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Of all the global problemslooming on our common horizon that of population growth comes first. It sets the scene for considering major
issues of social and economic development, of science, education and art, of growth and security. In dealing with these matters a new
way has to be found to comprehend the challenge of change. For one has to go beyond the agenda of demography and economics,
sociology and anthropology, and see mankind as an evolving system. Without a broad vision of our past it is impossible to understand
the present predicament of mankind, the crisis now facing us in so many dimensions of life, and project our future development. In this
New World, not dictated by numerical growth, education and science will become the main issues in a knowledge society of an

information- dominated world. It is then, where the old outnumber the young, to be sustainable, a new system of values are to develop.

1. Introduction

The world is now passing though an immense
demographic revolution, for during this time of ichp
changes the very meaning of our growth is challdngeit
from the very beginning a straightforward questwould

2. Methods of Mathematical Modelling

Mathematical modelling, which to some may seemedo b
abstract and detached, mechanistic and lackingumaln
compassion provides for a quantitative descriptibrour
development. Now these methods are instrumental in

be answered. What does this broad approach, with amleveloping the theory of global population growih2].
extensive time scale — spanning a million years andThese methods, with new metaphors, enlarge theesobp

encompassing all the people ever inhabiting oungtla-
really mean for each of us, our town or countryemhwe
live. For do not the local circumstances provide tlaht
matters for explaining the facts of life? That isiywfor
many these studies may seem to be out of place an
irrelevant to what is happening here and now. Trienver

is that all large-scale events of history, evenghihat
occurred in our past does matter for the life amtibeing

of every one of us today, as these consequencestare
subtle and indirect, the profound messages of tyisteing
slow in coming, but full of meaning. They deal with
connections between generations, values, and thg ve
sense of our existence. The intellectual traditibiRussia
shows the power of this approach in our thinking tese
signals are most in demand at a time of crisissTwe are
dealing with an interdisciplinary problem in aneatipt to
describe the human experience right from its begmn

Probably the first to apply mathematical reasoning
social problems was Thomas Malthus. Malthus progpose
the population principle — that resources set timitd to
growth, and hunger limits the multiplication of pd®. His
ideas have had singular influence on economistjgad
scientists and moral philosophers for the last hwadred
years. Interest in his legacy has been arousedhby t
reports to the Club of Rome suggesting that thmitti to
growth’ are due to limits in resources.

The following study refutes these Malthusian cotsemd
indicates that in an open, evolving and self-orgiagi
system of the global population, internal
determine growth. Stated as the population impezathis
principle operates throughout the whole developnant
mankind. What determines global development is the
growth and distribution of knowledge. That is whpdern
society is described as a knowledge or informadiaciety.

To accept this, a new way for describing our grohdk to

be worked out, taking into account the past, wiscmuch
closer than we think at the present critical stafgghange.

our thinking and vision. Most of these concepts edrom
physics are of a modern, non-linear vintage — like
collective interactions, chaos and self-organisatiith
causality expressed in probabilistic terms. In dmpiag
the model by averaging the data and processesuthber

of variables are reduced to a single one — to thbaj
population. In this case the growth rate is seerbd¢o
proportional to the square of the total numbereadpe on
Earth expressing the network complexity of the renti
population of the world, as a single dynamic system

In this way one can get away from the ‘curse of
complexity’, for Herbert Simon has noted that “Foyears

of experience in modelling complex systems on
computers, which every year have grown larger astef,
have taught us that brute force does not carrylarsgaa
royal road to understanding such systems. Modeltimgn
calls for some basic principles to manage this derity.”

The model is based on a holistic description bsothticing
a phenomenological interaction, which takes intooaat
all relevant factors of social, economic, culturaipral,
ethnical and biological nature contributing to gtbwr his
non-linear global co-operative interaction cannog
reduced by an addition of all partial factors amalt tis why
reductionist models do not work. To this interastiwe
owe the stable hyperbolic blow-up of human numbieos.
to date human beings have spread all over the clolde
outnumber by five orders of magnitude — a 100 (9@g,
more than all other animals of comparable size and

processesposition in the food chain. Only domestic animals,

husbanded by man,* are attached to the human papula

What is remarkable that growth, in the first appntation,
is for more than a million years dynamically setfitar
and scales. By introducing the human life spanSofdars
the limits of scaling may be determined. This pded for
a very plausible estimate for the beginningle human

