
8 Conclusions and recommendationsChapter

All aspects of the PHOENIX modelling framework have been explicitly

described and the whole modelling pathway depicted. The pathway

leads from the qualitative context in Chapter 1 to the theoretical

modelling background in Chapter 2, then on to the model

specifications in Chapters 3, 4 and 5, and the indicator framework in

Chapter 6. Chapter 7 deals with the various model applications,

including the case studies and experiments, and this 8th, and final

chapter describes the insights gained from these model applications.
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8.1 INTRODUCTION

One of the most valuable aspects of the PHOENIX modelling framework is its capacity to focus
on each phase of the modelling framework, with all steps explicitly described and well-founded.
This disciplined modelling procedure has resulted in a simulation model of which the underlying
assumptions and relationships are clarified, positioned and, if possible, based on existing research.
The choices made are subject to discussion, but since all choices should be submitted for critical
review, the explicit description of all choices can serve as a discussion platform. Following this pro-
cedure, the computer simulation model is developed. The integrated character of the simulation
model enables to explore and to analyze both fertility and mortality aspects, but also their mutual
relationships with socio-economic and environmental conditions. The modelling framework
described in this study reflects the state of the art on integrated population modelling, allowing
easy implementation, testing and evaluation of deviating or new scientific findings. The conclu-
sions and evaluation of the modelling approach will be outlined in Section 8.2 and the recom-
mendations for future research in the third and last section. 

8.2 CONCLUSIONS AND EVALUATION

The final conclusions of the modelling framework are related to the five research issues listed at the
end of Chapter 1, used, first, to guide the development of the simulation model and now for evalu-
ation. The conclusions are presented in clusters so as to address these five issues as stated below.

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

The demographic transition is too diverse to limit the considerations to exogenous scenarios on
fertility and mortality levels only. The interdependence of fertility and mortality processes, but
also their interlinkages with socio-economic and environmental aspects, require a more advanced
approach – one providing insights into the underlying dynamics.

The first stage of the demographic transition is characterized by high mortality and fertility, the
one approximately cancelling out the other. Infectious disease related to poor conditions of sanita-
tion, food provision and health services are shown the main cause of mortality, taking their toll
among children. The transitional stage of the demographic transition then set in, showing
improvements in socio-economic conditions, like better hygiene and the provision of immuniza-
tion programmes. There are also improvements: reduced traditional environmental-related mor-
tality risks, and better food availability and access to safe drinking water. This is followed by the
onset of the fertility transition, induced by changes in socio-economic conditions (education and
income). The post-transitional phase is then entered with improvements in environmental condi-
tions accompanied by an increase in literacy levels and income. In this stage infectious diseases are



eliminated, but substituted by lifestyle-related mortality associated with older age. Fertility stabi-
lizes at a level of around 1.5-1.9 children per woman and is mainly determined by the upper level
of CPR and age at marriage, which are related to socio-economic developments. Most of the
developed countries pass through the transitional stage in 80-100 years while developing regions
pass through this stage in only a few decades. Since this is a relatively short period a lasting popu-
lation growth is prevented, but the transition can be accompanied by great societal changes. 

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

The influence of the four proximate determinants on fertility levels depends on the phase of tran-
sition. In the pre-transitional phase, age at marriage and the length of the breastfeeding period are
most important. In the transitional phase of fertility, the use of contraceptives plays the most
important role. Both the onset and the pace of the transition are dominated by the availability and
distribution of contraceptives. The assumptions on the rate of diffusion of contraceptive use had
to be adjusted to reproduce historical time series. First, the diffusion rate is not equal for all coun-
tries and, secondly, the diffusion rates are found to be much higher than the initially assumed
value of 7%. In some countries the irregular historical path of the CPR, with periods of very high
growth but also periods of stabilization or even small declines, might indicate a need to adapt the
classical diffusion process. In the last phase of the transition, the maximum level of CPR in com-
bination with marriage patterns determines the TFR. The simulations show that TFR converges
to around 1.5-1.9 children per woman, the slight variation being due to different marriage pat-
terns, the upper limit of CPR and the mix of contraceptive methods.

