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Summary
The aim of this paper is to enquire in demographic processes expected to have an impact on the
future development of the environment. The relationship between the recent global demographic
change and the environment is conceptualized at a micro-level by using the concept of environmental services. Important demographic processes modifying the demand of environmental services at a
local (ecosystem-based) level are, at first instance, the growth of the global population and the increase of the population density as well as the regional redistribution of population concentration by
migration or by differential rates of natural population growth, both resulting in a rising demand of
e.g. food and natural resources leading to an increased environmental stress. Furthermore, the ageing of the population will have an impact on the traditional agricultural patterns and spatial effects of economic activities. Finally, the urbanization and suburbanization will change the traditional land use in the affected regions and modify local ecosystems. Due to the lack of micro-level
data at a global scale, all demographic patterns to be investigated can only be analysed at a macrolevel by using aggregated variables. The paper describes the availability of global demographic data
and the theoretical background of recent population projections made by the UN Population Division. In addition, the limits of demographic projections will be discussed. The main part of the paper
presents selective quantitative results of the UN population prospects relevant to the micro-level
conceptualization of the relationship between demographic and environmental change described
above.
Keywords: Global demographic change, demographic transition, ageing, urbanization, population
growth.
Introduction
The following article is an updated and shortened version of the key note lecture speech, given at
the NATO CCMS pilot study meeting in Lecce/Italy on September 6th 2004. The aim of this lecture
was to give a short introduction on basic concepts and theories of demographic research related to
the global demographic change in order to foster the discussion on the development of a first draft
proposal “Ecological and Health Implications of the Future European Demographic Development”
for the EU 6th framework programme (EcoPop). The first conceptualization of the relationship bet-
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ween demographic and environmental change (demographic driven environmental stressors) drafted
for the initial lecture was replaced for this article by a more elaborated one developed by J. Sabbagh, R. Seppelt, M. Zurek and the author during the CCMS meeting in Lecce. All data presented
in this paper are drawn from the most recent world and urban population prospects of the UN Population Division.
The first section covers the conceptualization of the relationship between demographic and environmental changes. The text of this chapter is based on the final proposal of the aforementioned
project submitted to the EU 6th framework programme and edited by F. Müller and R. Seppelt,
coordinated at the UFZ Leipzig. The following sections cover the models of demographic and mobility transition, and the methods of demographic projections including a discussion of the reliability of such projections based on a comparison of the two latest UN projections. In the main section
data on the global population growth, the ageing of the population and the ongoing urbanization and
growth of mega cities is analysed for more developed, less developed and least developed countries.
Additional data are provided to differentiate among major regions.
Conceptualization
Different landscape processes are influenced by demographic processes, e.g. through the growth
of the population living in an area and modifying it for purposes of agriculture, industry, housing,
streets etc. By using the landscape for human needs the ecosystem is altered through anthropogenic
environmental stressors and, as a consequence, the ability to provide ecosystem services may be
altered too. Especially the ability to provide a healthy environment for human living and the suitability for human activities may be challenged. Schematically, the relationship between demographic and environmental processes can be deemed as result of the interaction of two subsystems:
an ecological-environmental subsystem and a socio-economic subsystem. The relevant processes of
both subsystems are investigated by two different fields of research and the theoretical and empirical knowledge in both fields is intensely developed. The interaction of the two subsystems in the
conceptual model shown in Figure 1 is defined by the section of the ecosystem services, where both
subsystems intersect.
Three aspects are of interest:
1.
The response of ecosystem services on stressors and the ability to provide ecosystem services (supply side).
2.
The demand and usage of ecosystem services based on individual human decisions, moderated by changing demographic patterns (demand side).
3.
The provision of ecosystems services as a condition of economic and social wellbeing embedded in a context of visions, guiding principles, and policy objectives related to e.g. public health, security, quality of life, landscape quality objectives, resilience, and sustainability
as well as contextual constrains such as e.g. economic structures, law system, available technology, institutional settings, environmental characteristics, and health care structure.
As far as the demographic and social science research is concerned, a conceptual model of the decision-based demand of ecosystem services (using micro-data on individual preferences and demands) is missing and has to be developed. Using this model the impact of demographic changes on
the demand structure can be analysed and projected (using scenario techniques), e.g. the future de-
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mand of housing or infrastructure of a declining and ageing society. Based on a conceptual model
of the demand side a set of demographic indicators can be selected to project the future demand of
environmental services at a large scale level.
Figure 1: Conceptualization of demographic and environmental processes (EcoPop)
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Evaluation of models, data and projections on global demographic change
Most aspects of the global demographic processes are currently related to three theoretical models:

