took place between the Indians, in particular the Sioux and the 
Chippews, for the wild rice fields (Lips 1956: 105–106). 

13 In addition to China, here one can mention Egypt and Babylonia, some countries of Central Asia 
and Europe (already at the later stages of the Craft-Agrarian production principle). 
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cial tension would increase in the context of lack of land and resources, and 
increasing taxes and injustice (see, e.g., Usher 1989; Nefedov 2004, 2014a; Ko-
rotayev and Komarova 2004; Grinin and Korotayev 2012b; Goldstone 2016; 
Korotayev 2017). 

Thus, partial overcoming of limitations on the basis of a technological 
breakthrough led to the emergence of long-term (from several decades to two to 
three hundred years) demographic cycles: as a result of rapid population 
growth, a country or region fell into the so-called Malthusian trap (Malthus 
1798; Artzrouni and Komlos 1985; Steinmann and Komlos 1998; Kögel and 
Prskawetz 2001; Komlos and Artzrouni 1990; Steinmann et al. 1998; Wood 
1998; Korotayev, Zinkina et al. 2011; Korotayev, Malkov, and Grinin 2014; Zin-
kina and Korotayev 2014; Korotayev, Zinkina et al. 2016; Korotayev and 
Zinkina 2014, 2015, 2022), social tension arose due to the land scarcity, in-
creasing poverty and considerable stratification. As a result, society entered a 
period of catastrophes and disasters (for more details see Nefedov 2007; Koro-
tayev 2006; Korotayev, Komarova, and Khaltourina 2007; Grinin 2011а; Gri- 
nin and Korotayev 2012b; Usher 1989; Chu and Lee 1994; Komlos and 
Nefedov 2002; Nefedov 2004, 2013, 2014a, 2014b; Korotayev and Komarova 
2004; Korotayev and Khaltourina 2006; Turchin and Nefedov 2009; Mal- 
kov 2009; Korotayev, Zinkina et al. 2011; Lee and Zhang 2010; Korotayev, 
Zinkina, and Andreev 2016; Goldstone 2016; Korotayev 2017; see also Borsch 
2004, 2005).14 

This was all the more probable since the first more active and talented rul-
ers could be replaced by others, soft and more infantile, prone to wastefulness 
and short-sighted.15 The social system, when facing restrictions, would become 
unstable and collapsed under adverse circumstances (wars, invasions, and pro-
longed crop failures). This could lead to socio-demographic catastrophes, while 
the loss of population as a result of famine, epidemics, invasions, and other 
cataclysms sometimes numbered many millions or even tens of millions of 
people. 

As already mentioned, the long-term (‘secular’) socio-demographic cycles 
are not characteristic of all agrarian society, but only of some of them, the high-
ly organized ones, which generally were an exception to the rule and which 

                                                           
14 About the Malthusian trap see Artzrouni and Komlos 1985; Steinmann and Komlos 1988; Kom-

los and Artzrouni 1990; Steinmann et al. 1998; Usher 1989; Wood 1998; Kögel and Prskawetz 
2001; Grinin and Korotayev 2010, 2012b; Grinin, Korotayev, and Malkov 2008а, 2008b; Grinin, 
Malkov et al. 2009; Nefedov 2014c; Guschina and Malkov 2014; Malthus 1798; Korotayev, Zin-
kina et al. 2011; Korotayev, Malkov, and Grinin 2014; Zinkina and Korotayev 2014; Korotayev, 
Zinkina, Goldstone et al. 2016; Korotayev and Zinkina 2014, 2015, 2022. 

15 This trend of dynastic degradation was brilliantly described by the 14th-century Arab sociologist 
Ibn Khaldūn (1958, 1980, 2008). 
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contributed a lot to the development of civilizations.16 As for demographic ca-
tastrophes in Europe (primarily in Western Europe), they were associated, in 
particular, with epidemics.17 Let us consider the figures. The (total) population 
of Europe amounted 38.5 million in the year 1000; 73.5 million – in 1340; and 
50 million – in 1450 (Russel 1975: 36). That is, we observe a fairly considera-
ble for the Middle Ages twofold population growth within 340 years (due to the 
rise of agricultural, industrial, state and other cultures), and then a terrible de-
population associated with bloody wars, climate deterioration, other disasters, 
but especially with the plague (Black Death) after 1347 from which the popula-
tion could not recover even a century after. During three years of the first wave 
of the epidemic in 1348–1350, the mortality in some countries reached 25 % (!) 
(Russel 1975: 55; see also, e.g., McNeill 1998; Livi-Bacci 2017). 

