
Model implementation and application

The previous chapters described the context, modelling approach,

model structure, assumptions and equations. This chapter will describe

the applications of the modelling approach to several case studies,

which vary in aggregation level. The underlying theories for integra-

ted population modelling will be proven valid by applying them to a

small country like the Netherlands, to large countries like China and

India, and, finally, to 17 regions covering the world. With the applica-

tion of PHOENIX to these case studies, the demographic transition is

modelled in its broadest sense. The assumed generic structure of the

modelling approach will be proven valid on global, regional and even

country levels, as well as on various levels of phasing in the demogra-

phic transition. The practical implications of implementation, calibra-

tion and validation of the model, including data requirements of and

application to several countries, will be discussed. The PHOENIX appli-

cations are also used for several interesting model experiments.

7Chapter





173

MODEL IMPLEMENTATION AND APPLICATION

7.1 INTRODUCTION

The first steps of the modelling approach, depicted in Chapter 2, include the description of the
problem and its specification in terms of systems theory. These steps are extensively described in
Chapters 3, 4, and 5. The last steps of the modelling approach represent the practical implementa-
tion of the mathematical relationships to arrive at a simulation model to be used for experimenta-
tion and communication of results. Implementing the simulation model includes the quantifica-
tion of all relationships and parameters. These relationships, already presented mathematically in
the previous chapters, are used in a straightforward manner for the implementation of the com-
puter simulation model using the modelling and visualization tool M (De Bruin et al., 1996).

Although most of the assumptions and estimations of the parameters and time series have already
been explained, an overview of the data requirements and sources has been lacking so far; this will
be included in Section 7.2.1 as part of the calibration procedure. This procedure also includes sen-
sitivity analyses, performed to gain insight into which variables are of major influence and which
are of minor influence on the model outcomes. Section 7.3 describes the conceptual validation of
the model, which includes the application of the modelling approach to four case studies: China,
India, Mexico and the Netherlands. On the basis of these experiences the model will be applied to
the 17 major world regions (Section 7.4). This chapter concludes with a number of experiments,
including uncertainty analyses and a selection of interesting model simulations (Section 7.5).

7.2 CALIBRATION AND VALIDATION OF PHOENIX

The main objective of the calibration procedure is to reproduce observed time series using the
simulation model. The calibration of a simulation model involves several steps. Before the actual
procedure can be started, the data corresponding with model variables and parameters have to be
collected first. Most of the data has already been collected and presented as part of the model
description of the various subsystems. Section 7.2.1 gives an overview of the required data corre-
sponding with model variables and parameters. Two kinds of model variables and parameters are
distinguished, namely: input variables, representing all exogenously set variables and parameters,
and endogenous variables, determined by input variables and/or other endogenous variables. The
next step of the calibration procedure is the adjustment of the first kind of variables to come up
with a so-called calibrated simulation model. The adjustment of the input variables is obviously
restricted by appropriate boundaries. Given these boundaries, the endogenous variables of such a
calibrated model should reproduce the historical time series ‘as well as possible’.

7.2.1 Data requirements

The first kind of data is data corresponding with input or auxiliary variables, which can be further
subdivided into constant variables or parameters (e.g. initial population size and maximum bio-



logical fertility) and time-dependent variables (e.g. economic growth and food availability). The
values of most of these variables and parameters are obtained from databases provided by interna-
tional organizations (like the United Nations, World Bank and the U.S. Census Bureau), although
for country-specific applications the surveys can also serve as an important data source. Some of
the variables have not been registered yet and their values will have to be estimated. Table 7.1
shows these necessary input data, with their corresponding units and sources, for each subsystem.

Ideally, the input data listed above are available for the whole period of calibration, i.e. 1950 up till
now. However, as already mentioned several times, the availability of most data is rather limited.
For some of the input variables, the data are partly or sometimes is even totally lacking (e.g. data
for 1950-1970 or data on policy efforts and effectiveness of health services). These variables are
indicated with ‘EST’. Even for variables obtainable from the indicated sources, the reliability of
the available data can sometimes be questioned. In the calibration procedure, the values of vari-
ables are estimated and adjusted by comparing the results of the simulation model with registered
historical data, represented by the variables listed in Table 7.2.

7.2.2 Sensitivity analyses

The procedure for calibration should include several steps, e.g. sensitivity analysis. Sensitivity
analysis provides information about the influence of the values, and changes in these values, and of
input variables on model outcomes represented by the endogenous variables listed above. Analysis
allows the sensitivity of the all input variables to be internally ranked. The latter is particularly
important for the calibration process. The variables that turn out to be the most sensitive are con-
sidered first for adjustment, so as to realize a fit for the output variables, while the more insensitive
variables are not altered. The sensitivity of model outcomes to changes in a particular input vari-
able does not only depend on the model structure but also on other aspects like the value of that
variable or the value of other, related variables. For example, life expectancy will be more sensitive
to changes in smoking prevalence when causes of death related to low socio-economic mortality
risks have been eliminated. 

The sensitivity analyses are performed using the software package UNCSAM (UNCertainty
analysis by Monte Carlo SAMpling techniques) (Janssen et al., 1990). Most of the input variables
listed in Table 7.1 were included in the sensitivity analyses. An upper and lower limit is defined for
all variables and a uniform distribution is used to obtain samples from this domain. The Monte
Carlo method is applied to the sampling, which uses the Latin Hypercube sampling technique.
The advantage of this technique is that it provides a limited, however, appropriate collection of
samples. The endogenous variables used for evaluation of the model’s sensitivity considering the
input variables, are selected from Table 7.2. The sensitivity of the changes in input variables are
evaluated considering total fertility rate, total number of births, life expectancy, total number of
deaths, population size and population dependency ratio. The sensitivity analyses are applied to
the four country case studies, India, China, Mexico and the Netherlands. The results are summa-
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Table 7.1 Overview of input data, including unit and main sources, for the four subsystems

Subsystem Variable (1950-now) and parameters Unit Source

Population Initial population Person UN
Initial population distribution by sex-age Fraction UN
Initial population growth % per year UN
Sex ratio at birth Boys over girls ratio IDB

Migration Migration by sex and age Person UN

Fertility GDP purchasing power parity 1995 PPP$ WB
Female literacy level Fraction UNDP
Maximum biological fertility Children per woman Bongaarts
Mass communication policy Efforts EST
Education policy Efforts EST
Family planning policy Efforts EST
Abortion legislation no-strong EST
Initial population policy efforts Efforts EST
Initial unmet need Fraction EST
Initial CPR Fraction IDB
CPR maximum level Fraction EST
CPR diffusion rate Rate EST/
Start of CPR diffusion process Year IDB
Mix of CPR use (sterilization, pill, IUD, other) Fraction IDB/WISTAT
Women ultimately married Fraction IDB/WISTAT
Minimum age at marriage Years EST
Son preference - EST
Age-specific fertility distribution Distribution IDB

Mortality GDP purchasing power parity 1995 PPP$ WB
Smoking by sex and age Fraction WHO
Blood pressure by sex and age Fraction WHO
Adult literacy level Fraction UNDP
Food availability Kcal per cap per day FAO/IMAGE
Safe drinking-water supply Fraction UN
People initially at risk of malaria Fraction WHO
Temperature increase Degrees IPCC
Maximum-minimum mortality risk of unsafe abortion Deaths per abortion WHO
Maximum-minimum maternal mortality Deaths per 100,000 births WHO
AIDS-mortality rate by sex and Deaths per 1000 person UNAIDS
Residual-mortality rate by sex and -age Deaths per 1000 person EST
Relative mortality risk by sex, age and exposure - EST
Base mortality by sex and age Deaths per 1000 person CBS/USCB / 

Coale & Demeny
Effectiveness of health services Effect per dollar EST
Medical technology factor - EST

CBS = Statistics Netherlands, EST = estimated, FAO = UN Food and Agricultural Organization, IDB/USCB = International

Database U.S. Census Bureau, IMAGE = Integrated Model to Assess the Greenhouse Effect, IPCC = Intergovernmental Panel on

Climate Change, UN = United Nations, UNDP=UN Development Programme, WB = World Bank, WHO = World Health



rized in Table 7.3. This table shows which variables have turned out to be of most influence for
three output variables: total population, life expectancy and total fertility rate. For all four coun-
tries, three moments in time have been selected: 2000, 2050 and 2100. Although the last two do
not fall within the calibration period, they provide valuable information on the behaviour of the
simulation model and are useful for calibration purposes.

The following conclusions can be drawn from the sensitivity analyses:

• Various aspects of contraceptive use have proven to be of major importance. The start of the
diffusion process in combination with the diffusion rate are the most important for countries
like India and China, in which the fertility transition has set in during the last two decades.
While at the end of the transition, the upper level of contraceptive prevalence rate determines
the level at which the TFR finally stabilizes. The other proximate determinants have proven to
be less important than the CPR, although the proportion of women ultimately getting married
and the length of postpartum amenorrhoea are still of substantial influence.

