
2 The modelling frameworkChapter

In Chapter 1, a qualitative description was given of the population

and development issues in the context of the demographic transition.

The next step is the development of a methodology to allow these

issues to be addressed and analyzed in a quantitative and integrated

way. Before this methodology is presented, a brief overview will be

given of the last 50 years of integrated modelling frameworks. Facets

of the methodology, including the systems theoretical foundation and

assumptions will then be elaborated. Systems dynamics and 

integrated assessment form the foundation on which the modelling in

this study is based. The resulting mathematical model PHOENIX provi-

des a tool to describe real world processes in a simplified way; it can

also be used to perform simulation analysis for insight into future

developments.
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2.1 INTRODUCTION

The qualitative description in Chapter 1 demarcates the context in which the demographic transi-
tion takes places. The objective of this study is the translation of this more qualitatively oriented
information, representing the real world’s complexity, into a formal, more quantitative and struc-
tured description. Such a methodology can be used to gain insights into the underlying mecha-
nisms of the demographic transition and the questions listed in Chapter 1 can be addressed.
Before the modelling framework is presented, the history, which has attempted to address global
issues of integrated modelling approaches (see Section 2.1.1), will be briefly overviewed. Partly
based on the experience of these integrated approaches, a pathway of a modelling approach will be
depicted (see Section 2.1.2). This pathway consists of a description of the methodological con-
cepts and theories, like systems theory and integrated assessment in Section 2.2, analytical concepts in
Section 2.3 and the modelling approach in Section 2.4. The simulation model, representing the
final outcome of the modelling approach is called PHOENIX, an integrated population and
health model applied on a regional scale.

2.1.1 History of integrated modelling frameworks

Since the 1950s, the systems approach has been used to describe complex dynamic systems in sev-
eral multi- and interdisciplinary research areas like computer science, operations research and
management (Kramer and Smit, 1991). In the systems approach, objects or entities are considered
of which the properties are mainly determined by interaction with other entities. Instead of the
more traditional approach of examining issues separately or on a single disciplinary basis, the
coherence and interlinkages of these issues became more important. A more detailed description
of the systems approach will be given in the next section. The breakthrough of the systems
approach occurred in the 1970s with the publication of the first report to the Club of Rome called
‘Limits to growth’ (Meadows et al., 1972). The computer simulation model World3, which was an
example of a systems dynamic approach, was used in this report. World3 and its precursor World2
(Forrester, 1971) are considered to be representatives of the first generation of a modelling
approach of the interactions between the human or societal system and the environmental system
(Opschoor, 1999). By interlinking human and environmental systems, conditions for sustainable
growth could be determined given limited natural resources. This modelling approach, and espe-
cially some of the resulting doomsday scenarios, received lots of criticism but also adherence.
Among the adherents were Interfutures (OECD, 1979), Global 2000 (Barney, 1980) and Our
Common Future (WCED, 1987). These studies formed the second generation of modelling
approaches, which went in the same direction as Limits to Growth but were more qualitative in
nature (Opschoor, 1999). In the nineties the more quantitatively oriented integrated assessment
(IA) models were implemented, marking the third generation. One of the objectives of IA model-
ling is to support public decision-making by developing a coherent framework for assessing trade-
offs between social, economic, institutional and ecological determinants and impacts (Rotmans et
al., 1997b). In the first instance, most IA models concentrated only on the environmental system



(IMAGE (Rotmans, 1990, Alcamo, 1994), RAINS (Hordijk, 1991)) or the economic system
(GREEN (Lee et al., 1994), WorldScan (Geurts et al., 1995)), including the societal system only
exogenously. Recently, this balance was restored by including such population and health aspects
as an interacting subsystem in global models like TARGETS (Rotmans and de Vries, 1997) and
models on a national scale like Treshold21 (Millennium, 1996), RAPID IV (Futures Group,
1999) and the IIASA PDE models (Lutz, 1994). The model development will not stop here but
continue to produce and yield more refined and improved modelling approaches. Especially the
use of models for decision support and policy-making can be improved, not only by emphasizing
images of the future as model outcomes, but also by addressing uncertainties associated with any
model.