*In this text the term man and mankind refer toghrusHomo.



story 4 — 5 million years ago and describes thesgmges
through the demographic transitiodp to the transition
growth follows a hyperbolic curve, going off to inity, as
it approachesr; = 2000, when an abrupt change in the
pattern of growth takes place. The global poputatavels
off at 10 — 12 billion in the foreseeable future, dffect
doubling the recent populatiaf N; = 6 billion in year 2000.
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Figure 1. World population from 2000 BC to 3000 AD.
Asymptotic limit of global populatioiN,,=10 — 12 billions.
1 — data for global population [4 ], 2 — blow-updel of growth,
3 — demographic transition, 4 - stabilized popalati
5 — Ancient world, 6 — Middle Ages, 7 — Moderni8/~ Recent
history, 1 — the Plague} — error ,o —T;=1995 N;=5.7 billion.
On a semi-logarithmic plot exponential growth valpear as a
straight line and at no time can describe the dravftthe global
population. As the demographic transition is apphea, the
time of history and development is compressed, ®ithillion
people living through each historic period indicat8ee Table 1.

The model is justified not only by the extent toieththe
results of modelling correspond to the facts &, lbut also
by the fundamental principles of systemic growthhei
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3. The Population | mperative and Timein History

Modelling global population growth is based on itieas

of synergetics [3]. The whole population of the dois
treated as a system, a single entity, all the dedéiwhich
and events are averaged and mixed up in its tptdlite
global population is both isolated and open, meathiat it
can draw on the resources of the environment, ef th
outside world. The whole approach is essentiaflyistcal
and cannot be expected to take into account thailslet
however significant they may seem. Partial and ttbao
events of current history should be seen againet th
backdrop of the total picture, where average groisth
determined by the principle of the population ingime.
Although the rate of growth is proportional to $wuare of
the global population this implies a memory of paest for
we really deal with the average values of the \Hem

The factor driving the development of mankind is
generalised information. The distribution and tfanof
information from one generation to the next — krenige
and technology, customs and crafts, art and reljgimd,
finally, ideas and concepts of science — this isupar to
humans and human society, and what makes us esienti

depicting the overall process of development by andifferent from all animals. Consider the very fisseps of

essentially non-linear model it should be kept imdrthat
it cannot be directly applied to local or regiomgbwth,
for we are dealing with a collective phenomenont Be
global process of development definitely does enfice all
of its parts by the connections and interactionglied in
the model and acting in the world. Any part of tiiebal
system that is separated from the main body of mank
will inevitably lag in its growth and development.

The most important changes are due to the limitswrof
information-dominated society. These real limitgtowth
where of central importance become culture, sciemgb
education. For during the demographic revolutioe th
crisis is due not to a limit, real or imagined,resources,

a human being, which are quite different from thokan
animal. In this process education and trainingllificams
and varieties, including games, is a major parhwihan
development. It begins with a long childhood, first
learning to speak and mastering language, beingghito
up, taught and educated in the making of a manséoan
old expression, as a member of society. This ndest&0
to 30 years and is essential for every human bdihghe
same time this postpones the child-baring agestbnitits.
Information is multiplied and transmitted by a ahai
reaction vertically between generations establggHinks
with the past deeply entrenched in the personalfitgach
individual. Information is also transferred horizally — in

but to the mismatch of our ideas and management ofPace of social epigenetic inheritance of an intdromal

society at large. This should be of our main comder
assessing the future of the world, as it entergrigmtest
crisis in the 2% century, breaking away from explosive
growth to a constant population at 11.4 billion.\Oafter
the demographic revolution, as a new equilibriurii e
established, sustainable development could be $doigh

In this case the growth rate is proportional todingar e of
the global population — a nonlinear growth ratebltws
up atT, to be cut off by the finite human life span. Fg.

interaction, synchronizing grand periods of deveiept,
seen throughout the ages in the global populatistem.

An important outcome of the model is the logaritmi
transformation of time of social development, aadratic
growth accelerates over the ages. Growth is not
exponential, although at any moment in the past an
instantaneous exponential time of growth may bekedr
out. This exponential time is equal to the timekoeed
from year T, = 1995, or to the time before present.