• The sensitivity analyses show that food availability per capita (Food pc) affects the life
expectancy in 2000. In the course of the 21st century, this mortality risk is gradually eliminat-
ed and substituted by lifestyle-related mortality risks like smoking and blood pressure. Literacy
is important throughout the simulation period. The most prominent aspect is shown to be
medical technology effectiveness. This is not surprising since this directly determines the rela-
tive risks and with it, the mortality levels.
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Table 7.2 Data requirements for calibration of the Population, Fertility and Mortality subsystem

Subsystem Variable (period 1950 to present) Unit Source

Population Population by sex and age Person UN
Human development index - UNDP

Fertility TFR Children per woman UN
ASFR Children per 1000 women IDB/UN
CPR Fraction IDB/UN
Average age at marriage Year UN
Period of breastfeeding Months Bongaarts
Unmet need Fraction
Abortion Number
Births by sex (and age of mother) Person UN

Mortality Life expectancy by sex and age Year UN/IDB/WHO
Population below poverty line Fraction WB
Malnutrition Fraction FAO/UNICEF
People at risk for malaria Fraction WHO/Martens
Deaths by sex, age and cause Person WHO
Health services expenditures 1995 $ WB

For explanation of abbreviations see Table 7.1.
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Table 7.3 Results of sensitivity analyses for the years 2000, 2050 and 2100

China - Population
2000 Start CPR diffusion / Diffusion rate / Medical technology effectiveness / Ultimately married / Postpartum period / 

Upper limit CPR / Literacy 
2050 Start CPR diffusion / Diffusion rate / Upper limit CPR / Ultimately married / Medical technology effectiveness / 

Postpartum period / CPR effectiveness
2100 Upper limit CPR / Start CPR diffusion / Diffusion rate / Ultimately married / Medical technology effectiveness / 

CPR effectiveness / Postpartum period

China - Life expectancy
2000 Medical technology effectiveness / Food pc / Cure allocation / Literacy 
2050 Medical technology effectiveness / Food pc / Literacy / Cure allocation 
2100 Medical technology effectiveness / Literacy / Food pc / Smoking

China - Total fertility rate 
2000 Diffusion rate / Start CPR diffusion / Upper limit CPR / Postpartum period / Ultimately married
2050 Upper limit CPR / Ultimately married / CPR effectiveness / Postpartum period / Diffusion rate
2100 Upper limit CPR / Ultimately married / CPR effectiveness / CPR mix 

India – Population
2000 Ultimately married / Start CPR diffusion / Medical technology effectiveness / Diffusion rate / Maximum maternal 

mortality
2050 Diffusion rate / Upper limit CPR / Ultimately married / Start CPR diffusion / Medical technology effectiveness 
2100 Upper limit CPR / Diffusion rate Ultimately married / CPR effectiveness / Medical technology effectiveness

India – Life expectancy
2000 Medical technology effectiveness / Food pc / Maximum maternal mortality / Cure allocation / Prevention allocation
2050 Food pc / Medical technology effectiveness / Literacy / Cure allocation / Smoking
2100 Literacy / Food pc / Medical technology effectiveness / Smoking

India - Total fertility rate
2000 Diffusion rate / Start CPR diffusion / Postpartum period / Upper limit CPR / Ultimately married
2050 Upper limit CPR / CPR effectiveness / Ultimately married / CPR mix / Diffusion rate 
2100 Upper limit CPR / CPR effectiveness / Ultimately married / CPR mix

Mexico - Population 
2000 Diffusion rate / Upper limit CPR / Ultimately married / Start CPR diffusion / CPR effectiveness
2050 Upper limit CPR / Diffusion rate / Ultimately married / Start CPR diffusion / CPR effectiveness
2100 Upper limit CPR / Diffusion rate / Ultimately married / CPR effectiveness / Start CPR diffusion

Mexico - Life expectancy
2000 Literacy / Food pc / Medical technology effectiveness / Smoking / Cure allocation
2050 Literacy / Food pc / Smoking / Medical technology effectiveness / Blood pressure
2100 Literacy / Food pc / Smoking / Blood pressure

Mexico - Total fertility rate
2000 Diffusion rate / Start CPR diffusion / Upper limit CPR / Ultimately married / CPR mix
2050 Upper limit CPR / CPR effectiveness / Ultimately married / CPR mix / Diffusion rate
2100 Upper limit CPR / CPR effectiveness / Ultimately married / CPR mix

The Netherlands - Population
2000 Diffusion rate / Upper limit CPR / Ultimately married / Start CPR diffusion / CPR effectiveness
2050 Upper limit CPR / Diffusion rate / Ultimately married / Start CPR diffusion / CPR effectiveness
2100 Upper limit CPR / Diffusion rate / Ultimately married / CPR effectiveness / Start CPR diffusion

The Netherlands - Life expectancy
2000 Literacy / Medical technology effectiveness / Smoking / Blood pressure 
2050 Literacy / Medical technology effectiveness / Blood pressure / Smoking
2100 Literacy / Medical technology effectiveness / Blood pressure / Smoking

The Netherlands - Total fertility rate
2000 Upper limit CPR / Diffusion rate / CPR effectiveness / Ultimately married / CPR effectiveness
2050 Upper limit CPR / CPR effectiveness CPR mix / Ultimately married / CPR effectiveness
2100 Upper limit CPR / CPR effectiveness / Ultimately married / CPR mix / CPR effectiveness



• The policy options of influence are mostly concerned with public health. The health services
policy options are influential during the whole simulation period. Model outcomes are espe-
cially sensitive to changes in the fraction of the GDP spent on health services. The population
policies in the fertility subsystem are of little importance compared to the other factors, like
CPR. Only the start of the diffusion process can be influenced by population policies. Once
the autonomous diffusion process has started policy options play a minor role. 

Some of the conclusions above may be considered fairly trivial. However, the sensitivity analyses
are helpful in understanding model behaviour and confirming assumed model behaviour. Besides,
counter-intuitive and deviating model outcomes can be traced or excluded from the sensitivity
analyses.

7.2.3 Validation

The validation procedure is defined as the procedure for testing the adequacy of a simulation
model to describe the underlying processes and mechanisms. The purpose of the calibration pro-
cedure is to demonstrate that the conceptual model can be used to describe the dynamics of a par-
ticular country or region and that historical data can be reproduced. The question remaining is
whether the chosen model structure is valid for performing simulations providing information on
future developments. A validation procedure was applied to enable these simulations.

Validation of a model can be divided into two types, conceptual and practical (Rotmans et al.,
1997c). Conceptual validation is used to obtain insights into the generic character of the mathe-
matical formulation. Conceptual validation consists of the application of the conceptual model to
another country or region. Such a country or region is represented by its own data sets of input
variables (see Table 7.1) and endogenous variables used for calibration targets (see Table 7.2). The
presumed generic structure of the conceptual model for geographical population patterns and
phasing of the demographic transition can be endorsed by a satisfactory application of the model
to several countries. How these countries are selected for application is described in Section 7.3.

The second type is the practical validation, which consists of the comparison of PHOENIX model
outcomes with the outcomes of other models. Also, in explaining the different outcomes of the var-
ious models, one of the restrictions lies in the vital information that is lacking in model assump-
tions and relationships of other modelling approaches, like the United Nations World Population
Prospects and IIASA. The comparison will therefore only be descriptive and not explanatory.

7.3 COUNTRY CASE STUDIES

The conceptual validation of PHOENIX consisted of applying the modelling approach to a selec-
tion of countries. The criteria used for selection were availability of data, geographical coverage,
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global relevance and variation in the phasing of the demographic transition. The phasing criterion
is of importance in showing the validity of the modelling structure for describing all phases of the
demographic transition. The countries selected for application were India, China, Mexico and the
Netherlands, similar to those selected in TARGETS1.0 (Niessen and Hilderink, 1997). Specific
data for population, fertility and mortality subsystems were used for each, and the results of all
applications compared with time series provided by others as part of the practical validation. 

7.3.1 India

The application pertaining to India is extensively described in the report ‘Fertility change in India’
(Hutter et al., 1996). The most important and noteworthy issues of the Indian situation will be
overviewed here. Although one can hardly speak about the Indian situation, considering the
nationwide differences in socio-economic and cultural conditions and, consequently, in fertility
behaviour, India does show a coherent pattern in demographic developments. With 929 million
people in 1995, India’s population is the second largest in the world. The relevance of this number
is made even clearer in the light of its increased contribution to the world’s population, from
14.2% in 1950 to 16.3% in 1995, and still growing at more than 1.5% per year.

India keeps steady pace with modernization. The economic pattern shows a shift from agriculture
towards a more industrialized and services-oriented economy, although 73% of the population
still lives in rural areas. This is accompanied by an average annual growth of more than 5% over
the last two decades. Despite this rather high growth rate, the current average income of $340 per
capita is still relatively low and in 1992, 52.5% of the people had less than $1 per day to spend.
The relatively low respective public expenditures of 3.5% and 2.9% GDP on health and educa-
tion in 1990-1995 are reflected by the other two components of the HDI. The illiteracy rate for
the population aged 15 and over is about 50% but for illiterate women it is 62%, showing the
unequal distribution among the sexes. The average life expectancy of 62 for those born in 1998 is
about four years below the global average. 

Demographic transition
The first phase of the demographic transition, with birth and death rates at a high level of 50 per
1000, lasted until the early 1920s. In the next phase, the epidemiological transition set in, with
the control of diseases like plague and cholera, and higher agricultural production. The current
reduction in death rates is mainly due to improved access to safe drinking water and sanitation to
combat diseases like gastroenteritis and diarrhoea. Mortality rates are expected to drop further,
raising the life expectancy to about 75 in 2050. Remarkable is the sex difference in mortality in
favour of men. This reflects the low status of women in the Indian society and results in unbal-
anced proportion of men to women. The sex ratio in 1991 was 927 females per 1000 males. 

The fertility transition does not show an unequivocal pattern. The TFR started to fall off in the
early 1970s from a level of almost 6 children per woman to 4.5 in the late 1970s. Instead of show-
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ing a continuing fertility decline, the TFR remained at this level until the mid-1980s. The expla-
nation for this anomaly is the increase in natural fertility. Such an increase is often seen in the first
stages of modernization. Modernization goes hand in hand with a decline in duration of breast-
feeding and the softening of traditional rules on postpartum abstinence. The flexibility in other
cultural customs like loosening the traditional ban on widow remarriage is considered to have had
a considerable effect on the total fertility rate. After this period of stabilization the TFR showed a
rapid decline, reaching a level of 3.2 in 1995. The UN expects India to reach a replacement level
of 2.1 around 2010-2015 (UN, 1998b).

Proximate determinants of fertility
The past and present prominent position of family planning programmes and their effect on fer-
tility behaviour should be considered first when analysing fertility patterns. In 1951, India formu-
lated a formal, explicit population policy, which has been developed into an extensive programme
of family planning. According to the definition of the so-called ‘Five Year Plans’, starting in the
period of 1951-1956, the government tried to effect population growth at a level consistent with
the requirement of the national economy. From the fourth Five Year Plan (1969-1974) onwards,
demographic goals like a CBR level of 25 births per 1000 people (Fourth Plan) and a net repro-
duction rate (NRR) of one by the year 1996 (Sixth Plan) were set. Several policy measures were
implemented to reach these targets. In the beginning family planning and spacing of children
through contraceptive use were propagated, with especially sterilization used as the main method.
Since sterilization is a non-reversible method it is more relevant to couples who want to terminate
childbearing than for spacing purposes. Gradually more emphasis was put on spacing methods
like the pill, IUD and condoms. In the Third Five Year Plan the linkages between population and
social policies like raising the age at marriage, education and improvement of employment oppor-
tunities were recognized. These measurements reflect the consideration of participation of the
people as being essential.

