
Global change: Population and development1Chapter

Population size and growth are seen as the most important driving

force modifying the physical environment. This chapter provides a

qualitative overview of the changes in the world population’s size and

structure. First, population aspects will be discussed in the 

context of global change and include historical background 

information to show developments in the world population in the

course of time. Second, the theory of demographic transition 

– consisting of both the epidemiological and fertility transition – 

is outlined in more detail thus enabling a better understanding of

historical developments. This description of demographic transition is

partly based on the report ‘Fertility change’ (Van Vianen et al., 1994).

This outline of population change is used to position the most rele-

vant issues on population and development. The chapter concludes

with a number of questions to be addressed by the model, the core of

this research.
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GLOBAL CHANGE: POPULATION AND DEVELOPMENT

1.1 INTRODUCTION

Throughout history, human activities have been recognized as an important factor affecting the
structure and functioning of the Earth’s system. The consequences of these activities manifest
themselves in various compartments of the environmental system (UNEP, 1997). One of these is
represented by land use for food production and human settlements, and is a contributor to defor-
estation and land degradation. Other examples of the negative impacts of human activities are
acidification, ozone depletion and all kinds of toxic pollutants affecting water and air quality.
Recently, the IPCC (1990) concluded the human influence on global climate change to be indis-
putable. However, the changes in the population are influenced by the provision of all kinds of
natural resources provided by the environmental system and socio-economic conditions
(Bongaarts, 1994a). As early as the end of the 18th century, Malthus (1789) observed the discrep-
ancy between the tendency of the population to grow exponentially and the lag in the growth of
food production. The mutual relationships in environmental and human systems are found in the
concept of global change, which has become of major importance in classifying global issues on
the human and environmental systems and the interactions between them. Within this concept
the increased demand for resources from an increased population is recognized as being one of the
most important pressures.

In this chapter, world population dynamics are considered in a historical and long-term perspec-
tive (Section 1.2). Population size and structure are described as outcomes of two basic demo-
graphic processes, namely fertility and mortality. In Section 1.3, an overview will be given of the
demographic transition as a combination of changes in fertility and mortality patterns, and their
underlying environmental and socio-economic factors. Besides these two processes, the spatial 
distribution of the population influenced by migration has to be considered too. Chapter 1 con-
cludes by listing the most important population and development issues (Section 1.4) to be
addressed in this work.

1.2 POPULATION IN PERSPECTIVE

In 1999, the world population passed the mark of 6 billion (1×109) persons. The current growing
rate of 1.33 per cent per year implies a net annual increase of 80 million (1×106). At this growth
rate, the population will reach the 7 billion mark around 2010. In order to evaluate the relevance
and importance of these figures, they should be put in a historical perspective. Table 1.1 presents
the population estimates from 1600 BC to 2000 AD. 



It is evident that population growth has been far from regular, periods of growth being interrupted
by substantial episodes of decline. On the other hand, the population growth shows an almost
monotonic increase since 1600 BC, when it took around 1200 years for the population to double.
From 400 BC, this doubling time was 400 years, which is still long compared to the doubling
time of 40 years observed between 1960 and 1999. Neither in terms of rapidity nor in volume
does the growth that started around 1750 have any historical precedent (see also Figure 1.1).
When examining these statistics, one does well to bear in mind that, broadly speaking, the scien-
tific collection and analysis of population data started in Europe around 1800. For most parts of
the world, reliable data were not available until 1950, when the rapid decolonization and emanci-
pation of the developing world inspired a major effort on the part of the United Nations (UN) to
provide all countries with reliable social and economic data as part of their development planning.

For an understanding of the current population growth and assessment of the population size in
future, the population will first be observed in a historical perspective. This will be followed by a
brief overview of population projections.

WORLD POPULATION IN TRANSITION

4

Table 1.1 Estimates of the world population from 1600 BC to 2000 AD

Year Population Growth Source
(in billions) (% per year)

-1600 0.075 0.06% Biraben, 1979
-400 0.153 0.09% Biraben, 1979
0 0.300 0.05% Durand, 1974
1000 0.310 0.02% Durand, 1974
1250 0.400 0.10% Durand, 1974
1500 0.500 0.14% Durand, 1974
1750 0.790 0.22% UN, 1973
1800 0.980 0.47% UN, 1973
1850 1.260 0.52% UN, 1973
1900 1.650 0.55% UN, 1973
1910 1.750 0.60% UN, 1973
1920 1.860 0.84% Woytinski and Woytinski, 1953
1930 2.070 1.07% UN, 1966
1940 2.300 0.99% UN, 1966
1950 2.520 1.80% UN, 1966
1960 3.020 1.94% UN, 1995
1970 3.700 2.01% UN, 1995
1980 4.440 1.74% UN, 1996b
1990 5.280 1.40% UN, 1996b
1998 5.900 1.39% UN, 1998b
2000 6.060 1.33% UN, 1998b