3.3. The Trade-Industrial Production Principle 

For a long time (up to the beginning of the 19th century, and in some places 
even later), the limits of the previous period, that is of the described above Mal-
thusian type, were still strongly perceived, so the amount of cultivable land 
generally defined the ecological niche. During the Modern Age, the ecological 
niche expanded markedly, for example, due to new lands, colonial economy, 
growth in trade and new crops (see Grinin, Korotayev, and Malkov 2008b; 
Grinin et al. 2009).18 But although considerably expanded this niche was still 
determined by the amount of cultivable land. 

But as a result of the final phase of the Industrial Revolution, the develop-
ment of science, culture, sanitation and medicine, the new conditions for popu-
lation growth were created due to a significant decrease in mortality. The old 
restrictions were still preserved and sometimes quite acutely, but in general, 
they were weakened.19 

                                                           
16 On the other hand, in some societies or during certain long periods, under the influence of factors 

such as under population, favourable climate fluctuations, or development of new lands, etc., the 
demographic restrictions would not work. 

17 In fact, the first depopulation was caused by the collapse of the Western Roman Empire and the 
barbarization of Europe (when the efficiency in agriculture, productivity and the ecological niche 
decreased). Thus, in the period from 500 to 650, the population of Europe, according to some 
sources, decreased by one and a half time, from 27.5 million to 18 million people (Russel 1975: 36). 

18 In the 16th – 18th centuries very valuable and productive agricultural crops plants spread from the 
New World to the Old World, primarily corn and potatoes which played an important role in the 
development of agriculture and population growth not only in Europe but also in Asia and Africa 
(in the latter, the batata, or sweet potato became of large importance) (see, e.g., Frankema 2019; 
Zinkina et al. 2019; Galesi 2022). 

19 So, while in 18th-century Britain there was enough grain both to meet their own needs and for 
export, then by the mid-19th century the situation had changed, the country could not provide it-
self with agricultural products. However, the population growth did not stop, now the growth of 
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It is very important to note that by the end of the 19th century, the limita-
tion on the population growth was generally eliminated in societies where its 
number was determined by their own agricultural productivity. Now the popu-
lation in such societies appeared involved into Industrial production and could 
grow significantly due to food imports. This could only happen as a result of a 
powerful expansion of trade in grain and other products within the World Sys-
tem, which meant the escape of industrial countries from the Malthusian trap. 
Thus, the growth of agricultural production in some countries supported the 
growth of industry and science in other countries. As a result, in general, there 
is a considerable population growth, especially in industrial and industrializing 
countries. 

However, the escape from the Malthusian trap did not mean the elimina-
tion of other limitations, which began particularly evident against the back-
ground of increasing population and changing demographic proportions. In 
particular:  

a) in the 20th century, famine was still a frequent phenomenon in Rus-
sia/USSR, Asia and Africa; 

b) social cataclysms and wars significantly influenced the limits of popula-
tion growth in many countries in certain periods; 

c) insufficient (by today's standards) development of medicine and phar-
maceutics, as well as of social and health education hampered further reduction 
of mortality rate (in other words, the limits of its reduction were outlined). And, 
by modern standards, the mortality rate was, of course, still high for a relatively 
young European society; 

d) insufficiently high (by today's standards) level of the GDP per capita, 
absence of social policy, which began to be fully implemented only at the be-
ginning of the Scientific-Cybernetic production principle, with a strong social 
and property stratification, – all these put restrictions on the possible increase of 
life expectancy, the subsistence of large families and caused social upheavals. 
Wars also appeared a fairly significant factor; 