The model of the First Demographic Transition, describing the change of demographic patterns during the late 18th till the mid 20th century in the more developed countries, and the
recent developments in some of the less developed countries. The model is also used to derive the assumptions for the population prospects made for the less and least developed
countries.

The model of the Second Demographic Transition, describing the further decline of the fertility below the replacement level in most of the developed countries since the sixties.
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The model of the Mobility Transition, describing the change of mobility and migration patterns in the developed countries since pre-industrial times. The model summarizes the currently available knowledge on different aspects of mobility and migration at an abstract
level and therefore can also be used to derive scenarios for the migration patterns of population projections.

First Demographic Transition
The model of the First Demographic Transition (DAVIS 1945) describes the change since the late
18th century from a high and highly variable mortality and fertility level to the low mortality and
fertility patterns of industrialized countries today. During the phase of transition, when the decline
of mortality started before the decline of the fertility took place, that resulted in high rates of population growth. During the transition, the median age of the population and the dependency ratio was
falling (“demographic dividend”). At the end of the transition the life expectancy was far higher
than before. The reduced mortality in industrialized countries was initially induced by better nutrition, better hygiene, improved medical care, and reduced excess mortality during crises, with the
highest effects on a reduced infant mortality in the beginning. Declining fertility is usually explained as a socio-economic and socio-psychological adaptation to changing socio-economic conditions during the industrialization and the reduced infant mortality, and usually showed a time lag of
at least one generation respect to the declining infant mortality in the industrialized countries. The
model was derived from the population history of the industrialized countries and is used today by
the UN Population Division as a universal theory for the modelling of population projections for
developing countries.
Second Demographic Transition
The model of the Second Demographic Transition (VAN DE KAA 1987) was developed to describe
the decline of the fertility below the replacement level of approximately 2.1 children per women
since the 1960th in most industrialized countries. The explanation of this new and unprecedented
trend in demography is usually related to the modernization of society, with changing family patterns, changing normative values concerning family and children, and a secularization and individualization in terms of the decision to have or not to have children. The result of the Second
Demographic Transition is a declining and ageing population and a strong increase of the dependency ratio (relation of population below 16 and over 65 to population at working age 16-65 years),
now no longer caused by a high share of children but a high share and growing absolute number of
pensioners. This trend with its negative effects is widely attributed to society and economy, such as
reduced innovation, reduced work force, negative impacts on pension funds and social security systems as well as problems of infrastructure or spatial planning.
Mobility Transition
The model of the Mobility Transition (ZELINSKY 1971) was developed in 1971 and summarizes
the spatial mobility patterns in industrialized countries since pre-industrial times till the second half
of the 20th century. One of the main findings of migration research in the industrialized countries is
an increasing internal and international migration in the 19th and 20th century. In the now highly
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urbanized and developed regions migration patterns are characterized by less rural-urban, more
urban-urban, urban-suburban, and circular migration. The model is as a whole unable to provide
precise information on future migration patterns for population projections. Nevertheless, the systematic description of different migration patterns by the model allows to enquire in the relationship
of different kinds of mobility and migration. Due to the current incorporation of the less developed
regions in a global world with intensifying economic linkages and improved means of international
transport, migration patterns in the developing countries are thought to follow the phases of the
Mobility Transition model.
Data sources and projections
The problems of data sources for modelling demographic processes of many developing countries
rely on the lack of reliable census data and of precise population register-based data for the time
interval between census years. The available data are also unable to cover aspects of the spatial
population distribution, the population development of the fast growing cities and the internal migration. Because of the scarce information on the population processes in developing countries, the
assumptions derived for demographic projections are to be questioned.
The demographic projections of the UN Population Division are made using the deterministic cohort component method. The population of the base year, differentiated by age and sex, is modified