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

The epidemiological transition is clearly reflected in the mortality submodel. In the pre-transition-
al stage, poverty and environmental-related causes of death determine more than the mortality lev-
els. Elimination of environmental-related mortality risks strongly interwoven with improvements
in socio-economic conditions, like literacy level and income, result in a shift towards high SES-
related causes of death. Lifestyle-related mortality risks like smoking and blood pressure become
the leading causes of death and finally determine at which level life expectancy will end in the
post-transitional phase. The effectiveness of health services, which are determined by the level of
per capita health services expenditures and medical technology, contribute to a reduction in mor-
tality rates throughout the whole epidemiological transition. With the assumed diminishing
returns of health services, a further increase in health services effectiveness will be more costly,
strengthened by the process of ageing. Given the prevalence of smoking and blood pressure in
combination with their relative risks for increased mortality, it will be hard to reach an average life
expectancy around or above 85 unless improvements in medical technology expand enormously
and reduce base mortality rates.
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• ‘What kind of uncertainties are involved with the population projections, with regard to fertility
and mortality processes and to the underlying socio-economic and environmental conditions?’

The flexible and transparent modelling approach of PHOENIX enables us to analyze model out-
comes and uncertainties at different levels. Given the TFR converging to 1.5-1.9 children per
woman and achieving an LE of around 75-80 years for all regions, the 17-region application
shows an expected growth in world population of up to 8.8 billion in 2055 and a decline after-
wards, reaching 7.6 billion in 2100. A further prolongation of life expectancy to levels above 86
could affect the population size. Since most mortality reductions can be expected at ages above 50,
this prolongation will only postpone the population decrease.

The uncertainty analyses in Section 7.5.1 provide structural insights into possible variations on
these fertility and mortality levels. The size of the future world population is in short-term projec-
tions more-or-less equally determined by levels of mortality and fertility. The fertility levels are
more dominant in long-term projections. Especially the relatively low levels of fertility determine
when and to what extent the population is expected to decrease. Assuming these fertility and mor-
tality patterns, the world population will increase to 10.3 billion in 2100, the mean of the uncer-
tainty analyses. Given the lower TFR simulation outcomes of the 17-region version, a doubling of
the world population will therefore be unlikely.

Although uncertainty analyses are not only useful for analyzing uncertainties in the future, they
can be useful in evaluating existing historical time-series for accuracy and plausibility. Historical
data result from mapping the Real World System and are subject to uncertainties and ambiguity.
For example, in the case study of China, different estimates of number of births in the 1950s, level
and effectiveness of CPR and currently registered TFR levels in China were tested for consistency
with estimates of the actual population size.

• ‘How can policy actions influence future fertility and mortality processes to arrive at a more
desirable situation?’

The interlinkage of the indicator framework with the simulation model and the visualization of
simulation results are useful for monitoring current situations and assessing future developments.
However, the current simulation model is less suitable for evaluating ‘desirable situations’ since
such a normative interpretation is lacking. On the other hand, several developments can be point-
ed out as being desirable. For example, prolongation of life by reducing overall mortality rates,
striving for full access to health and reproductive services or reducing the unmet need for contra-
ception can serve as targets. Several policy actions, such as health services expenditures and the
population spearheads of mass communication and family planning can be made use of to achieve
these purposes. In addition, policy measures aiming at full access to education are very effective.
Literacy levels positively affect fertility behaviour; higher literacy rates stimulate individual aware-
ness, whereby the unmet need for contraception is eliminated and, thus, mortality risks associated
with a low socio-economic status reduced.