Table 1. Growth and development of mankind shown on alogarithmic time scale

Epoch Cycle| Date |Number 0] Cultural period AT Events in history, culture and
Phasgd year people years technology
- Global population limit 10-1210°
2200 1x10° | Stabilising global Changing age distribution
C 2050 ox10° Population Globalisation
T, 2000 6x10° | Giobal demographi 45 Urbanisation, Internet
revolution Biotechnology
11 1955 3x10° 45 Computers, Nuclear energy
World Wars
10 1840 1x10° Recent 125 Electric power
9 | 1500 Modernity 340 Industrial revolution
Printing, Universities
8 500 AD Middle Ages 1000 Geographic discoveries
Fall of Rome
Christ, Muhammad
7 2000BC 18 Ancient World 2 500 Greek civilisation, Axial time,
China, Confucius, India, Buddha
Mesopotamia, Egypt
B 6 9000 Neolithic 7 000 Writing, Cities
Domestication, Agriculture
5 | 20000 | 10 Mesolithic 20 000 Bronze
Microliths
America populated
4 80 000 Moustier 51 000 Shamanism, Language
Homo sapiens
3 | 220000 10 Acheulean 140 000 Speech, Fire domesticated
2 | 600000 Chelles 3goooq  Europeand Asia populated
Hand axes
1 |160000d 10° Olduvai 1 000 000 Choppers
Homo habilis
A To | 4-5Ma (1) Anthropogene 3000000 Hominida sateairom Hominoids

In this case the compression of time makes the tiom
the end of a past cycle equal to half of the cgdefration.
Thus the Lower Paleolithic lasted a million yedesving
half a million for all future development. The MiddAges
lasted a thousand years and ended 500 years agheAs
present is approached the rates of growth and ojeweint
can be compressed no more. The population blowandp
enters the period of the global demographic tramsit
which is only 90 years long leading to a constdobal
population.

The results of modelling are all shown in Tabldrlthis
Table dates are taken from the generally accepiettes
and they follow, within acceptable errors, thoskewated.
It has to be noted that the Neolithic revolutiorhen a
marked changed happened in our development, is ingh
the middle of our past, if seen on a logarithmialesc
pointing to the singularity of this event. Majorcbys of
global history, observed in our past, are integumets
phases, punctuated by exponentially spaced transiti

reckoned from the high point of the global demobiap
transition and indicating the gross stability obwgth.

4. The Global Demographic Revolution

Demographic data and the model indicate that manidn
now rapidly passing through a critical period ofe th
demographic transition. This is a veritable reviokut
drastically changing our long-established pattdrgrowth
and development. For more than a million years mas
concerned with numerical growth: growth on all csun
more children, more food, more space, more armsemo
power in all dimensions of life. At present thigradigm
of growth is changing, a change never experiene¢aré.

It is well established that all countries pass tigto a
maximum growth rate at the demographic transitiod, a
hopefully, head for a stable population. This hasrb
observed for all developed countries and is nowdeseen
in countries of the developing world. The global
demographic transition is shown on Fig. 3. Durihg t



transition death and birth rates rapidly changeirbeng
with an initial decrease in the death rate. Thesegnent
fall in the birth rate starts later, and is accomed by
economic development, an increase in standardeofiid
the development of health services, leading tongdo life
expectancy. Due to the interaction of these twtofac the
growth rate passes through its maximum value.

For any specific country migration may modify this
idealised description, but globally emigration doest
enter into the growth rate since the populatiolimgted to
our planet. This sequence of events shows thawtiode
change is rapid and at no point is the populatiorany
state of relative equilibrium. We are dealing wahon-
equilibrium phase transition, centred on year 260@
veritable shock that could hardly happen fasteraAssult
of the transition the population ceases to grow and
marked change in the age distribution of the pdmna
develops. This is the last in the sequence of svantl a
very significant transformation to happen in a ebgi

These processes are accompanied by urbanisation, wi life,

vast movements of rural populations to towns. As th
population of the world acts as a truly global coumity,
undergoing a common transformation, the transitiothe

population. The quadratic term was decisive in
determining growth all through our history and eeqses
the contribution of the informational component tte
global production factor. This can be seen as the
domination of the ‘software’ of global developmeiniyut,
which is associated with culture, science and latisé
factors like co-operation, communication, conscn@ss
and memory in contributing to the meta-economioagio

of mankind. As the principal factor of growth itdicates
the primacy of the collective processes in societlyich
we owe to our highly developed brain and mind, rifen
and peculiar characteristic of a conscientiblusapiens.