e) urbanization became the most important limitation (which was one of 
the most characteristic features of the type of population reproduction during 
industrialism). The birth rate in cities (including in pre-industrial periods) was 
always lower than in rural areas, while the mortality rate could be higher. Cities 
grew due to migration from the countryside. When urbanization achieved high 
rates (see Davis 2002; Zinkina et al. 2019), the overall birth rate began to fall 
significantly as a result of both increased modernization and influence of a 
number of other factors (Chesnais 1992; Caldwell et al. 2006; Reher 2011). 
                                                                                                                                 

grain imports (the result of a powerful development of trade and the improvement of maritime 
transport) allowed the population to grow rapidly (e.g., Persson and Sharp 2015). 
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3.4. Scientific-Cybernetic Production Principle 

The beginning of the Scientific-Cybernetic Production Principle was 
marked by a phenomenon that was called a population explosion. While during 
the Paleolithic the population grew by 3 % per millennium (see in the second 
article), then in the 1960s there were years when the population of the Earth 
grew annually by almost 3 %! 

The inability to feed a rapidly growing population was one of the pressing 
problems in developing countries. And the dramatic growth of population only 
exacerbated this limitation, bringing to life the gloomy Malthusian forecasts, 
the possibility of a transition to zero growth was actively discussed (Spengler 
1976; Arab-Ogly 1978; Ehrlich 1975). However, during the 1940s – 1980s there 
occurred the so-called Green Revolution in the developing world, which signif-
icantly loosened these limitations (see, e.g., Pingali 2012; Grinin and Korota-
yev 2015). 

The latter was of particular importance for the countries such as Mexico, 
Korea, India, Pakistan, Indonesia and a number of other states. In particular, it 
was possible to develop varieties of rice and other cereals adapted to the char-
acteristics of specific countries (Philippines, India, etc.), which were many 
times higher in yield than the previous ones. During the Green Revolution, the 
progress in agricultural technology was much faster in many third-world coun-
tries. The successes were impressive and even remarkable. Overall, over the 
past 50 years, the Third World has witnessed exceptional growth in grain 
yields, despite increasing land scarcity and rising land costs. Although the pop-
ulation more than doubled, cereal production more than tripled with only a 30 % 
increase in cultivated area (Wik et al. 2008; Pingali 2012). Between 1960 and 
2000, the yields in all developing countries increased by 208 % for wheat, 109 % 
for rice, 157 % for corn, 78 % for potatoes and 36 % for cassava (FAO 2004; 
Pingali 2012; Grinin and Korotayev 2015, 2016; Grinin and Grinin 2015), and 
this caused a powerful demographic growth (population explosion). 

Here, by the way, it will be useful to recall the historical analogy about 
Sung China in the 11th century AD, which we discussed above. In both cases, 
we see an obvious correlation between technological and demographic trans-
formations, only in China it was a local (albeit very large) demographic transfor-
mation, and in the developing countries of the second half of the 20th century it 
was a world-system one. 

Thus, already the first decades of the Cybernetic Revolution significantly 
removed the previous limitations due to the development of production, sci-
ence, medicine, etc. and green revolution in developing countries. However, 
along with these achievements in the elimination of limitations, fundamentally 
new obstacles for population growth appeared. 
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Paradoxically, the main constraint for population growth (first in devel-
oped, and then in many developing countries) was science and medicine which 
gave rise to a population explosion, reduced mortality and increased life expec-
tancy. As soon as contraceptives and many other opportunities to limit births by 
planning a family appeared, the psychology of people (also due to the explo-
sively growing coverage of population with modern education), especially of 
women, began to change dramatically towards liberation from children and to 
having one or two children and even towards total childlessness (e.g., Caldwell 
et al. 2006; Korotayev, Malkov, and Khaltourina 2006a; Lesthaeghe 2020).20 
This was facilitated by a targeted policy and propaganda of the ideology of reg-
ulating family and striving for women's equality.21 

There are a number of other important limits to population growth: 
a) the process of population aging along with changing share of older peo-

ple in the population of societies naturally limit the overall fertility and lead to 
an increase in the death rate; 

b) globalization has led to the understanding of the scarcity of the Earth's 
resources, in particular in the limitations of ecology and climate. Thus, at the 
present moment, although the Malthusian limits have been reduced, and the op-
portunities provided by science and technology seem almost unlimited, the con-
straints of the Earth becomes the limitation for population growth; 

c) the example and authority of developed countries play an important role 
in terms of demographic policy for many developing countries. 