We should be aware that these developments could involve or determine long-term less desirable
side-effects. Most of the population policies have concentrated on the reduction of population
growth, since overpopulation has formed a threat. In most regions, the population growth is
expected to come to a standstill in the coming decades. Consequently, another possible concern
may arise, namely, under-population. The process of ageing, induced by the reduction of mortality
levels, and continuing degreening, induced by under-replacement of fertility levels, causes an
unbalanced age structure. Continuation of ageing and degreening can have drastic socio-econom-
ic consequences in terms of health services and the proportion of the population economically
active, reflected by the dependence ratio. Left aside here has been what the effect of reduction in
mortality levels will be on the expansion or compression of morbidity levels, as illustrated by the
Western Europe experiment in which the under-populated young generation could form a new
threat for continuation of economic growth. Experiences with the inertia of population dynamics
reflected by the population momentum force an early awareness of possible new threats. The
transparent structure of the simulation model can be helpful in comprehending the complexity
and dynamics of these processes and might serve as an early warning system. 

8.3 RECOMMENDATIONS AND FUTURE RESEARCH

8.3.1 Mortality/morbidity

In the mortality subsystem, the disease process is not explicitly considered but modelled using the
black box approach. However, morbidity aspects are used more and more as an additional measure
of quality of life. Especially in the last phase of the epidemiological transition, prolongation of life
does not necessarily imply compression of morbidity. Although morbidity aspects do not have
direct demographic consequences, they provide additional information on the quality of life.
Besides, morbidity levels can be related to socio-economic facets, like demand for health services
and supply of labour, which in turn could affect demographic dynamics. Distinguishing the dis-
ease process could also improve the modelling of the so-called other mortality. This category of
other causes of death, which includes residual and HIV/AIDS mortality, could then be taken into
account endogenously instead of exogenously.

8.3.2 Fertility

In the fertility transition, the use of contraception has played an important role. Although the
classical diffusion process simulates CPR, it is subject to adaptations. The diffusion process of con-
traceptive use seems to be more dynamic and diverse, as could be observed in the rate of diffusion.
In addition, the upper limit of CPR reached at the end of the transition determines the ultimate
level of TFR. In a situation of full awareness and access, the upper limit of CPR can probably be
directly related to the level of wanted TFR. One of the shortcomings is the assumption of homo-
geneous fertility patterns. Similar to various exposure categories in the mortality modelling, fertil-
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ity rates could be distinguished for different subpopulations. This extension would improve the
description of fertility dynamics.

8.3.3 Urbanization

Even though urbanization as a process that is hard to comprehend, the consequences of urbaniza-
tion are recognized. The differences in fertility behaviour and mortality patterns among rural and
urban populations could be related to differences in socio-economic and environmental condi-
tions, like income or access to safe drinking water. In addition, the rural and urban characteristics
can become manifest in specific fertility and mortality dynamics, like the CPR diffusion process or
access to and effectiveness of health services. Distinguishing the urbanization process can therefore
mean an improvement in the current modelling framework on the condition that this extension is
supported by adequate data.

8.3.4 Additional applications and collaboration

The generic and transparent structure of the simulation model allows for applications on different
aggregation levels. Instead of the regional level, PHOENIX could be applied on a national level
within a region to analyze intra-national differences and similarities. Such an application should
be accompanied by intensive collaboration with the countries involved to improve the projections,
as in the Indian case study. The simulation model will be made available for use in striving for
effective collaboration, emphasizing facets of visualization, and interactive and easy use.

8.3.5 Framework for future research

For PHOENIX, global change is viewed from a demographic perspective; socio-economic and
environmental conditions are taken as starting point and their effect on the population analyzed. A
following step will consist of further integration with other modelling approaches, similar to the
integration in the TARGETS1.0 model with economic, land and food, water and energy-use mod-
els. The PHOENIX modelling framework can serve as a framework for integration. Its flexible
character allows a change or extension of the current simulation model according to new or differ-
ent scientific perceptions, or a linkage of current simulations with other modelling approaches.
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