As the population of the world will grow no longehe
number of older people will outhnumber the youngisTik
an essential result of the demographic transitedready
seen in developed countries, where societies attinge
much older. The restructuring of the age pyramidad
and profound transition to a stable global popatatiwill
inevitably lead to far-reaching changes in manyeatgpof
including global security, social and economi
behaviour. Inevitably it will demand means to suppbe
older generations, leading to greater expendituas
health services and social security. One can exihextt

developed and developing countries are happeningsociety could gainfully use the expertise of thd, ale-

practically at the same time. They are separatea imgre

establishing in a family ties between generatidnsthe

50 years, showing that in a fundamental way thesepost-transition age temporal structures are to genkwill

countries are not so different as usually assurids the
transition is a powerful demonstration of the iatgion
between these sets of countries, leading to gledaadin.

100
90
80 = | [
70
60
50
40 ¥
30
20 =

Y R T [T

1750 1800 1850 1900 1950 2000 2050

Annual growth, million

2100

Figure 3. The global demographic transition 1750 — 2100

Annual growth averaged over a decade: 1 — developedtries,
2 — developing countries. The global transitionrésarkably
short with a width of only 90 years, centred oaryE, = 1995

The global population transition takes only 90 geand
during this time, which is only 1/50 000 of all cuistory,
a fundamental change in the mode of growth of mahis
to happen. A different image of the transitionders, if we
refer to the number of people — some 10 billionhovare
to live through the demographic transition. Thisli&0th
of the hundred billion people who ever lived, asdthe
chance for a human being to be caught into thiscati
period of rapid change.

5. TheWorld of the Future

The model equates the rate of growth to the dewedoy
of the population system, seen as a function ofgtbbal

happen in the development of values in a sociemkihg
the inertia and memory in a rapidly chancing wovitiere
a new pattern of self-similar growth is yet to come
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Figure 4. Change in age distribution for the global
population 1950 — 2150. (UN data).
1 — age group less than 14 years, 2 — group tider 65 years,

3 — age group older than 80 years. A — distributipdeveloping
countries and B — distribution in developed caestm 2000.

After the Rio 1992 and Johannesburg 2002 Internatio
Conferences the concept of sustainable developimant
been put forward. The idea of sustainability wasniya
developed in Gro Brundtland’'s report «Our Common
Future» (1987) and is formulated as “meeting theatels
of the present without infringing the rights of timext
generation in satisfying its demands”. The concept
sustainability should be seen in connection witke th
demographic imperative. All history has unequivbcal
shown that the growth of population had precedenas
the environment. Mostly under economic pressurepleeo
moved and resettled, migrated to other parts ofwbed

in search of space and resources. What really raadtel
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creates social disparities and economic miseryois an
global lack of basic resources, but inequity inirthe

foreseeable future armies will change. In countiget
have passed through the transition there are fewer

distribution — changes that can be expressed as thdemographic resources to man by conscription thge hu

challenge in pursuit of guality of life [4].

It is of interest to discuss the long-term charthes can be
expected in the world as it passes into a new stdge
development after the transition. Both demography a
modelling, using different methods, show that the
population of the world is to rapidly stabilise H to 12
billion, although the latest revised forecasts loé tUN
Population Division indicate some 9 billion for ye2800.

In practical terms all growth will happen in thevdiping
world by the end of Zicentury and will be accompanied
by a drastic change in the age structure and ariogvef
the total fertility rate. At present, in developeduntries
the TFR is below 1.15 (1.07 for Spain). Thus these
societies demographically are not sustainable ared a
doomed, if the TFR does not go up to 2.1 — 2.1%dm
for each woman. The low birth rates in all devebtbpe
countries are a signal of a major crisis of prenalalues

in these societies. These differences in the THR ar
source of great instability and in the coming yesome
large-scale migrations and social disruptions arebé
expected. They are well beyond the power of theesti
be controlled be force alone, as seen with thedrgmwth

of the numbers of illegal migrants. These issuedrankly
discussed by Patrick Buchanan in «The Death of\bst.
How Dying Populations and Immigrant Invasions Iniper
our Country and Civilisation». New York, 2002.