for the following year by applying the assumptions on age specific fertility, mortality and migration
surplus on the population structure of the base year. The result is used to compute the number and
composition of the population for each following year.
Projections based on deterministic models will be reliable, if the assumptions for fertility, mortality and migration are true. In this case, deterministic models are highly accurate. While the assumptions on mortality were mostly accurate in the past, the past assumptions of fertility levels were
unable to predict e.g. the fast declining fertility during the Second Demographic Transition. The
assumptions on internal and international migration are dependent on the economic development
and the political framework and can change considerably in the future.
Demographic models using probabilistic methods provide simulations of the population development based on the analysis of time series data and account for the statistical probability of future
population developments within a given range of confidence. Breaks in the future development
caused by changing conditions for fertility and international migration that could not be derived
from the experience of the past, are not accounted for by probabilistic models.
General problems of demographic projections based on the models of Demographic or Mobility
Transition concern that there is no evidence that demographic models derived from observations in
developed countries in the past could be valid for all present and future societies. As shown in Table 1, the UN Population Division assumes a convergence of the level of the total fertility rate
(TFR: average number of children per woman) in developed, less and least developed regions. Table 2 shows the development of the TFR for different countries according to the World Population
Prospects 2002. According to the assumptions made for Mali and Chad, their future TFR will show
a strong decline and nearly reach the low fertility level of Germany and France. To reach this goal,
the future development of the TFR in Mali and Chad have to decline faster than in Pakistan and
Nigeria, where the decline of the TFR started already around 1980. All demographic theories used
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to model future population developments are, as explained above, unable to predict changing paradigms of fertility and migration in the future. Even the assumptions for the mortality, which were
highly accurate for developed countries, can show an unexpected unreliability for less and least
developed countries. Due to the increased mortality by AIDS/HIV (and reduced estimations for the
level of fertility) in some African and Asian countries the estimations of the UN World Population
prospects had to be reduced by approx. 400 million people in 2050 (medium variant) between the
2000 and 2002 Revisions (UN, 2002 and 2003).
Table 1: Total Fertility Rate (TFR) according to the UN World Population Prospects 2002: DCs, LDCs, LLDCs, different variants 1970-2050*

* Average for period of 5 years
Source: World Population Prospects 2002 [online: http://esa.un.org/unpp/]

Table 2: Total Fertility Rate (TFR) according to the UN World Population Prospects: DCs, LDCs, LLDCs, regions, and
selected countries, 1970-2050*.

Results of the UN World Population Prospects
The three most important aspects of the global demographic change are: the population growth
and increasing population density, the ageing of the population and the urbanization. All three topics will be described in the following section (see Swiaczny 2005 for an extended coverage of this
topic).
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Population development
The global population growth is a result of the high level of fertility in most of the less and least
developed countries. While the TFR of the developed countries had been falling below the replacement level of 2.1 children per women in the 1970th, it remained high throughout the rest of the
world. Nevertheless it declined from 5.42 in the less, and 6.58 in the least developed countries to
3.11 and 5.46 respectively in 2000. The medium variant of the latest World Population Prospects
assumes a further decline to 2.04 and 2.47 till 2050. Even the highest variant forecasts a decline of
the TFR to 2.52 and 2.95 compared to 2.35 for the developed countries (Table 1).
As a result the average number of children per women will fall below replacement level at a global scale after 2040. During this time most of the regions will have a TFR of around 1.9, only in
Africa the TFR will remain considerably higher at about 2,5 (Table 2). The world population has
increased from 3.7 billion in 1970 to approximately 6 billion in 2000. The future growth is predicted to reach nearly 9 billions in 2050. The population of the developed countries will remain stable
at around 1.2 billions in this medium variant scenario. The population of less developed countries
will then reach more than 7.5 billion people and the least developed countries will have more than
twice the population of 2000, then about 1.6 billion. The largest absolute increase will took place in
Asia (5.2 billion in 2050), the largest relative increase in Africa (1.8 billion in 2050). The only region with an absolute decline of population will be Europe with nearly 100 million less compared to
year 2000 (Table 3).
Table 3: World population (in 1,000): DCs, LDCs, LLDCs, and regions, 1970-2050.