1.2.1 Historical population size

Until the 18th century, human populations were characterized by high fertility rates and mortality
rates that cancelled each other out over long periods of time, resulting in population growth rates
that were extremely low. After the establishment of agriculture and sedentary communities, the
world’s population is estimated to have grown from about 300 million in 1 AD to 790 million in
1750 AD. Around 1800, the world population was about 980 million, two-thirds (67%) living in
Asia and half of these Asians living in China (Biraben, 1979). An estimated 21% lived in Europe
and 10% in Africa. Around 1900, 1.65 billion people inhabited the Earth. The Asian contribu-
tion to the world population was substantially lower in 1900 than in 1800 (down to 59% from
67%), a fall largely due to stagnation of the Chinese population. Europe’s population increased to
25% of the world total, while Africa’s declined from 10% in 1800 to 7% in 1900. In the 20th cen-
tury Europe’s share has dropped by 50% to around 13% in 1999, while Africa’s share has doubled
in the same period to more than 13%. Figure 1.2 shows the historical growth in the contribution
of continents to the world population.

The average growth rate of the world population in the 19th century was 0.55% per year, how-
ever, in Europe, where mortality had declined substantially, the growth rate was more than 1% per
year. Notwithstanding growing emigration to the sparsely inhabited continents of America and
Australia, the European population grew appreciably. After 1900 the decline in mortality, particu-
larly of infants, continued in Europe, spreading slowly to other world regions, with a rapid popu-
lation increase as a result. Between 1900 and 1950, the world population increased from 1.65 to
2.52 billion, representing an average annual rate of increase of 0.84%. The rate of increase, about
1% for most of the period, was, however, substantially lower during the First World War. In coun-
tries that are now called ‘developed’, fertility also started to decline in this period and Europe’s
share in the world population decreased.
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Figure 1.1 Estimates of the world population from 1600 BC to 2000 AD (For sources see Table 1.1).



After the Second World War, mortality declined further and some parts of the world experienced a
‘baby boom’. In the 1950s, the world population increased at an average annual rate of 1.8%. In the
1960s, the annual rate of increase reached a peak of 2.04% in the years 1965-70. In the 1970s, the
growth rate declined to stabilize at around 1.72% in the 1980s. This rate declined to 1.48% in
1990-95 and is expected to decline even further.

1.2.2 Population projections

Throughout history people have tried to forecast the size of the population. Frejka (1996) has pro-
vided us with an overview of existing long-range population projections dating from the time of
Gregory King (1648-1719) at the end of the 17th century who had even made estimates right up
to the year 20000. The selected long-range population projections are defined as projections that
span a century or more. The early long-range projections were based on mathematical extrapola-
tion of total numbers or growth rates. In 1945, Notestein provided a general component frame-
work for the calculation of global population trends. In this framework different stages of demo-
graphic changes are distinguished by the sex and age structure of a population. The population
growth rates of the different stages are associated with assumptions on the components of fertility,
mortality and migration. The population projections since 1945 applied and refined this method-
ology. Although the United Nations has become an authority in the field of population projec-
tions, other institutions like the U.S. Census Bureau and the World Bank are also used as data
sources. On the basis of a particular set of assumptions on fertility, mortality and migration, these
institutions provide a wide spectrum of population projections for the 21st century. The last 25
years, the methodology has been further refined by linking fertility, mortality and migration com-
ponents to economic, social and environmental aspects instead of applying exogenously set
assumptions. There have been only few applications of this third modelling approach (World3
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Figure 1.2 Distribution of world population over four continents for the period 1650-2000. 

(Source: 1650-1900 Woytinski and Woytinski, 1953; 1950-2000 UN, 1996b).



(Meadows et al., 1974), Threshold21 (Millennium, 1996) and TARGETS (Rotmans and de Vries,
1997)). Even though the projection of population size is one of the outcomes, the aim of these
models is to provide insights into the underlying mechanisms causing population growth and into
the possible consequences of this growth.