In recent events one can discern the features fafuse
world with a stabilised population. In this worldmerical
growth, primarily expressed by population growtlil] wo
longer dominate. The connection between population
growth and the square of global population will sg2d0
express development.
alternatives — one is stagnation of developmerat world

of zero growth or even declining population. Thhestis

to find a new dimension for development, and, as th
guantitative growth of the past is gone, there is a
possibility for qualitative growth and developmentt
present in developed countries there is a sigmifishift of

the workforce from the production sector to sersice
health, education, science, and leisure indicatiegshape

of things to come.

These new processes of development are accomplayied
an internationalisation of finance and technolodgye
rapid transfer of information and money has becahee
principal feature of globalisation. The recent amdst
powerful global information factor is now the Imet.
With the mass media these are the main instrumaints
change and influence. In a world where globalisatias
become an imminent and dominant feature, the opposi
trend of cultural diversification is manifest. Thisay be
seen as the confrontation of the ‘hardware’ oflication
with the ‘software’ of culture, which does not ntatthe
pace of progress. This present disparity in thevjrand
development of mankind should be resolved by aodial
rather than a clash of civilisations.

Dynamics of population growth influence global stguy
the balance of economic and military power. In the

In this case there are twc

armies of the recent past. On the one hand, lowthro
rates and stagnant populations do not create ¢onslifor
conflict, for large-scale world wars, as happenedhe
recent past. On the other hand, science and high
technology have changed the character of arms memo
warfare. Could the mission of these new armed Bt
the containment of peace, controlling migratiomghfing
organized crime and terrorism, rather than war and
operations leading to territorial gains and a Newrh/
Order? In fact, terrorism should be seen as a symnmtf
growing tensions and disparities rather than a eaitsglf.

The last sources of a real large-scale conflictcauntries
passing through the demographic transition abipdasive
stage. Today, when in a world where the rate oferial
growth has reached its absolute maximum and marikind
passing a decisive threshold in its developmentseh
strains and inequities could still lead to majonftiots
within and with the rapidly developing countrier.these
cases demographic factors may become critical aalis

of growing disparities.

Humanity is now passing through the demographic
revolution from an information — moderated socigtyan
information — dominated globdtnowledge society [5].
The future in the post-industrial world will be danined
not by the production of food or energy, by ther¢ivaare’,

but by the ‘software’ of our global population sst In
this New World it will be not the volume of prodiar
that matters, but the way these results of thestguand
cultural development are distributed. This is t@gen in

an economy with zero growth of human numbers in a
society with a predominance of older people.
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Figure 5. Deindustrialization: Changes in total U.S.
workforce in 28 century (in %).

These are the boundary conditions for the futunethis
future, human capital of an educated society will,
hopefully, lead to establishing new norms of socales.

It will be determined more than ever by educatiod the
attitudes and values propagated by the mass mé&da.
mass media, in the first place television, has tget
recognise its responsibility for its influence onocisl
capital and in taking culture and morals seriouslyus, a
new set of values in the world could emerge, where
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numerical growth will cease to dominate our metyalin

a stabilised world with a slowing down of developea
new ecological and social consciousness may app&tér,
outspoken criticism of consumerism and capitalism.

In the post-transitional society education willéakp more
time and effort than at any other period in thedmis of
humankind. For example, at present in developedtces
lifelong education is expanding and the educatimustry
is becoming a major sector of the economy. Thenskte
time devoted to education is a direct expressiorthef
information crisis and indicates that humanity éinitely

transient period, unique throughout all human tresgure
of the environment or folly of technological progse The
nature of this imminent transformation is yet to fo#y
understood and its consequences assessed. Thibecan
seen as the intellectual challenge facing both hbed
sciences and the humanities. Moreover, in a wotiére
numerical growth is decoupled from developmeni itot
yet obvious whether humanity will take up the path
qualitative growth or enter a pattern of slow depehent,
even becoming stagnant and decaying as our chidisa
passes into oblivion lacking long-term vision.

close to its capacity to train and educate the nextAt this point it is appropriate to inquire what ¢dbe

generation. In fact, time spent on education is ohthe
reasons for low TFR’ in developed countries.