2.1.2 The pathway of a modelling framework

The complexity of demographic processes demands a systematic and structuring framework. In
the approaches as described above, several methodologies have been applied to address global inte-
grated issues, varying from the more qualitative approach like the OECD’s Interfutures to the
quantitatively oriented Treshold21. To address the population and development issues mentioned
in the previous chapter, the pathway to arrive at a formal model has to be made explicit. This
pathway or modelling procedure is referred to as the modelling framework. This modelling frame-
work is an interpretation of (a part of ) reality or the Real World System. The characterization of the
Real World System by a modelling framework involves several phases. A further formalization of
the observed reality is obtained with each phase. Figure 2.1 shows the relation of the modelling
framework with the Real World System.

These four phases of the modelling framework are similar to the phases distinguished in the deci-
sion-making process (Simon, 1977) and are described as follows:
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Figure 2.1 The four phases of the modelling framework in relation to the Real World System.
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1. The intelligence phase, in which the problem is identified and defined. In this phase a qualita-
tively oriented description is given of the context and the issues to consider, without systematic
structuring and specification of the relationships. This description is restricted to qualitative
concepts like the demographic transition and can include quantitative outcomes of other stud-
ies to illustrate and provide the basis for the qualitative description. Chapter 1 is representative
of this qualitative description while the Interfutures study is another example in which the
emphasis is on this qualitative component.

2. The design phase in which the formal model is constructed. It represents the system in which
the problem is observed. This phase can be further subdivided into three components: 
• Methodological concepts consisting of a collection or toolbox of methodological concepts and

theories to be used. Systems theory is an example of a collection of tools which can be used
to conceptualize a problem. Integrated assessment (IA) is another example of a methodolog-
ical concept which does not constitute a model itself but represents a modelling approach. 

• Analytical concepts include a further formalization of the conceptual model by specification
modelling aspects like a stochastic versus a deterministic approach. 

• The modelling approach forms the last component. Here, the previous components are put
together in a mathematical model. This phase includes the explicit description of IA and the
systems approach. A choice also has to be made on which (components of ) the analytical
concepts to use. 

These three composites finally result in the construction of a formal model. World3 and
Threshold21 are examples in which this phase are well described. The design phase is the most
extensive phase and covers most of the remaining chapters.

3. The choice phase, which includes the search, evaluation and recommendation of a set of model-
based solutions to the problem. Model outcomes can be compared and evaluated using defini-
tion of criteria. Based on analytical or heuristic search techniques, an appropriate model solu-
tion can be obtained and recommended for implementation. For example, policy options can
be recommended which result in maximizing or achieving predefined goals in the model, like a
stable population size. The definition of these goals and criteria is rather complicated and sub-
jected to a broad spectrum of perceptions. Most approaches do not include this phase explicit-
ly, although the World3 and TARGETS1.0, for example, intend to provide insights into nor-
mative aspects like sustainability and risks. This study will be restricted to the construction of
scenarios and the performance of sensitivity analysis as part of the design phase. The definition
of criteria and evaluation based on these criteria will not be incorporated explicitly. However,
the indicator framework, as described in Chapter 6, can serve as the first initial impetus for
such an evaluation.

4. The fourth phase of implementation, in which these model-based solutions are tested and eval-
uated in reality, was added later. This solution implementation should not be confused with the
model implementation, which takes place in the design phase. In the implementation phase,
model-based recommendations on policies like family planning programmes or investing in
health sectors are implemented in the Real World System. This last phase completes the cycle
by linking the modelling framework with the Real World System.
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The characterization or coding of the Real World System according to the phases of the modelling
framework is not necessarily unambiguous as presented in Figure 2.1. Perceptions of reality differ
and the translation of reality into a model is subjected to all kinds of observations, interpretations,
choices and limitations. Figure 2.2 presents the various combinations of the Real World System
and modelling frameworks.

These four representations can be described as:

1. Simple representation. Only one modelling framework is used to describe a part of the Real
World System. Other aspects are ignored.

2. Complementary representation. A part of the Real World System can, due to different observations
and perceptions of reality or an alternative modelling approach, result in different representations
or modelling frameworks of the Real World System. This complementary representation is
shown in Figure 2.2b. For example, the population size can be described by a logistic function
but can also be modelled by using an advanced cohort model. In this study, this representation
will be used to compare results with other modelling approaches.