The mean age at marriage for women in India was very low at the beginning of the 20th century
(12.7 in 1931, 15.6 in 1951). Since child marriage is included in the registration it is unclear
whether the data reflect the age at effective marriage which is related to the age at cohabitation.
The higher marrying age in India is related to the proportion of effectively literate people in the
labour force, in non-agricultural occupations and living in urban areas (Audinarayana, 1985). The
increase from 17.2 to 18.4 years between 1971 and 1981 might be due to the adoption of a law in
1978, stipulating a minimum marrying age of 18 for girls and 21 for boys. 

Almost half of all Indian couples currently use a contraceptive method, compared to only 14% in
1970. Since data on the period of 1950-1970 are lacking, the assumption is made that the initial
level is less than 5%. In 1977, the threshold value of 20% was reached, marking the start of the
diffusion process. The rapid increase in the CPR suggests a relatively high diffusion rate. The sur-
veys conducted by the Operations Research Group reported a CPR level of 35.3% and 44.9% in
1980 and 1988, respectively. However, these levels might be overestimated, given the drop in CPR
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to 40% in 1992-93, as estimated by the 1992/93 National Family Health Survey (NFHS). The
increase in CPR was mainly due to the contribution of sterilization, which formed a vast majority
of all contraceptive methods. In 1992, sterilization accounted for more than 75%, whereas less
than 5% of the CPR consisted of pill and IUD users.

In India abortion has been legal since 1971 if it is performed to save the mother’s life, or to protect
the physical and mental health of women and unborn children, or in cases of rape and contracep-
tive failure. Abortion rates are not easily estimated due to lack of reliable data. The legal abortions
are registered and show a slight increase amounting to about 600,000 annually in the 1990s. The
vast majority of abortions, however, take place illegally. Estimates of these non-registered abor-
tions differ widely, varying from 2 to 6.7 million each year. These figures correspond with an abor-
tion rate of 60 to 200 abortions per 1000 known pregnancies or a ratio of 55 per 1000 women.
Obviously, the high number of abortions indicates a high unmet need for contraceptives, 40% in
1970 and 18.5% in 1980. The occurrence of sex-selective abortions after sex-determination by
amniocentesis is known. Normally, the sex ratio at birth varies between 104 and 107 boys per 100
girls, but data in India show a relatively high sex ratio of 112:100. The possible effect of son pref-
erence on abortion rates is not taken into account. 

Data on the postpartum infecundability also show a wide variation. Natarajan and Swamy (1989)
found that prior to 1967 the period of postpartum amenorrhoea varied between 10-15 months in
rural areas, while after 1981 the range narrowed from 7.9 to 11.2 months. The NFHS of 1992/93
found the mean duration of postpartum infecundability to be 11.1 months for all of India. In
India, the duration of postpartum infecundability is also negatively correlated with the level of
education (Hutter et al., 1996).

In India, the wanted fertility level or desired family size is strongly determined by the desired
number of sons (Das, 1987). The percentage of women desiring additional children decreases
with the present number of children. In two-daughter families, 75% of the women want more
children; in the case of one daughter and one son this is only 44%. A similar decrease with num-
ber of sons is noticeable in 3- and 4-children families. On the other hand, families with only sons
show an increase in the desire for additional children. The NFHS of 1992/93 reported 2.9 chil-
dren as the ideal number of children for all India while Das (1987) found an ideal composition of
a family of two sons and one daughter. The second son is seen as insurance in case the first son
does not survive. With a decrease of mortality levels, people will opt for only one son. Education
levels are also of influence on son preference, although this is only restricted to women with at
least a high school education. This underpins the assumed relationship of son preference with the
level of the human development index. Bhat (1996) stated that, given a total fertility level of
around 5-6, son preference does not affect fertility, but at the 3-children level son preference starts
to play a role. In the simulation model, son preference is taken into account by modification of
the maximum level of CPR.
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Mortality risks
The socio-economic pressures to improve health conditions show a deterioration when compared
to more developed countries. Nevertheless, the increase of life expectancy by 25 years since 1950
suggests great changes in the pressure system. The average health expenditure of 3.5% of the GDP
corresponds with barely $12 per capita per year; furthermore, private expenditures form a larger
component of this expenditure than public expenditures (2.8% versus 0.7%). The very low level
of these expenditures can hardly explain the reduction in mortality levels, meaning that most of
the health gain must be explained by the other pressure factors. Safe drinking-water access almost
tripled in the period 1970-1995, and is now reaching 81% of the population. Unfortunately, the
progress of providing access to adequate sanitation falls short in comparison with the water supply.
The 70% coverage in urban areas is in marked contrast with the 8% access in rural areas. The
immunization rate of 84% for measles and 92% for DTP (diphtheria, pertussis or whooping
cough, and tetanus) represent figures comparable to the developed regions. An exception to this is
the food availability. The food intake has only slightly improved since 1960, from an average level
of 2000 to about 2300 kcal per capita per day. In the period 1990-1997, the level of child malnu-
trition is at about 53%, representing over one-third of the world’s malnourished children
(UNICEF, 1998). After a peak of more than six million reported malaria cases in 1976, the num-
ber of cases has stabilized at just below two million per year. Lifestyle-related health risks have
been of less relevance up to now but will most likely become important, considering future devel-
opments for the elimination of infectious diseases. The daily smoking prevalence in the 1980s was
about 40% and 3% for men and women over 15 years, respectively.

Remarkable is the difference in life expectancy between the genders in favour of males. The expla-
nation for these differences should be not be sought in possible biological differences but are more
likely due to differences in the behaviour of families towards male and female children. The neg-
lect and discrimination of girls is also mentioned as being responsible for these differences.
Consequently, female infants are almost twice as likely to die by the age of 2 as are males. High
maternal mortality, in the age group 15-50, also contributes to life expectancy differences.

Results
The results of the application of PHOENIX to India. calibrated for the period 1950-2000 are
shown, followed by the presentation of a limited number of variables to illustrate the results for
the simulation up to 2100.

Calibration
Below are the main findings of the calibration procedure for fertility and mortality:
• Marriage is difficult to measure in India. The marriage correction factor had to be used for cal-

ibration purposes. The historical path of CPR could only be reproduced by assuming a diffu-
sion rate of no less than 0.14. With this assumption on the diffusion rate, the historical TFR
could be reproduced fairly well partly because the index of contraception is the most important
factor determining the TFR.

WORLD POPULATION IN TRANSITION

182



• The low SES mortality risk, especially in combination with other mortality risks, is dominant
when considering the causes of death. However, since the 1980s these causes of death are grad-
ually substituted by high SES-related mortality risks. The increase in life expectancy could only
partly be explained by elimination of mortality risks like the increase in safe drinking-water
access and food intake related with the percentage suffering from malnutrition. Increase in
medical technology effectiveness per health services dollar also increased.

The depiction of calibration results, as presented in Figure 7.1, are restricted to the TFR and total
number of births as fertility outcomes, and life expectancy and total number of deaths as mortality
outcomes.

Simulation outcomes
The next step is to extend the simulation period to 2100. For this simulation, a scenario consisting
of the assumptions on all time-dependent input variables is required. For the sake of brevity only
the assumptions (see below) on the main variables will be given. 

• Three per cent growth in income per capita per year, reaching $7000 per capita in 2100;
• Female literacy reaching 80% in 2025, 90% in 2050 and 99% in 2100;
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• Full coverage of safe drinking-water access in 2025;
• Linear 50 % increase in food availability per capita to a level of 3000 Kcal per capita per day in

2100;
• Stabilization of male smokers at 50%; female smokers reach 45% in 2050 and then stabilize;
• Maximum CPR level set at 75%;
• Sterilization remains the main method in the CPR method mix. 

The effect on the population size and structure is clear (see Figure 7.2). In Figure 7.3 the popula-
tion pyramids for the years 1950, 2000, 2050 and 2100 are shown. In 1950, the pyramid has a
shape typical for a fast growing, greening population, which results in 2000 in a population almost
tripled to 1.01 billion people. However, the first contours of the levelling off of the population can
be observed in the younger age groups. In 2050, after the TFR has remained for more than three
decades at a low level of just below replacement, the cohort of age 50 (born around 2000) forms
the largest age group in the population, which already comes to 1.54 billion. In the last half of the
21st century, the population starts to decline; to start with, this is slow but then accelerates rapid-
ly. The further decline in mortality levels in this last period is the driving force behind the process
of ageing; in 1950 the percentage of the population over 65 was 3%, in 2000 it is 4% and will
increase to 14% in 2050 and 25% in 2100.
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Figure 7.2 India fertility and mortality simulation results.



7.3.2 China

The second country selected for a case study is China. Similar to the India case study, the applica-
tion of the simulation model to China benefits from earlier research, ‘Fertility change in China’ by
Zeng Yi (1997), which was carried out as part of the Global Change & Sustainable Development
Programme at the National Institute of Public Health and the Environment (RIVM).

With about 21.5% of the world’s population in 1995, China is in a leading position concerning
population size. Although the population growth is rather low, around 1% per year, China is
expected to remain in this position for several decades. The 1.2 billion people are living in an area
of 9.6 million km2, which is slightly smaller than the USA. Most of these people are living in rural
areas (70%) and are working in the agricultural and forestry sectors (54%).

Demographic transition
In China, the awareness of possible negative effects of a rapid population growth on resources has
resulted in family planning policies as in India. Five phases of family planning initiatives were
introduced in the period 1949-1995. The demographic transition will be described on the basis of
these five phases. The formation of the People’s Republic of China in 1949 is used as the starting
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point for the describing the Chinese demographic transition. At that time the demographic transi-
tion had already set in and death rates were already at low levels of 20 per 1000, mainly due to the
egalitarian distribution of food and medical care, while birth rates were fairly high at around 35
per 1000. 