Although Cohen (1995) distinguishes a fourth method for population projection, namely the sto-
chastic population projection resulting in confidence intervals, this is only a method to deal with
uncertainty. In this fourth method, assumptions for input variables on fertility, mortality and
migration are taken stochastically where, for example, the UN provides non-probabilistic clusters
of the assumptions. This clustering results in variants or scenarios, which are usually simply
labelled as low, medium and high. The U.S. Census Bureau (USBC) provides only one single vari-
ant, which should represent the future world population. Figure 1.3 presents four projections of
the population for the period 2000-2050.

Some population projections are represented by three variants (i.e. low, medium and high). The
plausibility and likelihood of these variants is usually lacking, or at least non-transparent when it
comes to the basic assumptions. It is therefore hard to evaluate the plausibility and uncertainties of
these projections. Recent application of the incorporation of a stochastic modelling approach
(Lutz et al., 1997) and the inclusion of structural analyses of uncertainties (Hilderink and Van
Asselt, 1997) showed that probability distributions of the future world population size could be
given instead of the rather meaningless low, medium and high variants. These methodologies
might be helpful in obtaining a better understanding of the plausibility of scenarios.

Most of the population projections described are based on assumptions for fertility and mortality.
To evaluate these methods and to provide plausible and consistent population projections, the
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Figure 1.3 Population projections for the period 2000-2050.

(Source: UN, 1998b, U.S. Census Bureau, 1998).



underlying demographic mechanisms, including the fertility and mortality components, and their
associated uncertainties, have to be examined. These aspects will be described in detail using the
concept of demographic transition.

1.3 THE DEMOGRAPHIC TRANSITION

In Europe, fertility and mortality remained high until the mid-19th century. In this phase, relatively
slow growth could be attributed to moderately high fertility offset by high mortality, in particular,
high infant and child mortality caused by infectious and parasitic disease. The fall in mortality 
started around 1750, when the mortality crises caused by epidemics slowly began to disappear.
Although the decline was very slow at first, it accelerated after 1850, while the birth rate started to
fall around 1870. The result was a relatively rapid population growth around 1900. Nowadays,
European populations are characterized by a high life expectancy, mortality being confined to the
older age groups and dominated by degenerative diseases, and a fertility level that, in general, is too
low to guarantee replacement of generations. Yet, there is some growth, which is attributable to the
effect of the demographic momentum of higher fertility in the years 1945-1965 and a correspond-
ingly large number of women in the reproductive age groups. There is also a rising tide of immigra-
tion from less-developed countries. This profound transformation of changing fertility and morta-
lity patterns is generally referred to as demographic transition, a term that has found common usage.
It was classically defined by Notestein (1945) and Davis (1945), although its intellectual history
goes back much further (e.g. Szreter, 1993, note 16). The theoretical foundation of the demograph-
ic transition is given in the next section, followed by the demographic transition for the developed
countries (Section 1.3.4) and the developing countries (Section 1.3.5).

1.3.1 Theory

The demographic transition is not an isolated process; it is part of a much broader transformation
seen in a growing number of countries since the 18th century and commonly referred to as mod-
ernization. In the economic domain, this involves a rise in real output and wide-ranging innova-
tions and improvements in the production, transportation and distribution of goods. On the
demographic and social side, modernization involves significant alterations in fertility, mortality
and migration, as well as in family size and structure, education and the provision of public health.
At the level of the individual, modernization is characterized by an increased openness to new
experience, increased independence from authority, belief in the efficacy of science, and ambitions
for oneself and one’s children (Easterlin, 1983). These interrelations of manifold processes lead
inevitably to a considerable variety in fertility decline between and within populations. The rela-
tive timing of the various changes is by no means uniform. In today’s developing countries,
advances in public health and compulsory education often precede economic modernization,
which differs from the history of the developed countries. Cultural conditions also vary widely,
and the ways in which various modernizing and cultural influences come together to shape the
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decline in fertility should not be expected to be identical from one population to another.
Although the pattern of the demographic transition is remarkably consistent in all parts of the
world, great differences exist in the location of individual countries and regions on the trajectory.
This concept of demographic transition expresses plausible descriptions of the fertility decline in
the idiom of post-war concerns with population and development (Cotts Watkins, 1987, Szreter,
1993). It expresses an evolutionary theory of the process, whereby a country successfully moves
from a pre- to a post-industrial state of demographic equilibrium, characterized by more-or-less
stationary populations, with fertility matching mortality.