3. Analogue representation. The representation of different parts of reality, Real World System I
and II in Figure 2.2c. by one modelling framework is another combination. With this combi-
nation, information is obtained on the generic character and validity of a modelling frame-
work. An example of the latter is the application of the same modelling framework to describe
population size for two different countries. In this study, the modelling framework will be
applied to several countries to analyze the generic facets of the modelling approach.
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4. The isomorphic representation. Here, the complementary and analogue representations are com-
bined to form the representation shown in Figure 2.2d. An example of an isomorphic represen-
tation is the use of metaphors. Complex processes and problems can be explained by making
use of another, simpler process. For example, a cohort model with all kinds of detailed specifi-
cations can be explained by using the metaphor of a cascade of containers. The first container
has a water inflow determined by a tap and each container has a hole, allowing water to flow
into the next container in line.

The steps of the modelling framework pathway have now been specified, bearing in mind the
implicit ambiguity of the steps. The modelling framework will be further discussed in the follow-
ing sections. Since Chapter 1 has already covered the intelligence phase, the next section will elabo-
rate on the design phase and its three composites: methodological concepts, analytical concepts and
the modelling approach.

2.2 METHODOLOGICAL CONCEPTS AND THEORIES

The collection of methodological concepts and theories serves as a toolbox with which the mathe-
matical model is founded and constructed. It does not only represent the conceptual and theoreti-
cal basis of the model, it also helps to clarify the modelling process by using a formal way of defin-
ing of all aspects to be distinguished. The first and most important aspect is systems theory. The
systems theory compels one to define the aspects to be modelled in explicit, universal terms, which
enables others to fathom the underlying model concept. The second aspect of importance is the
concept of integrated assessment, since mortality and fertility processes are interrelated and can
therefore not be looked at separately. For the resulting combination of these two disciplines an
integrated approach, the most suitable, will be applied here.

2.2.1 Systems theory

As shown in the overview of the history of integrated modelling, the systems approach has been
used in several modelling approaches. Systems theory is also a helpful concept for further formal-
izing the demographic transition. This section presents the terminology and definitions for the
systems theory. First, entities will be defined, followed by classifications of systems, relationships
and structures. These various definitions will allow us to clarify all the aspects of a complex system.
Figure 2.3 gives the conceptual representation of all aspects of the systems theory.

Entities
An entity, also referred to as element, component or object, is the smallest part of the system a
researcher wants to distinguish. An entity can be an individual person, a group of persons, a car or
a neutron and has particular characteristics and attributes. For example, the attributes of an indi-
vidual can consist of the person’s age, sex or height. The values of the attributes of all entities
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determine the state of a system at a particular moment in time. The state of the system changes
with the changes in the attributes of the entities. To speak of a change in values implies a reference
to the time dimension. A time-dependent change in state is called a process (Ackoff, 1971). A sys-
tem as a collection of entities will be further discussed in the next section.

Systems
There are various definitions of a system, varying from ‘any definable set of components’
(Maturana and Verala, 1980), to ‘a set of variables selected by an observer’ (Ashby, 1957) to ‘an
entity which maintains its existence through the mutual interaction of its parts’ (Von Bertalanffy,
1975). The definition of a system used here is ‘a collection of elements that interact and relate with
each other in such a way that the interactions that any of those elements have, and the results of
these interactions, depend upon its relationship with others’ (Maturana et al., 1995). A system
should fulfil the following three conditions (Ackoff, 1974):

1. The properties and behaviour of each entity influence the properties or behaviour of the whole
system.

2. The properties and behaviour of each entity are influenced by at least one other entity in the
system. 

3. Any subset of the system is characterized by the first two conditions and consequently, a system
cannot be subdivided into independent subsystems.
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For a description or representation of a system, several approaches can be followed. A useful one is
the distinction of levels of complexity, which differ with respect to the degrees of freedom of the
system elements and to the nature of our knowledge between them (De Vries, 1994, De Vries,
1996). Figure 2.4 shows the three levels of complexity.

The three levels can be described as follows:

1. Observed variables. The elements of a system are represented by variables, which correspond to
(a part of ) observable physical environment. This level lends itself to quantification and meas-
urement of real-world observable variables. An example of an observable variable is the yearly
number of births. Not all systems can be described satisfactory in terms of observable and
measurable variables but are characterized by a sequence of variables. Observed variables are
not considered separately but can be related to other observed variables, resulting in a struc-
tured representation: for example, the yearly number of births is related to the total population.
Umpleby (1994) explicitly inserts these structured variables into a different level of complexity,
e.g. the number of births is part of the observable variables while the number of births related
to the population size is considered at a different level of complexity.