In the first phase (1949-57) birth and deaths rates decreased just slightly and resulted in a natural
growth of 16-25‰. This impelled the government to launch the first birth planning campaign,
resulting in a drop of birth rates to a level of below 20 per 1000 in the second phase (1958-61).
Instead of the expected further decline of death rates, they increased remarkably due to a decline
in living standards caused by natural disasters and damaged industrial and agricultural productivi-
ty. The combination of these rates implied a natural decrease of the population. In the third phase
(1962-70), death rates were restored to previous levels of 5-10 per 1000 and remained there. The
post-crisis birth-rate peak of 43.4 per 1000 in 1963 initiated the second birth-control campaign.
Nonetheless, this campaign was less effective and birth rates did not decline as much as they did
after the first campaign, partly due to the counter-force of the so-called Cultural Revolution,
which began in 1966. The fourth stage (1971-79) included more effective policy measures like the
stimulation of late marriage, long birth intervals and fewer children, which caused birth rates to
decline to a level of 17.8 per 1000. The most recent, fifth phase (1980 - present), is known for its
campaign of advocating one child per couple, control of second births and prevention of third
births. The increase in the birth rates in this last period can be partly attributed to the age struc-
ture, while the total fertility rate shows that the campaign was successful in reducing it from 2.35
in 1984 to 2.59 in 1987, 2.31 in 1988 and 1.9 children per woman in the period 1990-95. At
present, however, the birth control regulations have been relaxed in some rural areas and one-
fourth of Chinese women get married before the minimum legal age of 20. In the future, several
alternative policy options (e.g. two-child policies, which entail delaying or/and spacing) might be
applied as being effective as, or even better than, the present policy (Greenhalgh and Bongaarts,
1987).

Proximate determinants of fertility
Due to the dominant existence of the population policies the fertility transition bears only little
resemblance to the patterns observed in other countries. The total fertility rate is strongly influ-
enced or even determined by the policy measures. The effects of the second phase are clearly
shown by a drop of around 6.4 children per woman in 1957 to 3.3 in 1961. This period was fol-
lowed by loosening enforced family planning and caused an increase of TFR to the level of around
6 children per woman in the period 1962-70. After this peak, the TFR rapidly declined from a
level of 5.4 children per women in 1980 to 2.2 in 1980. Recently the State Family Planning
Commission reported low TFR levels of 1.65 and 1.52 children per woman in 1991 and 1992.
Zeng Yi (1996) estimated the actual fertility level in this period at 25 to 28% higher due to under-
reporting. These differences can be partly ascribed to underreporting of female births, which
explain, together with sex-selective induced abortion, the increase in sex ratios at birth as present-
ed in Tabel 4.6 (Zeng Yi et al., 1993a).
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In China, reproduction is exclusively related to marriage, since almost all births occur within mar-
riage. Until the fourth stage (1971-79), the average age at marriage increased gradually from under
19 to 20 years. The past policy measures of introduction of a minimum marriage age have had
their intended effect. The average age at marriage rapidly increased to 23 in 1979 as a result of the
New Marriage Law. The administrative decentralization has lessened governmental control, which
has resulted in a slightly decrease since 1979. The underlying marriage patterns show a high inci-
dence of marriage between 15 and 25. Of the women younger than 26, less than 10% were still
single in 1982 and 1988. More than 99% of the women ultimately got married and around 96%
of all women gave birth to at least one child (Zeng Yi et al., 1993b). The percentage of single
women aged 40-45 was 0.2 and 0.1 in 1982 and 1988, respectively.

According to the 1988 Fertility and Contraceptive Survey, the average duration of postpartum
amenorrhoea was 8.1 months. A majority of women returned back to their regular menstrual cycle
within two years, only 3.5% surpassed the limit of two years. The cumulative distribution of the
length of postpartum amenorrhoea can be partly attributed to the Chinese practice and belief of
one year protection of a newborn, but is also due to distortion of age-heaping in reporting and
recalling the exact length (Zeng Yi et al., 1997).

Being a remedial measure when contraception fails, abortions are popular and legal in China.
Limited access to or failure of contraceptives could explain the high abortion rate, but in the
Chinese case, abortion is often used as an extension of family planning. Consequently, the annual
number of abortions is high. The number of induced abortions of 3.91 million in 1977 and 10.9
million in 1985 correspond with about 1 abortion per 2 live births. Considering the TFR of 2.5
children per woman, this implies that a Chinese woman is on average implied to have had more
than one induced abortion. These abortions are, compared with other Asian countries, performed
safely, in view of the relatively low maternal mortality rate of 95 deaths per 100,000 births in 1990.

The last of the four proximate determinants, the contraceptive index, is very low due to an
unprecedented high CPR of 83% among married women in 1994, of which more than half is
attributed to highly effective sterilization (44%). IUD is also a widely practised method (33%)
contrary to the pill, which only accounts for 3% (UN, 1994). The dominance of the five staged
campaigns was of great influence on the spreading of birth control methods and, as a conse-
quence, one can hardly speak of a diffusion process with an autonomous diffusion rate. According
to the non-age specific fertility approach, the corresponding reducing effect of the contraceptive
index on these figures is such that the TFR cannot be higher than a level of 1.9 children per
woman, assuming no reduction at all of the other determinants (i.e. value of the indices is 1).
When the reduction of the other indices is also taken into account (with 21 years as the average
age at marriage, three months of postpartum infecundity and no abortion) the TFR comes to just
above one child per woman. Wang (1987) obtained similar model outcomes using data of a sam-
ple survey among married women in the district of Beijing City. Over-reporting and failure of
contraceptives are suspected to be important causes but still do not provide a satisfactory explana-
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tion. These findings suggest strong age-dependency among the four determinants, which is
endorsed by the ASFR. More than 75% of the average 1.9 children at the end of a woman’s repro-
ductive life span, are born between the ages of 20 and 30. The age-specific approach is able to deal
with these patterns. However, the higher data requirements in combination with the availability of
demographic data, especially for the period 1950-80, make the interpretation and calibration of
the model variables even more difficult. 

Mortality risks
The last 50 years, China has seen great improvements in broad health conditions. Estimations for
the life expectancy around 1950 range from 40 (UN, 1994) to 47 years (Zeng Yi, 1991), while,
currently, a life expectancy at birth of around 70 is observed. The reduction in infant mortality
rates (IMR) of as high as 200 per 1000 live births in 1950 to 32.9 in 1990 is illustrative of the
enormous progression. An explanation for this reduction is difficult due to lack of data. On the
other hand, the nearly doubling of food availability in the last 35 years to a level of 2834 Kcal per
capita per day (FAO, 1996a) could partly explain the decrease of mortality levels. Besides, several
other health determinants like access to safe drinking water and sanitation have reached high levels
of 71% and 85%, respectively. 

The income component of the HDI is only 0.46 and might suggest a low development level. The
economic figures of China can be misleading if one only focuses on income as an indication for
development. With $620 (or PPP$2935), the average income is rather low; the population s
uffering from poverty is around 30%. The health system of China is closer to that of a middle
income country with social insurance (World Bank, 1993). Although only 3.8% of the GDP
(corresponding with $18 per capita) was spent on health in 1993, the percentage of the popula-
tion with access to basic health care is rather high at 94%. Combined with the literacy levels of
73% and 90% for females and males these conditions have resulted in the gradual elimination of
infectious diseases by lifestyle-based causes of death. This can also be attributed to the high
immunization rates of around 90% for measles and DTP. Malaria accounts for less than 0.05%
and is not of any relevance. With this shift towards non-communicable diseases, the health risk
due to smoking can become one of the major potential threats to health, since the prevalence of
smokers among men is around 62%. On the other hand, the prevalence of smokers among
females is still below 10%.

Results
The main findings of the calibration procedure are described in the next section, followed by a
simulation experiment, in which the fertility patterns and mortality patterns are taken exogenous-
ly instead of being obtained out of the proximate fertility determinants and the mortality risks.

Calibration
The application of PHOENIX to China has resulted in some difficulties in the calibration proce-
dure. The Chinese fertility patterns are strongly determined by stringent policy efforts. However,
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the Chinese fertility and mortality patterns could be reproduced despite the historical variations
(Figure 7.4). The main findings for fertility and mortality are as follows:

• The erratic course of the TFR and the number of births could not be satisfactorily substantiat-
ed by the proximate determinants, although the limited and often poor, data are also partly
responsible for the deviations from history. As argued above, the extremely high CPR level of
around 80% in 1994 could not be used as a calibration target; a level of 60% turns out to be
more appropriate. However, even with a lower CPR historical path, the diffusion rate had to be
adjusted to 0.14, similar to the Indian case study.

• The increase in life expectancy in the period 1950-1970 could not fully be explained by
changes in the exposure-related mortality risks. Another explanation – e.g. improvements in
health services – could not be found given the very small increase in per capita income deter-
mining the level of health services. On the other hand, the improvements in mortality risks, a
higher income and higher literacy rates resulted in the simulation model demonstrating a more
rapid growth in life expectancy than the observed time series. 
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China experiment
The outcomes of the calibration procedure are such that simulation could be extended to 2100.
However, policy efforts have proven to be of dominant influence, at least on fertility behaviour,
and also on mortality risks. In this experiment, the fertility and mortality levels are used to explore
the magnitude of their effect on the population size. The TFR and LE are set exogenously. By
using age- and sex-specific functions, fertility and mortality rates are obtained. For both TFR and
LE, three scenarios are used: low, medium and high. Table 7.4 gives the assumptions for the TFR
and LE scenarios.

Combining these scenarios results in nine variants, as shown in Figure 7.5. The China experiment
shows the magnitude of possible future developments in the population size, given the assumed
scenarios. The results show that for these high, medium and low scenarios for TFR and LE, the
fertility level contributes the most to the future population size. The various TFR scenarios show a
difference of 700 million people in 2100 for each of the three life expectancy scenarios. The
assumed variation in life expectancy results in a difference of about 100-200 million people in
2100. Although this experiment does not provide insight into the underlying structures of fertility
and mortality, it does provide supplementary information on what is of most influence on the
future population size. A side-effect is that it also proves the flexibility of the PHOENIX model-
ling approach; i.e. fertility and mortality can be described at a desired aggregation level.