The growth of the world population is a result of the difference between the total number of
births and the total number of deaths. These birth and deaths can be related to the total popula-
tion size, which results in crude birth rate (CBR) and the crude death rate (CDR). The CBR and
CDR reflect the numbers of births and deaths per 1000 persons of a population in a given year.
The growth rate of the world population is then determined by the difference between the CBR
and CDR. The global CDR dropped from 19.7 per 1000 in 1950-55 to 9.3 per 1000 in 1990-95.
The CBR fell from 37.5 per 1000 in 1950-55 to 24.1 per 1000 in 1990-95, a decline that was
slow at first but accelerated in the 1970s, only to decelerate in the 1980s. As shown in Figure 1.4
and Figure 1.5, this global pattern of mortality and fertility decline masks large regional variations.
In most developed countries, birth and death rates are at about the same low level, implying zero
or extremely sluggish growth or even a decline in population, while in other countries the transi-
tion from high birth and death rates to low birth and death rates has only just got underway. Latin
American countries are in an advanced stage of substantial mortality decline and moderate ferti-
lity decline, while most African countries are just in an early stage, with some mortality decline
and fertility still at a very high level. 
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Figure 1.4 Crude birth rate (CBR) for major world regions. 

(Source: UN, 1996b).



Although crude birth and crude death rates are often used to illustrate population dynamics, there
is a serious problem when it comes to interpreting them. For instance, the CBR generally declines
as a result of two forces: (i) the decline of fertility, referred to as degreening of a population, meas-
ured in terms of the expected number of births per female, and ii) the ageing of the population.
The latter is a consequence of the reduction in mortality levels in combination with past fertility
decline, reducing the proportion of women of fertile age. Both CBR and CDR depend on the age
structure of the population, which is the cumulative product of past mortality and fertility.
Because both the probability of dying and the probability of giving birth are dependent on age, a
correct analysis of mortality and fertility is only possible if the effects of a specific age structure are
taken into account. Instead of the total number of births and deaths, the following age-specific
figures are preferred for demographic analysis and theorizing:

• Age-specific fertility rate (ASFR), representing the ratio of the number of children a woman in
a given age group is expected to have and the number of women in that age group.

• Age-specific mortality rate (ASMR), representing the ratio of number of deaths in an age group
and the number of people in that age group. 

These measures can be aggregated to total fertility rate (TFR, the total number of children a
woman might expect to have over her fertile period) and life expectancy (LE, the expectation of
life at birth). The demographic transition is commonly described by the two components repre-
senting the fertility and mortality process. These two components are the outcome of a transition-
al process, i.e. the fertility and the epidemiological transition, describing respective changes in pat-
terns of fertility and mortality. These two transitions do not take place independent of each other.
In addition, they show a fairly universal pattern. In most countries, the demographic transition
can be characterized by the following three stages: pre-transitional, transitional and post-transi-
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tional. Each stage is typified by a specific combination of the fertility and epidemiological transi-
tion. Figure 1.6 shows the three stages.

In the first or pre-transitional stage, both mortality and fertility are high, approximately cancelling
each other out and resulting in a slow population growth. The occurrence of infectious diseases is
for the most part responsible for mortality patterns and trends being interrupted by ‘mortality
crises’ due to famine. Total fertility can vary appreciably as a result of changes in the propensity to
marry and age at marriage. Birth control is restricted to traditional methods and hardly influences
fertility. Almost all countries have passed this stage. In the second or transitional stage, mortality
starts falling while fertility remains high, or may even rise, as a result of the erosion of old systems
of control (Wrigley and Schofield, 1981). This period is characterized by a rapid population
growth until fertility also starts to decline. Most countries show a time lag until the fertility level
drops, although some countries like Germany experienced a fertility drop coinciding with a
decline in mortality rates (Coale, 1973). Most developing countries are in the second stage, some
of them at the beginning (SubSahara region) and others almost at the end (Frank and Bongaarts,
1991). In the third and final stage, the post-transitional stage, the populations that have completed
the transition exhibit low levels of mortality and fertility and little or no population growth. The
developed countries are in this stage of the transition.

The next sections will elaborate on the fertility and epidemiological transition as the two compo-
nents of the demographic transition.
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1.3.2 The fertility transition

The first component of the demographic transition is the fertility transition (Coale, 1973), which
describes the decline of the fertility level. This fertility level is expressed in fertility rates, in partic-
ular, the total fertility rate (TFR). The total fertility rate is obtained from the age-specific fertility
rate (ASFR). The fertility transition represents the shift from a high TFR to replacement level of
2.1 children per woman, and even to a level below replacement. Although replacement level is
often used to characterize the TFR that implies zero population growth, this only holds for a stan-
dard population with a stable age structure and low mortality levels.