The global population growth per year was 1.9% in 1970/75, 1.2% in 2000/05 and is expected to
be only 0.3% in 2045/50. In the developed world the population will begin to decrease from 2030.
The most prominent reduce in population growth will took place in the less developed countries
where the figures will fall from 1.4% in 2000/05 to 0.4% in 2045/50. In the least developed countries the population growth will be half the number of 2000/05, about 1.2% in 2045/50. Africa will
remain the fastest growing region in the world with about 1% per year (Table 4). As a result of the
population growth the population density per km2 will increase accordingly, from 45 in 2000 to 66
in 2050 at a global scale. The population densities of the least developed countries will nearly threefold until 2050 and reach 81 in 2050. In Africa the population density will double until 60 in 2050
and the highest number will be reached in Asia with 164. Europe is the only region with a declining
population density; in 2050, 27 people are expected to live on one km2 (Table 5).
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Table 4: Population growth in %: DCs, LDCs, LLDCs, and regions, 1970-2050*.

Table 5: Population density per sq. Km: DCs, LDCs, LLDCs, and regions, 1970-2050.

Ageing
As shown in Figure 2 (left side) the age composition of the world population will change considerably in 2050 compared to 1950. In 1950 the age composition was characterized by large age
groups of children and – due to high mortality – a declining number of elder people. In 2050 the age
structure will show a maximum of people in the age groups between 20 and 34 years. The younger
age groups will show declining numbers, indicating the start of a general population decline, while
rough numbers will be far beyond the figures of 1950. The elder groups – due to increased life expectancy – will make up for a growing share of the population in 2050 compared to 1950 (right
side), indicating the ageing process of the population.
For the world population the growth of the median age was only moderate in the past, from 21.7
years in 1950 to 26.4 years in 2000. Till 2050 the median age will increase to 36.8 years. In the developed countries, where today the median age is already 37.3 years, ageing will continue and will
reach 45.2 years in 2050. In the least developed countries ageing will take place faster than in the
industrialized countries during the next 50 years, the median age will grow from 24.1 to 35.7 years
in 2050, nearly the present level of developed countries. As a result of the high fertility in the least
developed countries they will still have a relatively young population in 2050 with a median age of
about 27 years.
In China the one-child population policy has increased ageing. In 1970 the median age of India
and China was nearly the same, 19.9 and 19.7 years respectively. Since the 1970th the population of
China started to age faster than that of India. In 2000 the difference was about six and a half year. In
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2050 the median age of China will reach 43.8 years, nearly the average of developed countries. The
Chinese population’s median age will then be approximately two and a half years higher than the
average in Northern America. In India the increase of the median age is much slower, in 2050 the
figure will be only about 38 years, which is slightly below the average of all Asian countries and
only a little below the average of the less developed countries.
Figure 2: World population by sex and age in millions and percentage, 1950 and 2050
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Source: World Population Prospects 2002 [http://esa.un.org/unpp/], own calculation.