7.3.3 Mexico

The third application of the PHOENIX model is Mexico. Mexico is chosen because it is one of
the countries which came close to completing the demographic transition in the last four decades.
This period of transition falls within the time scope of PHOENIX, making the Mexican case
study therefore very suitable for validation. Besides, the surveys ‘Encuesta Mexicana de
Fecundidad’, in 1977, and the ‘Encuesta Nacional sobre Fecundidad y Salud’, in 1987, conducted
as part of the WFS and DHS, provide a good review of the demographic situation.
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Table 7.4 Scenario assumptions for total fertility rate (TFR) and life expectancy (LE)

TFR LE

Low Continuing decline to a level of 1.5 children Decreasing growth of LE up to 2050 and 
per woman in 2020 stabilizing at 75 years

Medium Stabilization at the current level of 1.9 children Decreasing growth of LE up to 2050 and 
per woman stabilizing at 79 years

High A reverse in current trends and increase to Continuing decline of mortality levels, reaching
the replacement level in 2025 an LE of 85 years in 2100



Mexico now occupies the 49th place in the HDI ranking (UNDP, 1998). Since 1950, the life
expectancy has increased enormously from less than 50 to 72.1 years in 1995. After the economic
crisis in the 1980s, the average income increased to PPP$6769 in 1995, which is well above the
global average. Despite these recent positive economic trends, the Mexican market remains vul-
nerable due to a strong dependency on the US market. The influence of the USA can also be
observed in the migration flows. For example, in 1992, the net migration rate was -2.92 migrants
per 1000 persons.

Demographic transition
Mexico had around 14 million inhabitants, with some small fluctuations, between 1900 and
1920. After the revolution in the 1910s, mortality levels started to decline while fertility levels
even increased slightly. This resulted in a very high annual population growth of above 3%, lasting
several decades before the fertility transition started. Compared to most other Latin American
countries the fertility decline started late, 1972 instead of 1962; however, Mexico experienced a
much higher transition rate. The last 20 years fertility rates dropped rapidly from more than 6
children per woman to a level of below 3 in 1995. The current fertility levels are similar to the
large Latin American countries, corresponding with the end of the second phase of the demo-
graphic transition.
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Before the 1960s the different Mexican governments adopted a pro-natalist policy, considering a
larger population favourable to economic development. During the economic crisis at the end of
the decade, the General Population Law (‘Ley General de Población’), which had anti-natalist
character, was introduced. Family planning programmes were implemented in order to ensure a
free access to birth control methods. These programmes had the intended effect, as seen in the
rapid decline of fertility levels since the 1960s.

Proximate determinants of fertility
The legal minimum marrying age varies with the sex of the individual. Girls can marry from the age
of 14 on, while boys are required to have reached the age of 16. In Mexico, the law requires that a
civil marriage should precede a religious marriage sanctioned by church (mostly Catholic). There are
consensual unions without any official sanction but this is usually seen as a preliminary phase before
marriage. In 1976, 26% of the women said they started their marital life in a consensual union. The
percentage of women aged 15-50 lived in a consensual union without being officially married; this
ranged from 9% in 1982 to 7.5% in 1990. The mean age for girls going into their first marriage
showed a slight increase from 21.1 years in 1960 to a 22.2 years in 1990. This increase is mainly
caused by a decline in the proportion of married women between 15 and 30 years.

The pathway of contraceptive use shows its influence on the fertility transition. In 1973, only
13.0% of women of childbearing age used any form of birth control. In just more than two
decades, the average CPR had increased rapidly, marking the onset of the fertility transition, from
30.2% in 1976 to a level of 66.5% in 1995. As expected, traditional methods were substituted by
modern methods. First, the pill and IUD were the most popular, but during the 1980s and 1990s
female sterilization became the most important method (41.3%). 

In Mexico, abortion is permitted in order to save a woman’s life, or in case of rape or incest. In the
1980s, there have been efforts to liberalize abortion but according to Mexican law abortion is still
illegal, except on medical or juridical grounds. The estimations on the number of induced abor-
tions vary. For the period 1976-1989, an estimated 0.44 to 1.6 million induced abortions were per-
formed each year, which corresponds with between 200-500 abortions per 1000 pregnancies
(Paxman et al., 1993). According to estimations of Sing and Wulf (Singh and Wulf, 1994) the abor-
tion rate was at a level of around 225 abortions per 100 live births over the period 1976-1992.

The last of the four proximate determinants is the postpartum infecundability. Approximately 1
out of every 6 children does not receive mother’s milk; this was almost stable over the period
1976-1995. The mean duration of breastfeeding showed a slight decrease in this period from 12.4
months to 9.3 months (CONAPO, 1996).

Mortality risks
The levels of several health determinants indicate that Mexico has almost completed the epidemi-
ological transition. In 1996, only 15% of all causes of death could be attributed to communicable
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diseases. The substitution of these by chronic diseases is depicted by heart diseases and neo-
plasms, which together are already responsible for 26.8% of all deaths. Estimates of smoking
prevalence range from 38% and 14% for men and women, respectively (WHO, 1996a) to 47%
and 44% (UN, 1994). The latter seems to be rather high compared to other Latin American
countries. Remarkable are the deaths caused by accidents and injuries, accounting for the respec-
tive percentages of 18.5% and 5.3% of all male and female deaths. Accidents have become by far
the most important cause of death in both the age groups of 5-15 and 15-64. Infectious diseases
have been fought successfully in all areas. At the beginning of the 1980s immunization rates of
only 64% for measles and 40% for DTP were obtained, while a decade later both rates were at a
level of 90%, achieved by immunization programmes. The part of the population with access to
safe drinking water has increased in the last two decades from 62% to 83%. A similar increase
was obtained with food intake, which is now at a level of above 3000 kcal per capita per day.
However, equal food availability is liable to improvement since 14% of the children still suffer
from malnutrition. In total, nutritional deficiencies were responsible for about 2.5% of all deaths
in the period 1991-1996. An exception to these successes is the mortality due to AIDS. Although
AIDS accounts for only 1% of all deaths, the number of deaths due to AIDS has doubled in the
last five years. 

The national health expenditures account for 2.8% of the GDP. Given the average income of
1995 PPP$6046, this corresponds to about 1995 PPP$170. If the decrease in communicable dis-
eases and the increase in chronic diseases perseveres, Mexico will, in the coming decades,
encounter the consequences of an ageing population. 

Results
The Mexican demographic transition started around 1950 and is now almost completed. The
Mexico case study functions therefore well as a practical validation of PHOENIX. The age-specif-
ic fertility model (see Section 4.4) is applied to describe fertility behaviour. The calibration results
will be presented first, followed by a selection of simulation results for the coming 100 years.

Calibration
The main findings of the calibration procedure of the Mexico application are (see Figure 7.6):

• The fertility transition started at around 1975 and the speed at which it took place was high.
The contraceptive prevalence rate is the most important component describing the fertility
transition. The diffusion rate of contraceptives is found at a high level of 0.13. The introduc-
tion of sterilization and the substitution of traditional methods at the end of the 1970s caused
a steep increase in effectiveness of use and resulted in a sharp decline in TFR. On the basis of
the corresponding decline in the simulated number of births can be concluded that, when
compared to historical time series, the use effectiveness is overestimated.

• The drop in the number of births follows the decrease in mortality almost immediately, mark-
ing the start of the epidemiological transition. This is mainly due to mortality in the youngest
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age groups (0, 1-4 years). The high literacy and income, in combination with relatively poor
environmental conditions, had as consequence that around 75% of all deaths could be attrib-
uted to the low SES+ category in 1950. Along the pathway of the epidemiological transition,
the simulation model describes a shift towards high SES-related causes of death responsible
nowadays for 75% of all deaths.

Mexico simulation outcomes
For the Mexico case study, further simulations are performed, with 2100 as the time horizon.
Since Mexico faces an almost complete demographic transition, with a TFR just above replace-
ment level and an LE over 70 years, it is useful to explore how past fertility, and mortality charac-
teristics and future developments, will influence the population in the next 100 years. Before the
results are presented, the assumptions on the main input variables will be given below:

• Income per capita to grow by 2.5% per year, reaching $50,000 per capita in 2100.
• Female literacy to reach 99 % in 2025.
• Full coverage of safe drinking-water access to be realized in 2025.
• Food intake per capita to slightly increase to a level of 3200 Kcal per capita per day.
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Figure 7.6 Mexico calibration results. 

(Source UN data UN, 1998b).



• Male smokers stabilize at 50%; female smokers reach 45% in 2050 and then stabilize at this
level.

• Maximum level of CPR is set at 75%.
• Yearly, net migration to slightly decrease from -315,000 persons in 2000 to a level of -225,000

persons in 2050 and then decrease to zero in 2100.

Figure 7.7 shows detailed fertility and mortality simulation outcomes over the period 1950-2100.
The ASFRs continue to decrease in the next two decades for the scenario as described above.
Especially the fertility rates for women aged 20-25 and 25-30 year are expected to show a further
decline. The corresponding TFR passes replacement level within the next ten years and will
decline further to a level of around 1.7 children per woman. The resulting number of births shows
a continuing decrease after a peak in the 1990s. The continuing shift towards high SES-related
mortality risks causes changes in mortality patterns. The mortality in the youngest age group is
heavily reduced; life expectancy at birth is expected to increase to a level of above 80 years. In
addition, the life expectancy at higher ages shows similar improvements. This is well reflected by
an enormous increase in the number of deaths of age 80-100 years.
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Figure 7.7 Mexico fertility and mortality simulation results.



Figure 7.8 shows the consequences of this scenario for the population size and structure. In the
scenario the population will continue to grow to around 140 million people in 2040 and after-
wards shows a sharp decline, mainly due to the persisting low fertility levels. The dependency ratio
illustrates the consequences in age structure of the Mexican population well. In the first 30 years,
high fertility rates result in a relatively young age structure and cause a high dependency ratio. In
the next period, fertility declines and the people born in the first 30 years get older and gradually
start to form the economically active in the population. Consequently, the dependence ratio
decreases. Logically, after some time these persons pass the age of 65, causing the dependency ratio
to increase again. This effect is reinforced by the reduction in mortality levels. The last variables
included in Figure 7.8 are the population flows, which reflect the three basic underlying elements
of population changes, and composite of the human development index.