Conclusion. Towards Cybernetic Society 
Thus, we have shown that every production revolution is followed by a 

fundamental change in demography, which we have called the largest demo-
graphic transformations, while the population growth, in turn, causes huge 
changes in society and greatly accelerates technological development. We also 
found out that as a result of the development of the cycle of the production 
principle, a change occurs in the type of population reproduction, and together 
they give a powerful impetus to the qualitative reorganization of the entire so-
cial structure and social relations. 

In the second article, we will show, but in more detail, in conjunction with 
historical changes and facts, how these theoretical models have been imple-
mented in different periods of the historical process; we will present a detailed 
                                                           
20 Thus, in the United States the number of childless households (which, of course, includes older 

people whose children are already grown) increased in the period from 1960 to 2020 from 51 to 
74 %, respectively (Urnov 2022: 40). 

21 Both the government and business benefited from the decrease in the birth rate, because this 
raised the standard of living and gave the so-called demographic dividend and freed up many 
millions of women for the labor market. 
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analysis of the largest demographic transformations, their causes and conse-
quences. On this basis, we made predictions about the vectors and main fea-
tures of the coming demographic transformation in the 21st century, associated 
with the completion of the demographic transition and the process of global 
aging. The latter process also receives little attention in social science; howev-
er, according to the authors, it is this process that will determine the largest 
transformations in the current century. 

The correlations we have revealed are important not only for understanding 
of the historical process. They are also the basis for the scientific forecast of 
changes in the population reproduction model as well as the type of population 
reproduction in the 21st century, and how this type will correspond to the largest 
world-system demographic transformations. We are talking about very serious 
qualitative changes in the demographic sphere. And in particular, these chang-
es, together with the technological changes, lead to the formation of a new type 
of society – the cybernetic society. 

We can present the authors' vision of what the future society will be like, a 
future society which will be formed as a result of numerous transformations. 
We denote this new unprecedented type of society as cybernetic society be-
cause its formation will be inextricably linked with the completion of the Cy-
bernetic Revolution. We expect that it will be a society, which will have fun-
damentally new characteristics and consequently will be very different from all 
previous societies. Why? On the one hand, it will be closely linked to profound 
technological changes in the management and regulation of our lives at all lev-
els. On the other hand, it is inextricably linked to the process of global aging; 
moreover, aging becomes an integral part of society. As it develops and social 
institutions adapt to it, no sphere of society will remain unchanged, including 
technology, economy, consumption, social sphere, ideology, ecology, interna-
tional relations, etc. In short, this cybernetic society is an elderly society with 
institutionalization of age, relying almost entirely on smart (cybernetic) technol-
ogies and self-managing systems. Accordingly, this society will have its strengths 
and weaknesses, successes and even triumphs, but it will not be free of some 
serious problems and tensions. Cybernetic society will have to go through a 
difficult path of social frictions, conflicts, and optimizations before many things 
become institutionalized. Techno-social regulation has important advantages, 
but it also involves coercive violence against the will and freedom of people. 
Therefore, a long period of adjustment will be necessary to optimize regula-
tions in order to take into account a variety of needs, desires and problems. 

Thus, the cybernetic society is a society that will emerge as a result of the 
completion of the Cybernetic Revolution, which will be (a) super-techno-
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logical; (b) socio-technologically regulated at all levels; (c) a society where, as 
a result of the aging process, the division into age categories will become much 
more socially significant than it is today (i.e., age will become a much more 
important social marker than today).  