The factors of influence on the fertility transition are socio-economic factors like the education
level and culture, which can be related to marriage patterns. The situation of high fertility is associ-
ated with a more traditional society in which children are used as farm labourers and serve as old-
age security. In most countries, this pre-transitional stage is characterized by a low marrying age
and hardly any use of birth control methods. The process of modernization brings with it a higher
marrying age and spreading of birth control methods, which triggers the decline of fertility rate -
the onset of the transitional stage. The length of this transitional stage is inversely proportional to
the pace or rate of transition and can be seen as a diffusion process, where the onset determines the
start and the rate of the process. The end of the diffusion process marks the last stage of the fertility
transition in which low levels of the TFR are obtained. Nowadays, the observed TFR levels are in
several European countries, like Germany and Italy, even below 1.5 children per woman. Figure
1.7 shows the TFR for selected regions.

According to some authors, Western Europe may have embarked on a second fertility transition in
which formal marriage becomes less relevant, with a consequent rise in extra-marital fertility, while
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total fertility remains far below the replacement level and long-term population decline seems
inevitable. This may once more prove to be the harbinger of a trend that will later manifest itself
in other parts of the world (Van de Kaa, 1987).

1.3.3 The epidemiological transition

The epidemiological transition, also referred to as a component of the health transition (Frenk et
al., 1993), addresses changes in disease patterns, mortality patterns and the conditions associated
with these changes (Bobadilla et al., 1993). The improved conditions like education, health servic-
es and female autonomy have brought countries on the way to low mortality levels (Caldwell,
1993). In the epidemiological transition several stages, which are characterized by groups of causes
of death, can be identified (Omran, 1983). The first stage of the epidemiological transition (the
age of pestilence and famine) is characterized by poor conditions of sanitation, food provision and
health services, and the dominance of infectious diseases, causing high mortality rates especially
among children. Women of child-bearing age also face high risks because of complications associ-
ated with pregnancy and delivery (Omran, 1983). The corresponding life expectancy at birth is
very low, between 20 and 40 years. In the next stage (the age of receding pandemics), the improve-
ment of the overall conditions causes a shift towards a situation where infectious diseases are pre-
vented by immunization programmes or controlled by community health services. The elimina-
tion of infectious diseases in this transitional stage is characterized by several phases, with specific
classification of the infectious diseases (Wolleswinkel-van den Bosch et al., 1997). The first phase
shows a typical sharp decline in causes of death from water- and food-borne infectious diseases or
diseases related to poor hygiene and malnutrition (e.g. typhoid fever, diarrhoea and measles). This
phase is followed by a less noticeable decline in a group of infectious disease (e.g. several types of
tuberculosis) that might be labelled as airborne infections, although nutritional status is also iden-
tified as an important determinant. The introduction of antibiotics has enabled control and elimi-
nation of a third group of infectious diseases (e.g. acute bronchitis/influenza and syphilis). 

The elimination of infectious diseases makes way for chronic diseases associated with the elderly,
introducing the third phase (the age of degenerative and man-made diseases). In combination with
improved health care, these chronic diseases are less lethal than infectious diseases but cause rela-
tively high morbidity levels. These non-infectious diseases could be subdivided into several groups
‘but it is hard to characterize these groups in terms of aetiology and/or in terms of decline’
(Wolleswinkel-van den Bosch et al., 1997, p. 778). Most of the diseases in this group have
declined in the Netherlands in the last 50 years, probably due to improved food preservation
(where stomach cancer is concerned) or changes in hygiene, nutrition and antibiotics (in the case
of heart disease other than ischaemic heart disease. Ischaemic heart disease, along with several
types of cancer, traffic accidents and homicide, has caused an increase in mortality levels through-
out the 20th century in the Netherlands (Wolleswinkel-van den Bosch et al., 1997). These causes
of death might be associated with behavioural factors like high cholesterol intake, smoking, repro-
ductive and health behaviour. However, from 1970 onwards, mortality from this last cluster of
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diseases also showed a decline. Similar to the extension of the fertility transition, this last stage is
referred to as the fourth stage (the age of delayed degenerative diseases), an extension of the epidemi-
ological transition (Olshansky and Ault, 1986, Rogers and Hackenberg, 1987). Figure 1.8 shows
the historical and projected life expectancy of the major world regions. The life expectancy of the
least developed countries well illustrates the epidemiological transition.