7.3.4 The Netherlands

Although the Dutch population comprises less than 16 million people, with 470 persons per
square kilometre, the Netherlands is one of the most densely populated countries worldwide. The
Netherlands is a typical example of a developed country that has completed the demographic tran-
sition and finds itself in the post-transition stage of the demographic transition. 
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Figure 7.8 Mexico population simulation results. 

(Source UN data UN, 1998b).



Demographic transition
The Dutch demographic profile is highly influenced by World War II and has, in consequence, a
peculiar population structure. Just after World War II, the number of births peaked. This was
mainly due to couples who had postponed having a child. This concentration of births resulted in
the so-called ‘baby boom’ that caused irregularities among the age distribution in the population
and will have its effects on future generations. Especially in combination with only gradually
decreasing mortality rates over the period 1950-1995, an 8% increase of life expectancy was
achieved up to a level of 77.9 years. The total fertility rate was already at a low level of just above 3
children per woman in the 1950s. Within two decades the fertility level dropped to far below the
replacement level and seems have stabilized at 1.5 children per woman, although a slight increase
has been observed in the last five years. Despite these low fertility levels the population is expected
to grow further in the three coming decades. This growth can be attributed to the population
momentum and immigration. Migration has played an important role in Dutch history. Other
than in the previous case studies, migration policy has always been included in population policies.
Immigration was considered to have a positive influence on economic growth and net migration
rates of 5.7 per 1000 people were observed in the 1970s. Around 1.6% (1971) and 5.1% (1991)
of the population were of foreign nationality, mostly Turkish, Moroccan and Surinamese (CBS,
1998). The independence of Surinam resulted in an increase of the net number of migrants.
Although these percentages are low, their effect on the average fertility levels may be more substan-
tial because of the relatively high fertility of immigrants. In the period 1976-1991, 5-8% of the
total number of births in the Netherlands were of foreign nationality (Penninx et al., 1993).

Proximate determinants of fertility
The determinant causing quite a stir is the average age of females at the first marriage, which is
unprecedented at a high of 30.0 years in 1996 (CBS, 1998). The pattern of age at marriage for
females has shown some remarkable fluctuations. These fluctuations are difficult to interpret due
to post-war influences. In the 1950s the average age at first marriage was high, 27 years; it
decreased to 23.6 in 1971, a pattern which seems to be irreconcilable with the assumption made
in Chapter 5 that the average age increases with the level of development. The percentage of chil-
dren born outside marriage was rather stable at 1-2% until 1975. The last two decades this per-
centage grew exponentially to 18.6 in 1997. 

The moment of onset of the CPR diffusion process had already passed in the 1950s, although tra-
ditional methods prevailed. The pill has become a very popular method since its introduction in
the sixties. Its introduction was followed directly by a great decrease in number of births. There
was a slight decrease in use of the pill from 34.4% to 27% in the period 1978-1980 due to the rev-
elation of increased health risks attached to pill use. Despite this so-called ‘pill-panic’ event the pill
has become the most important contraceptive method. The percentage of pill users among women
of age 16-50 is around 45%. Its popularity is also stimulated by its inclusion in public health
insurance, which lowers financial barriers. The other contraceptive methods account for the
remaining 30%. Sterilization rapidly increased in the seventies and stabilized at a level of 10-13%.
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Condom use and IUD are also characterized by the absence of large fluctuations and currently
account for 8-10% and 3%, respectively.

Since the beginning of this century, when abortion was considered to be a worrisome medical and
social phenomenon, the attitude towards abortion was revised and has become quite liberal.
Especially the introduction and widespread use of contraceptives in the sixties changed the atti-
tude towards abortion. After this period specialised abortion clinics were opened and abortion was
no longer considered taboo as in the preceding period, characterized by the absence of a social
debate and registration. This was followed by the enactment of an abortion law, which enables
women under certain conditions to undergo an abortion. Although the Dutch situation is one of
the most liberal, it does not result in high abortion rates. The registration of abortion started in
1974 shows a small decrease in the first decade. According to De Bruijn (1979), the estimated
number of pregnancy terminations varies from 5000 to 70,000 cases per year. The effect of the
pill-panic caused an increase of 34% in abortions in the period 1978-1981.

The period of postpartum infecundability is assumed to be near the minimum of three months,
and is of minor influence on fertility levels.

Mortality risks
In the first half of the 19th century infectious diseases like measles and typhoid fever were still of
influence on the overall mortality levels, with some peaks enforced by the two world wars. By
1950, the start of the simulation of PHOENIX, most of the Low SES-related mortality determi-
nants, as distinguished in the Mortality Subsystem, were already eliminated or had hardly any
influence on the mortality levels. The economic growth since the 1950s provided the economic
resources which brought a welfare level associated with high levels of food intake, complete access
to safe drinking water and an extensive medical infrastructure. In addition, the social security sys-
tem was set up to obtain more equity among the differences in incomes. Besides literacy was raised
to a level of 99%. Contrary to what might be expected, the relationship between socio-economic
level and the all-cause mortality became negative. This can for a large extent be attributed to lung
cancer, diabetes mellitus, ischaemic heart disease, and cerebrovascular disease and traffic accidents
(Kunst et al., 1990). Lifestyle-related risk factors like smoking and high blood pressure might be
involved. Although the percentage of male smokers decreased from 90% in 1958 to 40% in 1994,
this mortality risk is one of the most life-threatening risks. The percentage of Dutch women
smoking peaked at a level of 43% in the 1970s and has more-or-less stabilized at a level of around
30% in the 1990s. As mentioned before, the prevalence of high blood pressure has been constant
over the period 1950-1997. However, with the elimination of mortality risks other than blood
pressure, its share in the causes of death may be increasing.

Results
This last country case study is the most tentative one. At the start of the simulation in 1950, the
Netherlands had already found itself in the last stage of the demographic transition. The calibra-
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tion procedure can therefore establish the generic character of PHOENIX as to its claimed inde-
pendence of time and spatial scale. First, the age-specific fertility model is applied, with the results
presented in the next section. This will be followed by the exploration of the multistate fertility
model as described in Section 4.4.

Calibration
The calibration procedure yielded the following main findings (see Figure 7.9):

• The fertility transition was already in the last phase in 1950. The temporary drop in CPR due
to pill-panic at the end of the 1970s shows that external factors can be of influence in the diffu-
sion process and even reverse the irreversible assumed use of contraceptives. The high extra-
marital fertility shows the crumbling of the traditional marriage.

• In 1950, mortality rates were already at a low level, corresponding with a life expectancy of
71.5 years. An increase of five years is achieved during the period 1950-2000. Changes in
smoking behaviour have had a beneficial effect on mortality levels. However, most of the gain
in life expectancy should probably be attributed to an increase in medical technology and
health expenditures per capita, and thus effectiveness.
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The Netherlands simulation outcomes
As mentioned before, the Bongaarts and Potter’s approach falls partly short of fully capturing fer-
tility behaviour for countries at the end of the demographic transition. Although the age-specific
approach resulted in a good fit of the historical fertility and mortality patterns, and could be used
for further simulation, this case study is used to explore the application of the multistate fertility
model. In the multistate fertility model, states, like pregnancy by month, and events, like women
giving birth, are explicitly distinguished. One of the aspects of interest in the multistate approach
is the distinction of women between 15-50 according to parity class. For women in all five-year
age groups, the number of children they have given birth to are accounted for in the simulation
model. For the calibration of the multistate fertility model, the historical parity-specific ASFRs
were reproduced, making use of the pregnancy-wanted factor. The latter represents the monthly
fraction of women who generate a pregnancy wish and is included in the model by an input vari-
able distinguished by sex and age.

The postponement of childbirth played an important role and is well illustrated by the average age
of the mother at birth. The historical trend of the average age at the first birth is similar to the
average age at marriage. In 1950 the average age at first birth was 26.4 years. After a decrease to
24.3 years in 1971, the average age increased to a level of 29.0 years in 1997 (CBS, 1998). With a
further increase in the level of education, preferably to higher education, childbirth in the simula-
tion is expected to be postponed even further (Beets, 1999). This is included in the simulation
experiment through assumptions on the pregnancy-wanted factor towards older women. The total
fertility rate is assumed to stabilize at current levels of 1.5-1.75 children per woman. The simula-
tion yielded the following results:

• The change in generating pregnancy-wanted results in a similar shift in parity distribution
towards the older woman. The most important changes in parity status are observed in the age
groups 25-29 and 30-34. The parity status of women aged 45-50 also shows some major
changes; the proportion of women in parity class 3+ shows a decrease from 37% in 1950 and
8% in 2000 to 5% in 2030. In the latter age group, the proportion of childless women slightly
increases from 20% in the 1980s to just below 30% in 2015 and stabilizes afterwards.

• An increase in average age of the mother by order of birth is observed for all parity classes.
Especially the average age at the first birth shows an increase to about 31 years in 2030. As
shown in Figure 7.10, the average age at higher order births shows a smaller increase. The same
average age levels at second and third birth are explained as such: women who generate a child
wish at younger ages will have more than two children and have their third child at a relatively
young age. Most of the women who postpone childbirth are assumed to limit themselves to
two children, where the second birth occurs at a relatively older age. As a consequence, birth
intervals derived from Figure 7.10 have to be regarded with some reserve. Only the difference
between the average age at first and second birth reflects the actual birth interval since most
women who have had one child will also have a second. This birth interval shows a decrease
from 2.8 years in 1965 to 1.4 years in 2030. 
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• With the postponement of childbirth, women can be faced with a lower MFR. Consequently,
the waiting time to conception increases. Especially women above 30 are confronted with a
longer period to conceive. The average waiting time to conception increases from 7.8 months
in the late 1970s to 8.9 months in 2000. With a further postponement this period will increase
to 10.9 months in 2040, a 22% extension compared to the current situation.
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7.4 CASE STUDY OF 17 WORLD REGIONS

The next step, supported by the experiences with and the outcomes of the country case studies
described in the previous sections, will be to implement the 17-region world version of
PHOENIX and to describe briefly the selected results. Extending the simulation model to a
regionalized, worldwide model has two aims. The first is to provide population projections consis-
tent with socio-economic and environmental assumptions and scenarios. There are several global
models such as IMAGE (Alcamo, 1994) and WorldScan (Geurts et al., 1995) that include popula-
tion exogenously, without an explicit analysis of whether model outcomes are consistent with
these assumptions on population. The second aim is the provision of a model which can con-
tribute to the discussion of global population projections by addressing, not only population size,
but also other characteristics. The transparent structure in combination with well-documented
assumptions and relationships can be used to gain insights that can support the population debate.