Urbanization
Most of the future population growth will took place in the urbanized areas of the world. From
2000 to 2050 the global population in the rural areas will remain stable at around 3.2 billion people.
In the developed countries there will be a slight decrease, whereas in the less developed countries a
slight increase will occur. Only in the least developed countries the rural population will grow by
about 200 million people till 2050, three quarter of that in Africa alone (Table 6).
Table 6: Rural population (in 1,000), DCs, LDCs, LLDCs, and regions, 1950-2030
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While the rural population will be stable, the urban population will show a large growth, from 2.9
billion in 2000 (less than the rural population) to 4.9 billion in 2050. The growth in the developed
regions will be about 132 million, in the less developed regions around 1.955 billion and even in the
least developed regions approximately 377 million people. A total of 1.3 billions out of the 2 billions growth of urban population is accounted for by Asia and 450 million by Africa (Table 7).
Table 7: Urban population (in 1,000), DCs, LDCs, LLDCs, and regions, 1950-2030.

The urban population will grow with a rate of more than 1.5% per year at the end of the 2020th,
with the highest growth in the least developed regions (3.47% 2025/30). In Asia, the region with the
highest absolute growth rates, the growth rate has already begun to slow down and will fall below
2% per year from 2020. In Africa the urbanization rate is currently still above 3.5% per year and the
slow down of this process is less prominent than in Asia. The annual urban growth rate of Africa
will remain above 2.5% in 2025/30. The urbanization rate of Europe is by far the lowest in the
world and it will stay stable at around 0.1% per year until 2030 (Table 8). In 2030 the share of urban population will be highest in Northern and Latin America (about 85%), followed by Europe
(about 80%). The urbanization ration of Africa and Asia, now both at 37.1% will increase considerably to around 54% in 2030.
Table 8: Urbanization on rate in %, DCs, LDCs, LLDCs, and regions, 1950-2030*.
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Summary
From the results of the world and urban Population Prospects one can expect a declining population growth around the world as well as a convergence of the TFR and other demographic parameters. In 2050 Africa will still have the highest population growth and the lowest median age, Asia
the highest population density. The population growth in the less and least developed countries will
took place mostly in urban areas with high urbanization rates in Asia and especially in Africa. Both
continents will then reach an urbanization ratio of slightly more than 50%.
The demographic situation in Europe will be the most extreme in terms of low fertility, high median age and population decline. In 2050 Europe will have the lowest TFR in the world and a population decline of 0.4% per year in the 2040th according to the medium variant of the UN projection
(and most national statistical offices expect even lower figures). The population density will then be
slightly below the average of developed countries. The ageing will further increase and the median
age will reach a value of 47.7 years, far beyond the other regions and slightly above the whole figure for developed countries. The rural population will decline by about 60 million people till 2050
while the urban population will increase by only 15 million. The urbanization rate will allow a slow
growth of the urban population by 0.09%, with cities in all other regions growing with 1% at the
mid of the century, and the urbanization ratio will reach 80%.
Conclusions
At the end of this paper three conclusions related to the EcoPop project design can be made:
1. The conceptualization of the relationship of demographic and environmental processes must
deal with the micro-macro problem of social research. While the demand of environmental
services can only be conceptualized based on human decisions made by individuals, demographic research is only possibly based on available aggregate macro-data. Future demographic processes as stressors of the environment can only be forecasted by combining demographic projections with survey data on individual preferences and decisions related to the
demand of environmental services. An elaborated conceptual model and the definition of a set
of suitable variables remain a desideratum of research.
2. The demographic data available by international organizations like the UN Population Division or the Population Commission of the Council of Europe (see also Swiaczny 2005) are not
sufficient for analysing ecosystem relevant demographic processes because of their small scale
spatial resolution. For research on the environmental change in the EU Eurostat data on the
NUTS 3 and NUTS 5 levels can be used and population projections have to be calculated at a
regional level.
3. The most dynamic demographic processes will take place in less and least developed regions.
Their impact on the global environment will exceed the demographic effects on the environment in more developed regions like the EU, where the population development is characterized by declining and ageing population and a slow down of urbanization and suburbanization.
As a result, the global environmental linkages between developing regions and developed
countries will likely modify environmental processes in the EU and should therefore be accounted for.
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