In the situation of a complete epidemiological transition the corresponding life expectancy can be
over 80 years but includes a relatively long period of morbidity due to prevalence of one or more dis-
eases. The objectives in a situation like this are not only reduction of mortality rates but also com-
pression of the morbidity. Despite its importance, the understanding of disease occurrence is still
limited, not to mention future patterns of diseases. However, ‘the epidemiological transition theory
provides a potentially powerful framework for the study of disease and mortality in populations,
especially for the study of historical and international variations’ (Mackenbach, 1994, p. 330).

1.3.4 The demographic transition in developing countries 

The demographic situation in most of the developing region shows a large variation. In some coun-
tries, fertility is very low (comparable to European levels), while in other countries very high fertility
rates are observed without any clear indication of an incipient decline. Moreover, the subnational dif-
ferences between subpopulations distinguished according to economic, social or residential character-
istics can be very large. Whereas an upper class is more-or-less incorporated into the societal system
and shows all signs of a modern lifestyle, including low fertility, other sections of the population still
live in traditional settings with little or no access to the affluence of modern society. In most develop-
ing countries, the existence of all kinds of health risks like the lack of safe drinking water and malnu-
trition, in combination with hardly any health-care facilities, has resulted in very low levels of life
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expectancy (as low as 40 years in Indonesia in 1950). These values are similar to the situation in
Western Europe in the 19th century (Woytinski and Woytinski, 1953). In India, at the end of the
19th century birth and death rates were both at a high level of around 50 per 1000 persons.

The introduction of modern health care and health technologies, even when defective, had the
intended effect on morbidity and survival. Throughout the so-called Third World mortality
declined dramatically, marking the second stage of the demographic transition. In some countries
like India, a structural decline of mortality had already been observed from the 1920s onwards, but
in most developing countries this mortality decline started after World War II. In China, the CDR
declined from 20 per 1000 in 1949 to a level of 6.2 per 1000 in 1979, a decrease of 69% in 30 years.

With the modern means of communication, traditional systems of production and entire
economies were deeply influenced by the dominant Western system, which can be characterized
by monetarization and changing consumption patterns. All this has its influence on reproductive
behaviour. The average TFR in developing countries declined from 6.5 children per woman in the
early 1950s to around 4 in 1990-95. Such a decline implies that a total of 412 million births have
been averted in the developing countries over a period of four decades. Most of the developing
countries have already passed the moment of onset of the fertility transition; for the Asian and the
South American countries this took place in the 1960s. For African countries, the moment of
onset took place a decade later and some countries like Ethiopia have not yet reached this
moment. The time needed for the TFR to decline differed significantly between countries. A
decline of the TFR from 6.5 to 3.5 took 27 years in Indonesia, 8 years in Thailand and 7 years in
China, in contrast with the USA, where it took 58 years (1842-1900) (UNFPA, 1991). These
short periods of decline imply a high rate of the fertility transition. The TFR in China dropped by
53% in the period of 1970-1979. In India, classified as one of the late initiators, fertility only
started to decline in the 1970s, but India is expected to have completed the demographic transi-
tion within several decades. In Table 1.2, the demographic transition is depicted for a selection of
developing countries through life expectancy at birth (LE) and total fertility rate (TFR). 

Although most developing countries have organized a modern census-taking at more-or-less regu-
lar intervals in the post-war period, there are still considerable problems regarding the accuracy,
comprehensiveness, comparability and interpretation of the results. Not until the seventies did the
large-scale World Fertility Survey (WFS) and Demographic Health Survey (DHS) enable the col-
lection of precise, standardized and comparable fertility data, necessary for an in-depth analysis of
demography. It should be stressed that neither China nor India participated in the WFS or DHS,
although large-scale fertility surveys were conducted in these countries. In China, the first large-
scale fertility survey was organized in 1982. In India the first nation-wide survey that collected
information on levels of fertility, and knowledge and practice of family planning methods, was
conducted in 1992-93 (the National Family Health Survey). Since 45% of the population of the
Third World lives in China and India, these two countries show the most influence of fertility and
mortality trends on the demographic transition in the Third World.
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1.3.5 The demographic transition in developed countries 