Let us consider the expected shape of cybernetic society in various fields 
(see Fig. 5): 

1) in the technological sphere, the active development of self-regulating
and self-managing systems is expected, which will make it possible: a) to en-
sure an increase in life expectancy and an improvement in the quality of biolog-
ical life, which will intensify the process of global aging; and b) to transform 
political, administrative, managerial, social and economic relations; 

2) in the demographic sphere, we expect: a) stabilization of the population
(or movement towards it) on a global scale; b) an increase in the proportion of 
older people in some societies, which will lead to a marked increase in the so-
cial and political importance of these age cohorts; 

3) in the economic sphere, we expect that: a) the aging of the population
will lead to a certain conservatism in needs and demand (Grinin, Grinin, and 
Korotayev 2020). This will lead to a noticeable reduction in consumerism and a 
rebalancing of the economic model of supply, demand, and consumption. In 
particular, the movement from the acquisition of goods towards the improve-
ment of biological quality of life and healthy lifestyle will intensify; b) capital-
ism as an economic structure will persist (about the evolution of capitalism, see 
Grinin, Malkov, and Korotayev 2023; Malkov, Grinin et al. 2023), while mar-
ket relations will change towards greater stability and predictability (i.e., market 
volatility will decrease) due to the fact that self-regulating systems will be the 
leading technologies, and they essentially require certain stability; 

4) in politics and administration, the development of self-regulating sys-
tems will lead to very significant, one might even say revolutionary, changes in 
the field of governance, because many social and administrative relationships 
will be regulated by these systems. This will take place both at the level of in-
dividual administrative units and cities (so-called smart cities), and at the level 
of the state as a whole. The result will be the emergence of what we have called 
the ‘electronic state’. This will lead to a sharp reduction in the number of bu-
reaucrats, as well as to the ‘cheapening’ of the state, and to a reduction in the 
vices associated with management (corruption, bureaucracy, etc. [see Grinin, 
Grinin, and Korotayev 2021a]). But this will also create a number of problems. 
On the one hand, with the development of social self-regulating systems a tran-
sition to direct democracy through permanent electronic voting is very likely. 
But, on the other hand, the use of self-regulating systems in governance will 
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lead to increased technological and political control. We expect this to lead to 
a particular type of political regime, something like democratic authoritarian-
ism. Finally, the role of older people in politics will increase dramatically 
and, accordingly, age will become an important line of political agitation (for 
more details see Grinin and Grinin 2023; see also Grinin Grinin, and Korota-
yev 2021); 

5) in international relations, as a result of changes in individual societies, 
as well as the emergence of a new world order, the coordination of societies 
will increase. It is also very likely that countries with older populations will 
become more peaceful, with less ambition to wage war (Grinin, Grinin, and 
Korotayev 2023a); 

6) in the social sphere, it is expected that: a) age will become a very im-
portant social marker; b) regulation using the self-regulating systems will 
cover society from top to bottom, which can cause social tensions; c) social 
tensions between different age cohorts are very likely, as a result of which the 
institutionalization of age is expected to occur; d) the importance of the rela-
tionship between the individual and technology will increase, and a kind of 
socio-medical-technological sphere will arise, in which people will be forced 
to stay almost constantly. This will affect, first of all, the elderly and the dis-
abled, whose lives will be significantly regulated. In our opinion, only in such 
a socio-technological environment is it possible to move towards increasing 
life expectancy. It can be assumed that society as a whole will become more 
solidary; however, ageism, the contradictions between age strata, between con-
servatism and the need for technological progress, between the rights to per-
sonal freedom and socio-technological restrictions will be felt quite strongly 
(Ibid.);  

7) in the field of ecology and impact on the natural environment, an im-
portant role will be played by the understanding that an increase in life expec-
tancy and its biological quality is possible only under certain environmental 
standards, otherwise the harm to health from bad ecology will undermine all 
the successes of medicine. Thus, we assume that a good ecological situation 
should already be a prerequisite for cybernetic society to reach its maturity. 
Of course, one cannot rule out a scenario of worsening climate and environ-
mental conditions. However, this will definitely delay the transition to cyber-
netic society. 
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Fig. 5. Subsystems of cybernetic society 
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