7.4.1 World regions

The application of PHOENIX to developing and developed regions provides an instrument with
which outcomes in dynamics and patterns can be easily compared. The choice for the geographi-
cal aggregation level is based on several aspects like data availability, global relevance and the
homogeneity of the countries within a region. It is hard to specify the criteria for these aspects; the
relevance and homogeneity of regions and countries can be looked at demographically, economi-
cally and environmentally. Apart from this, the selection is only based on historical data and takes
no notice of possible changes in the future. The criterion ‘data availability’ involves the previously
mentioned lack of reliable data but also stems from the ambiguity of classifications used for regis-
tration. The classifications vary, even among various United Nations bodies. Finally, the classifica-
tion should serve the purpose of providing population projections for other models and should
therefore be as compatible as possible with the classification used in these models. Based on these
aspects, the following division is used (see Figure 7.11). The data required for implementation of
the 17-world region version are obtained from the data sources as presented in Table 7.1.

7.4.2 Results of 17 world regions 

The results for this last case study are presented directly for both the historical calibration and the
future projections. For this reason, the underlying assumptions to the most important input vari-
ables are given first:

• Continuing economic growth. The yearly per capita growth rate is for developed regions 1%,
for Latin America and Africa regions, 1.4% and 1.6% respectively, and for CAM, EAS and
SEAS 1.8-2.1%.

• Continuing increase in literacy levels. All regions have literacy levels above 70% in 2025, 80%
in 2050 and full coverage after that.
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• Contraceptive prevalence rates will increase to upper levels, varying from 70% to 80%.
• For all regions, food intake levels will converge to between 3000-3500 Kcal per person per day

and finally result in elimination of malnutrition.
• Full coverage pertaining to access to safe drinking water will be achieved in the in the next 2-3

decades.
• Net migration converges to zero in 2050 for all regions.

Figure 7.12 shows the resulting simulation results. All total fertility rates will be at or below
replacement level before 2050 and continue to decrease afterwards. Life expectancy shows similar
improvements. Even the African regions, which currently have relatively low life expectancy levels
can expect a 20-year increase in the first half of the next century. With these simulation fertility
and mortality results, the global population is expected to increase to a peak level of 8.8 billion in
2055. Especially the population contribution of the Indian region and the four African regions to
the world’s population contributes to this growth. Due to continuing low levels of the total fertili-
ty rate below replacement level, the population will decrease after 2055 to 7.6 billion in 2100.

The expected population size of 8.8 billion in 2055 implies a 50% increase compared to the cur-
rent size. The changes in both mortality and fertility patterns do not only affect the population
size; they are also accompanied by structural demographic changes. The extent of the structural
changes depends on the phasing in the demographic transition. In some regions the demographic
transition took place in 80-100 years and the consequences in terms of ageing become visible.
Other regions are now in the transitional phase and are expected to complete the demographic
transition in the coming decades. These regions can be faced with great societal changes. Figure
7.14 shows several indicators, like population growth, dependency ratio and population momen-
tum, which reflect both the extent and the phasing of the structural changes.

The last simulation results presented concentrate on the indicators, which are meant to measure
development and deprivation. The human development index and human poverty index are used
to explore these more qualitative-oriented facets of the scenario. Figure 7.13 shows the simulation
results of the HDI and HPI. In addition, these indexes are used to derive the number of people
suffering from a human development deficit i.e. the population weighted by the HDI value, and
the population living in poverty according to the HPI. One of the advantages of the interlinkage
of indicators with the simulation model is that it provides insights into the sensitivity of an indica-
tor. One of the conclusions obtained from analyses, as presented in Chapter 6, was that the addi-
tional value of the HPI compared to the HDI is limited for 1995 data. However, this simulation
shows that the selection of composites leads to different outcomes. Due to improvements in access
to resources, the HPI declines more rapidly than the HDI. The inclusion of income can partly
explain these differences. Besides, the HDI includes life expectancy instead of survival up to 40
years. Since lifestyle related risks tend to take their toll mostly in persons above 40 years and will
increase in importance; the HDI is capable of capturing this while the HPI fails.
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Figure 7.13 Human development index (HDI), human poverty index (HPI) and population by development deficit

and population in poverty, 1950-2100.

Figure 7.12 Total fertility rate, life expectancy, and population size and distribution for 17 world regions, 1950-2100.

Life Expectancy

30

40

50

60

70

80

1950 2000 2050 2100
year

Total Fertility Rate

0

2

4

6

8

1950 2000 2050 2100
year

World Population

0

2

4

6

8

10

1950 2000 2050 2100year

Distribution of the World Population

0.0

0.2

0.4

0.6

0.8

1.0

1950 2000 2050 2100year

CAN
USA
CAC
SAM
NAFR
WAFR
EAFR
SAFR
WEUR
EEUR
FSU
WAS
CAS
EAS
SEAS
OCEA
JAP

ye
ar

s
in

 b
ill

io
n 

pe
rs

on
s

ch
ild

re
n 

pe
r 

w
om

an



7.5 PHOENIX EXPERIMENTS

The five case studies establish the generic character of PHOENIX, although country-specific con-
ditions have to be accounted for. In this section, several experiments with the generic simulation
model are performed and presented. Since the focus is on uncertainties attached to population pro-
jections, uncertainty analyses performed to analyse the contribution of fertility and mortality
aspects to the total population are presented in Section 7.5.1. Section 7.5.2 follows on with a
description of the demographic consequences of the continuing processes of ageing and degreening
in Western Europe. Finally, considering that migration has played and still plays an important role
in population growth in Western European, its role has been analysed and will be presented here.

7.5.1 Uncertainty analyses 

The main purpose of the analyses is to address the uncertainties attached to population projec-
tions. To address the last issue listed in Chapter 1, insights should be provided on the underlying
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Figure 7.14 Yearly population growth, population momentum and the dependency ratio, 1950-2100.
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uncertainties incorporated into population projections. The focus is on the contribution of future
fertility and mortality levels to the total population size. An analysis of the historical population
estimates is given below prior to presenting the PHOENIX uncertainty analyses.

Historical world population projections
The accuracy of the other projections is analysed using the estimates for the year 2000 from the
studies presented by Frejka (1996). The estimates made in the 20th century are presented in
Figure 7.15. These absolute estimates are compared to the expected population of 6.06 billion in
2000 (UN, 1998b) by using the ratio of relative deviation (estimate minus the actual population
size in 2000 divided by the population size in 2000) to the number of years between the base year
of estimation and the year 2000. This analysis shows that most of the earlier projections resulted
in underestimation of the population size in the year 2000, while the more recent projections tend
to overestimate the population size. The relative error of the estimates is in favour of the more
recent projections, although some of these are still a long way from the expected value.
Figure 7.15 makes clear that projections are inextricably bound up with all kinds of uncertain esti-
mates of future fertility and mortality levels. The projection of the population size for the year
2010 shows the same pattern. The medium projections of the UN have been adjusted from 7.21
billion (UN, 1990) to 7.032 billion (UN, 1995) and are, according to the most recent estimates,
6.79 billion (UN, 1998b), an adjustment of more than 400 million persons in eight years. In this
example the fact that projections over the next century could result in a wide range of figures for
size of population unless prudence is demanded is underlined. One of the recommendations is
that the United Nations ought to include more than one variant for mortality projections
(Keilman, 1998). In the next section the assumptions for the PHOENIX population projections
for the 21st century will be analysed.
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Figure 7.15 Estimates of the population size in 2000.
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PHOENIX uncertainty analyses
The 17-region version of PHOENIX is too comprehensive to perform uncertainty analyses on all
input variables. Even the restriction to the input variables, which turned out to be most sensitive
concerning model outcomes, is still too elaborate. Instead of simulating age-specific fertility and
mortality based on the comprehensive fertility and mortality submodels, the analyses will be
restricted to assumptions on future levels of total fertility rate and life expectancy. The age-specific
fertility and mortality rates are then obtained from region-specific fertility and mortality functions
as described in Section 4.3.4 and Section 5.2.1, respectively. 

The uncertainty analyses are similar to, but more extensive than, those performed in the China
case study, in which nine combinations of the low, medium and high values for TFR and LE were
used. Instead of this simplified method, the region-specific TFR and LE values are sampled within
upper and lower limits, using a uniform distribution. Likewise, the sensitivity analyses (see Section
7.2.2), UNCSAM (UNCertainty analysis by Monte Carlo SAMpling techniques) (Janssen et al.,
1990) are used for the uncertainty analyses. Starting point for the analyses are the UNWPP medi-
um projections on the TFR and sex-specific LE (UN, 1998b). The following assumptions on
upper and lower limits are applied:

• The TFR ranges from 1.5 to 2.5 children per woman. In the first three decades, the samples are
restricted, assuming a maximum deviation of 50% of the TFR. From 2030-2100, a range of
1.5-2.5 children per woman is used.

• The LE ranges from 70 to 86 years. In the period 2000-2025, the sampling of LE is restricted
to a maximum deviation of three years in the UN projections. For 2030-2100, the range of 70-
86 years is used.