In contrast to the differences in the demographic situation in most of the developing countries, all
developed countries in Europe, North America and Asia are considered to have completed their
demographic transition in the 1970s, notwithstanding large differences in the moment of onset of
fertility decline. Europe is the one outstanding example of a transition that started early and was
completed very slowly. Even within Europe, fertility decline did not occur simultaneously
throughout the total population. Large differences in both the moment of onset and in the rate of
decline were observed. In France, the transition started around 1830 but in most western and
northern European countries, the onset of the fertility transition was manifest between 1880 and
1910, compared with 1925 in southeastern Europe and Japan, and as late as about 1960 in Hong
Kong and Singapore (Coale and Watkins, 1986, Hayashi et al., 1992). In Table 1.3, the demo-
graphic transition in several developed countries is depicted in terms of life expectation at birth
and total fertility rate. Starting from the configurations of the ‘ancient regime’, different countries
followed different but ultimately converging, time paths. In the 1960s all countries are confined
within a small area for both mortality and fertility. This marks the last phase of the transitional
stage. In the last stage of the transition, a continuing decline in the TFR towards below replace-
ment level was observed, along with a simultaneous levelling off of life expectancy. Nowadays,
most developed countries are characterized by very low total fertility rates (far below 2.1 children
per woman) and a life expectancy of around 80 years, which mark the last stage of the demo-
graphic transition. Once the decline has fallen below replacement levels, total fertility is remark-
ably stable. ‘Conjunctural’ effects can explain small fluctuations. The rise in Swedish fertility was
unique and had to do with changes in fiscal laws (Hoem, 1990).
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Table 1.2 Total fertility rate (TFR) and life expectancy at birth (LE) for selected developing countries, 1950-1995

1950-55 1960-65 1970-75 1980-85 1990-95

India TFR 5.97 5.81 5.43 4.47 3.39
LE 38.7 45.4 50.3 55.2 60.5

Thailand TFR 6.59 6.39 4.99 2.96 1.94
LE 47.0 53.9 59.6 65.0 69.0

Indonesia TFR 5.49 5.42 5.10 4.06 2.90
LE 37.5 42.5 49.3 56.2 62.7

China TFR 6.22 5.72 4.86 2.55 1.92
LE 40.8 49.5 63.2 66.6 68.5

Ethiopia TFR 7.15 6.90 6.80 6.91 7.00
LE 32.9 36.9 41.0 39.9 47.5

Kenya TFR 7.51 8.12 8.12 7.50 5.40
LE 40.9 45.9 51.0 55.8 54.1

Mexico TFR 6.87 6.82 6.52 4.24 3.12
LE 50.7 58.5 62.6 67.7 71.5

Source: UN, 1996b



Analyses of the change in the TFR show a rapid decline in the period 1950-1970, each country
having its own particular pattern. The completion of the fertility transition from about 5 to 2 chil-
dren per woman took nearly 50-100 years in most European countries, whereas the so-called
‘Asian Tigers’ needed only 20 years to achieve the same result. 

Besides the significant differences observed among countries in onset and rate of fertility reduc-
tion, these were also found between subpopulations, distinguished according to education, occu-
pation, residence or religion. The European Fertility Project (1964), carried out by the Office of
Population Research of Princeton University, was an attempt to document these differences. The
main conclusions of the study follow (Cotts Watkins, 1987): 

• Pre-transitional fertility was not stable. Fertility control within marriage was restricted to a
number of small elites and was not spread over large segments of the population. Total fertility
could vary appreciably due to changes in propensity of females to marry and the age at mar-
riage (the moral restraint alluded to by Thomas Malthus). This pattern of control is typical for
Western Europe and is linked to the historical dominance of nuclear families that were orient-
ed around the establishment and welfare of individual households rather than around larger
kinship groups or the community as a whole (Lesthaeghe, 1983).

• With respect to the transition itself, three important findings were documented: 
1. Between 1870 and 1960, declines in marital fertility were usually greater than declines in

overall fertility. This implies that an increase in the proportion of married women was, due
to a rise in the percentage of women ultimately getting married and a decline in the age of
marriage, more than offset by an increase in fertility control within marriage.

2. Once the decline in fertility in a province (region) had begun, it almost always continued
monotonically until very low levels were reached. The fertility transition is irreversible.
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Table 1.3 Total fertility rate (TFR) and life expectancy at birth (LE) for selected developed countries, 1950-1995

1950-55 1960-65 1970-75 1980-85 1990-95

Canada TFR 3.72 3.61 1.97 1.66 1.74
LE 68.4 71.0 72.6 75.1 77.7

USA TFR 3.45 3.31 2.02 1.82 2.05
LE 69.0 70.0 71.3 74.5 75.9

Japan TFR 3.13 2.05 2.04 1.79 1.57
LE 62.5 67.9 72.2 76.2 78.9

Hong Kong TFR 4.44 5.31 2.89 1.80 1.32
LE 61.0 67.6 72.0 75.4 78.4

Sweden TFR 2.21 2.33 1.89 1.64 2.01
LE 71.8 73.5 74.7 76.3 78.1

France TFR 2.73 2.85 2.31 1.87 1.70
LE 66.5 71.0 72.4 74.7 78.0

The Netherlands TFR 3.06 3.12 1.97 1.51 1.59
LE 72.1 73.4 74.0 76.0 77.2

Source: UN, 1996b



3. The initiation of the decline spread like a diffusion process across the regions of Europe, so
that by 1930 very few regions had remained unaffected.