Aristotle’s (384 — 322) opening phrase hetaphysics,
stated that — “All men by nature desire to knownhdiy,
fundamental science, which since the time of Cdpas)
Galileo and Darwin has developed as a global ailltur
phenomenon, practised internationally, will now ceich
both support and a mandate to exercise its cultanal
moral responsibilities as never before.

6. Conclusions

For the population of the world the theory provides
description of the gross features of the growth and
evolution of mankind. Over the entire course of

development a constant trend in the growth of human

numbers is discerned, which follows a self-similar
pattern of growth, expressing the dynamic invareanc
of development. Humanity, right from its beginnirig,
seen as an information society. Its growth is due direct
transfer of acquired information, leading to a Lack&an
rather than a Darwinian mechanism of cultural iithace
and evolution. In this mechanism numeric and ecanom
growth and social development are non-linearly
coupled and mutually determine the pace of histtsy.
inherent limits for growth at present are deterrdimet

by resources or space, but by the ‘limits to birth’

Global population dynamics has a drive and logidtef
own, expressed by the population imperative. Onjy b
reaching an in-depth and fundamental understanding
these complex interdisciplinary problems can weeekp
these universal issues to be faced and responsibbjved
by sensible social and economic policies.

The rapid demographic revolution is an event ofagre
significance, and in the story of mankind it fargasses
the Neolithic revolution and all others known irstoiry,
ranking in its importance with the emergenceHzmo,
endowed with a mind and consciousness. Only a dutur
anthropologist shall have a chance of understanttieg
magnitude of the transition, which mankind is nowv t
experience. He will have to wait only a hundredrgea
not the million years that have passed since thdy ea
stages of our origins, to assess these changes.

This period of rapid change is definitely respolesifor
much of the stress and strain of modern life, theag
disruption now upsetting the long-established pasteof
social development. For as the numbers, the ‘hanelved
our world are changing faster than the social dooms,
ideas, the global ‘software’ has no time to keep hp it

the next step in the evolution of mankind. Up te th
present the biology of the human race has not ob@ng
and was determined by nature. Now there is a
possibility to interfere and moderate the biologyhe
genetic make-up of mankind — as humanity itself can
become a conscientious actor. It may well be thasé
factors are to limit the extent of the model andtted
same time indicate the agents for change, whicHdcou
ultimately set a new dimension for the developmeft
mankind.

In this case, if humanity is morally and ethicatbady

for such interference, it may become master of its
evolution and will go beyond the limits set by the
model, as its premises will no longer be valid.
Although, with the sheer size of the world popwaatand
the rate of events, it is difficult to imagine hdlae world
community can have a major effect on the population
imperative with a pronounced lack of global govecea

As the fundamental understanding of growth is ssther
limited, definitive advice for action is hard toopide —
apart from very general recommendations, which lead
current demographic policies. The rate of change, t
ultimate compression of the systemic Eigen-timbisfory
at the demographic transition, leaves no time faitipal
decisions to be worked out and properly implemenfed
now is when the time-scale of history and politiesrge.

Probably the most important issue is by all meams t
ensure the stability and security of the world & &s the

prerequisite for resolving global problems. Theer raif
change itself leads to the absence of long

commitments and socially relevant planing in sgcig¢his
is all the more significant during the singular elpof the
demographic revolution, when these tensions are
greatest. This leads to the current loss of goveraalaw
and order, corruption, criminality with moral decagd a
rise of irrationality with decay in reason, seen roany
levels of society and political structures of therld. The
issue of emerging knowledge societies is examingf]i

term

the

These studies are the outcome of an attempt tolafeve
interdisciplinary understanding by bridging ideasda
methods coming from areas of research long seghbgte
tradition and history. As the model is supportediinyher
research and gains ground, the insight it provistesuld
lead to greater understanding of the present sfateorld
affairs. It may offer a common frame of reference f
anthropology and history, demography and socioldgy,
studies in human evolution and genetics. For ecastorit
provides a universal and general framework for ssng
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our growth and development. For doctors and pditie
alike it can indicate the sources of stress ansidenn this
development and affecting both the individual andiety
in terms of personal and global security and stgbilStill,
in the emerging world of a stabilised global popiola
there will be a lot of restructured time to resolese
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