Figure 7.16 shows the simulation results of the uncertainty analyses. The minimum and maxi-
mum projections specify the range within all projections fall. The high and low projections indi-
cate the range of projections, with a probability of 97.5% and 2.5%, respectively. The correspon-
ding population sizes, 15.5 and 6.89 billion in 2100, are comparable with the findings of Lutz
(1997). Since the UN assumes the fertility to stabilize at a higher level than the PHOENIX out-
comes, the conclusion that doubling of the world population is unlikely to double is corroborated.
An explanation of the relatively high projections is that for the uncertainty analyses no correlation
is assumed between fertility and mortality levels. As a consequence, the combination of high fertil-
ity with low mortality results in these high projections. Although these projections provide infor-
mation on the range of projections, the plausibility of the projections may be questioned. The
interlinkage of these assumptions with a modelling framework like PHOENIX functions as a
more useful platform for discussing the plausibility of population projections than the UN sce-
nario approach.
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7.5.2 Impact of migration on Western Europe

Western Europe is one of regions in which the fertility and epidemiological transitions have been
completed. The TFR has been below replacement level for 25 years and is currently at a compara-
tively low level of 1.5 children per woman. The LE is around 78 years and increases only slowly,
the last decade with a yearly growth of around two months. The population would start to
decrease −the net reproduction rate is currently about zero− if migration were to be excluded. This
section will put impacts of ageing and degreening into an economic context and the role of migra-
tion will be analysed.

Scenario I: continuing growth and a complete demographic transition
In Western Europe, the processes of ageing and degreening have reached an advanced stage. About
18% of the population is younger than 15 years and 16% is over 65 in 2000; these proportions are
expected to change in the direction of the people over 65. The consequences of a changed age
structure are becoming visible and of growing concern. For example, health services expenditures
have shown an enormous increase, partly due to changes in age structure. The analyses of the con-
sequences in future, especially in the economic context, will be focused on the two facets: changes
in the proportion of the economically active, and the shift towards an increased proportion of
older persons in relation to health services.

The reference scenario defined for the analyses is characterized by the following assumptions and
simulation results:

• Continuing economic growth of 1.0% per year of the GDP per capita, resulting in an average
income of 1995 $44,350 per capita.
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Figure 7.16 Results of the uncertainty analyses for the population size, 2000-2100.



• Further control and elimination of mortality risks and improvements in effectiveness of med-
ical technology, resulting in a gain in life expectancy of 2.5 years over the first two decades, 1
year in the period 2020-2040 and 0-1 year in the succeeding decades. The achieved level of life
expectancy is around 81 years for men and 82.5 years for women in 2100.

• The total fertility rate remains at the 2000 level of 1.5 children per woman and there will be no
further postponement of first birth.

• Net migration will be reduced from a level of one million in 2000 to zero by the year 2010.
• The population will grow to just below 400 million in 2007 and decrease afterwards. This

growth can be attributed to the positive net migration flow on the one hand, and on the other,
to the continuing decrease in all mortality levels, which allows people to live longer. After
2010, the population decreases rapidly at about 1% per year. In 2055, the Western European
population equals the 1950 level and decreases further to just below the 200 million persons in
2100 as a consequence of continuing low fertility levels.

• In 2020, the percentage of the population below 15 years is 14% and over 65 is 19%. After
2050, these proportions stabilize at the respective levels of 12% and 31%. The complementary
proportion, i.e. the economically active people in the population, shows a sharp decrease, from
67% to 57%, while the population aged 80+ increases from 4.9% to 11%.

Figure 7.17 shows a selection of the results described above.

Scenario II: Continuing migration
After some fluctuations, especially in the 1960s, net migration rose to levels as high as about 1
million person per year (Eding et al., 1996). Expressed as a proportion of the population, this flow
is relatively low, i.e. 0.25% in 1999. However, the net migration flow is substantial compared to
the 4 million births in 1999; combined with the 4 million deaths, this flow becomes the only
cause of the population growth. In the scenario as described in the previous section, net migration
is assumed to drop to zero in the coming decade. In this section, the effects are analysed for net
migration remaining at a level of 1 million per year in the 21st century. 

The most visible, fairly obvious, impact is on the size of the total population, which is not only
directly, but also indirectly, affected by immigrants, who will have children and whose children
will also have children themselves. The fertility behaviour and the age characteristics of immigrant
– seeking employment is assumed to form the underlying determinants, with migration more pre-
ferred among younger people (below 50) – affect the age structure of the population. The propor-
tion of economically active persons in the population does not decrease to 68% as in scenario I,
but will stay at a level of 57%. These differences are best illustrated by the dependency ratio.
Figure 7.18 shows the results of scenario II and the differences between the two scenarios.

In concluding scenario II simulations, the focus will be on the impact of continuing migration on
the composition of the population. The inflow of migrants results in a varied society. The native
population, those living in Western Europe in 1950, is compared with the population related to
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the migration inflows. Migrants are assumed to instantly adopt the same fertility and mortality
characteristics, and have therefore the same population dynamics as the native population. The
fertility patterns of adult immigrants do not reflect the actual level precisely since some of them
already have children, which migrate with them. On the other hand, the fertility level in Western
Europe is, in general, lower than the native (initial) countries of the immigrants, which could have
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Figure 7.17 Simulation results of scenario I: continuing growth and a complete demographic transition.
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Figure 7.18 Simulation results of the scenario II: continuing migration compared to scenario I.



an increasing effect on their fertility levels. The results, as presented in Figure 7.19, show the non-
native population to start from zero in 1950 and 30 million persons, representing 8% of the
Western European population. By the mid-21st century, the non-native segment already makes up
20% of the population and, given the rapid decrease of the native population, contributes to more
than 50% in 2100. The simulation results show that the overall age structure of the population
shows is more evenly distributed, which explains the differences in dependency ratios between the
two scenarios.

7.6 CONCLUSION

The implementation and application of PHOENIX represent the final steps of the modelling
framework. This last phase of the modelling framework has yielded valuable insights. The main
conclusion to be drawn from the sensitivity analyses is that:

• The sensitivity analyses clearly indicate the ranked importance of the input variables on select-
ed fertility, mortality and population outputs. Contraception dominates fertility. Especially the
CPR level achieved at the end of the fertility transition turns out to be of great influence.
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Figure 7.19 Effect of scenario II on the distribution of the native (nat) and non-native population (non-nat).
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Regarding the mortality levels, the analyses confirm a shift describing the epidemiological tran-
sition in which traditional environmental risks are substituted by lifestyle-related risks. Medical
technology and curative effectiveness are of importance the whole simulation period.

The sensitivity analyses have provided a basis for building the PHOENIX simulation model. A
generic modelling structure, demonstrated in the case studies, can be easily applied to varying geo-
graphical aggregation levels (small countries, large countries and world regions) but also allows for
application of different modelling approaches (e.g. for fertility modelling the age and non-age-spe-
cific, multistate model and the scenarios on TFR). The following concluding remarks can be made
on the case studies:

• The historical demographic patterns of all the four countries could be described with
PHOENIX. In some cases typical patterns were more difficult to reproduce. For example, the
calibration of the TFR for China gave some difficulties due to the strong influence of policy.
Another example is the decrease in male LE in the Netherlands in the period 1950-60, which
could not be explained by the distinguished risk factors or a decline in medical effectiveness
and had to be calibrated using the residual mortality rates.

• Although the calibration procedure resulted in a good-quality reproduction of the data listed in
Table 7.2 for the four country case studies, little insight has been obtained in the accuracy and
uniqueness of the calibration results. In other words, it remains unknown if other settings for
input variables will result in equal or better calibration outcomes. However, the limited reliabil-
ity of data forms an obstacle to unequivocal evaluation of calibration results. For example in
the China case, the unambiguity of historical data causes difficulties in calibration. On the
other hand, PHOENIX can be used to test and evaluate the validity of the historical variations
by comparing them to current, and assumably better population data.

• The Netherlands case study shows that the multistate fertility approach gives much more
detailed insights into the dynamics of fertility behaviour, especially in case of demographic
phase where postponement of childbirth plays an important role. One of the weaknesses of this
approach is that it relies heavily on assumptions concerning the exogenously determined preg-
nancy-wanted factor, which can hardly be related to earlier described variables of the Pressure
subsystem. On the other hand, the explicit simulation of the reproductive states provides an
instrument allowing for further more detailed analyses, in which aspects like neonatal condi-
tions can be involved. The current simulation shows that further postponement of childbirth
to result in a 2 year increase of average age of the mother at first birth and a 22% increase of the
waiting time to conception.

• The 17-region version of PHOENIX shows that the modelling framework can be applied to
the major world regions. Especially this application shows the differences in phasing between
regions currently in the transitional phase and regions in which a complete demographic tran-
sition is already observed. According to the assumptions in the reference scenario, as described
in Section 7.4, all regions show converging paths for both the TFR and the LE. The differences
in timing and speed, however, show that the demographic transition pathways are accompa-



nied by varying population structures. The dependency ratio is one of the most distinguishing
indicators marking these differences. The simulated population size is around 8.8 billion in
2055 and 7.6 billion in 2100. These outcomes are about 20% lower than the 1998 medium
UNWPP projections.

The additional experiments embroider on findings of the case studies and focus on a selection of
population and development issues. The following conclusions can be drawn:

• The contribution of fertility and mortality to future population size and structure are analysed
with the uncertainty analyses applied to the 17-region version − the version in which the ASFR
and ASMR are not simulated by the fertility and mortality submodels but derived from fertili-
ty tables and mortality life tables based on TFR and LE scenarios. This shows that given the
upper and lower bounds for the TFR and LE, the world population projections range from 7 to
9 billion in 2050 and 6 to 15 billion in 2100, with a probability of 97.5%. Although these
analyses give some information on the probability of future population size, they provide no
insights into the plausibility and consistency of these projections. The value of these analyses is
that they provide a context for more comprehensive projections like PHOENIX.

• The Western Europe application shows that a continuation of the degreening and ageing
process, and a net migration to zero convergence cause great changes in age structure and will,
by the mid-21st century, result in a rapid decline of the population. The magnitude of the eco-
nomic and societal impact can only be estimated tentatively but the simulation results show an
enormous increase in the dependency ratio of people aged 65+. The impact of scenario II −
continuing of current levels of net migration− shows that it can be beneficial regarding the
dependency ratio. The rapid decline of the population is encountered in the second half of the
21st century and is accompanied by a more balanced age structure although the process of age-
ing will not stop but only decelerate. One of the consequences is an increase of the multiformi-
ty of the society; the non-initial population and its offspring make up about 30% of the popu-
lation in 2050 and more than 50% in 2100.
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