Various combinations of abstinence, withdrawal and abortion served in initiating deliberate fertil-
ity control. Physical means designed to obstruct fertilization such as condoms and pessaria were
known but not widely distributed until well into the 20th century. Compared to modern meth-
ods, these traditional practices required sacrifices and a considerable degree of resolution on the
part of one or both of the spouses. Moreover, birth control methods often spread when people
were confronted with direct opposition or at best disinterest from public spokesmen like political
leaders, churchmen and members of the medical profession. ‘It was a revolution accomplished
with primitive technology and without generals’ (Cotts Watkins, 1987).

1.4 ASSESSMENT OF POPULATION AND DEVELOPMENT ISSUES 

The previous sections have overviewed several facets of the demographic transition. The scope of
the research, i.e. population and development, have been outlined and not only the underlying
mechanisms, but the interrelationship of the mortality and fertility processes, illuminated. The
next step is to trace and assess the most important population and development issues, which will
be listed below. The development of a comprehensive, transparent and flexible modelling frame-
work would be necessary to be able to adequately address all these complex and diverse issues. 

Over-population is often mentioned as one of the major threats to the environmental system, result-
ing in limited available resources and other negative factors. Population issues are mostly looked at
in terms of the necessity to reduce absolute numbers. This view carries the risk of disregarding pop-
ulation characteristics like age structures. Fertility decline in combination with an increase in
longevity has large implications for the age structure of a population. These implications can have a
strong effect on socio-economic conditions, which in turn influence fertility and mortality process-
es. The following question cluster was created to address the population and development issues.

• ‘What is the impact of socio-economic and environmental conditions on fertility and mortali-
ty, and what is the consequence for population size and structure?’

• ‘What are the major proximate determinants of fertility and to what extent do they affect
future population projections?’

• ‘What are the major proximate determinants of mortality and to what extent do they affect
future population projections?’

• ‘What kind of uncertainties are involved with these population projections, with regard to fer-
tility and mortality processes as well as to the underlying socio-economic and environmental
conditions?’

• ‘How can policy actions influence future fertility and mortality processes to arrive at a more
desirable situation?’
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To describe, analyze and understand the population and development issues listed above, a model-
ling framework was developed, with the guiding light being inclusion of a systematic and struc-
tured description of the components of the demographic transition. The development of such a
framework, in which these issues could be assessed, required a thorough procedure, clarifying the
most important underlying theories, assumptions and mathematical equations. The formal proce-
dure applied will be discussed at length in Chapter 2, in which the complete trajectory consisting
of several phases of developing a modelling framework is depicted. This modelling framework has
resulted in a simulation model to describe and analyze the various aspects of the demographic
transition.

1.5 CONCLUSION

The population size and structure are the outcome of fertility and mortality processes. The combi-
nation of these processes is referred to as the demographic transition. Although the characteristics
of the populations in the various world regions are diverse, they show similarity in the demo-
graphic transition, which itself is characterized by a generic pattern of three stages of the transi-
tion. The first stage is characterized by high mortality and fertility rates, which result in a more-or-
less stable population size. This is followed by a second stage, in which infectious-disease-related
mortality declines because of improvements in sanitation and nutrition. Fertility declines with a
delay in response to mortality decline, causing high population growth. In the third stage, fertility
and mortality are at a low level, and corresponds to a stable population. The underlying transitions
of fertility and mortality have universal patterns, obvious from their occurrence in developed and
developing countries. The demographic transition differs between countries in the onset and
speed of the transition. In most European countries, the demographic transition started around
1850 while in most developing countries the onset took place in the last five decades. Some devel-
oped countries completed the transition in more than 80 years, while other countries are expected
to complete the transition over a period of 30 years. The onset and speed of the epidemiological
and fertility transition are interlinked with socio-economic and environmental conditions.
Analyses of these relationships are used here to explore the impact of future economic and envi-
ronmental conditions on fertility behaviour and mortality patterns. Exploration makes use of a
simulation model, the construction of which is based on a modelling framework. The trajectory of
this framework, including underlying theories, assumptions and equations, will be elaborated in
this work.