2. Groups. The social system is composed of groups of people, a group consisting of one or more
individuals with same attributes. All groups can be regarded as the major actors in the system.
Human behaviour, considered at this level, is influenced by information-dependent sets of
rules. Examples of groups are political parties, or enterprises/companies, or married couples
faced with the decision whether or not to use contraceptives.
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3. Ideas. Groups act out their human values, beliefs and ideas. Groups try to achieve their goals on
the basis of their own perception of the world. At this level, behaviour and information flows of
the second level are evaluated from a higher and broader point of view. An example is the
‘desired family size of a married couple’.

Although these three levels represent a simplified depiction of the continuous spectrum of reality,
it can be helpful to position and understand interrelationships of the Real World System. The dif-
ferent levels of complexity can be regarded as representative of the interdisciplinary pathway along
the domains of natural and social sciences and therefore suitable for an integrated approach. The
distinction of these levels allows an explicit discussion of the concepts and methods used in inte-
grated assessment, and the differences between these concepts and methods (Rotmans et al.,
1997a). 

Another method for describing the system’s entities and the relationships between entities and is
systems dynamics. With this technique a distinction is made between states and events or episodes
which connect them. An event determines the shift or transition between states. Although state
and event modelling are sometimes considered as different approaches, they are inextricably
attached. For example, living in poverty is not in itself a measurable variable but is a state which
can be entered if the income of a person decreases to a level below a predefined poverty line of say
one dollar a day. Living in poverty is considered a state but is a result of the event of becoming
poor. The following processes can be distinguished (Blossfeld and Rohwer, 1995):

• Single episode, two states. The most restricted form is a process with only one event and two
states (one origin and one destination state). For example, the event of marriage determines
women’s change of state: from single to married.

• Multistate models. Process in which more than one destination state is distinguished. It is
referred to as a multistate model with competing events or risks if a single-origin state has two or
more destination states. If there are more events possible (i.e. repeated events) the term multi-
episode model is used. The combination of these processes results in the multistate–multi-episode
process. For example, in the reproductive life span of a woman events like marriage and child-
birth can be distinguished. These events determine women’s change of state from single to mar-
ried and from married without children to married with children.

The description of a system in terms of states and events, benefits from the following set of defini-
tions (Rotmans et al., 1997a):

• State variables represent the state of a system at a particular moment in the simulation period
(for example population by sex and age). These variables can be subdivided into:

• Empirical quantities: state variables that represent observed and measurable properties of the
real world (for example the yearly number of births).

• Non-observable variables: state variables that can not be related to observable entities.

WORLD POPULATION IN TRANSITION

30



• Auxiliary variables are input variables and parameters (e.g. initial population size).
• Events is the number of events per unit of time which determine a shift between state variables

(e.g. the event of marriage or giving birth).
• Rate variables represent the exchange between state variables over a particular period (flows like

mortality rate determining the annual outflow of the population). This exchange is initiated by
the previously mentioned events.

• Feedback variables represent the suppression or reinforcement of changes within the system in
the respective cases of a negative and positive feedback.

• Response variables represent the options available to model users to influence the system’s 
behaviour (e.g. policy options like family planning).

• Values represent preferences of the model user (for example, legislation for abortion).

This classification of variables is not unambiguous. In some cases, model variables like the initial
population can be seen as auxiliary variables but also as empirical variables. Nevertheless, these
classifications can be useful to typify or structure system elements. 

Relationships
A connection between two entities is considered to be a relationship if a change in the value of the
attributes of one entity results in a change in the value of the attributes of the other (Kramer and
Smit, 1991). The relationships that influence the entities can consist of physical interlinkage but
also of non-physical interlinkages like emotion or the exchange of information between entities.
The following four relationships can be distinguished (Kramer and Smit, 1991):

1. R {A ; B} there is a relation between A and B but the direction of the relation is unclear.
2. R {A → B} there is a relation from A to B but it is unclear if there is a relation from B to A.
3. R {A |→ B} there is a relation between A and B but no relation from B to A.
4. R {A ↔ B} there is a mutual relation between A and B but the direction of the relation is

unclear.

Two types of relationships can be distinguished: associative and causal. For associative relationships,
the underlying mechanism is not specified; however, it is considered to be sufficient to observe
how the values of one variable are associated with the values of other variables. Causal relationships
are designed to say something about how events are produced or how events are conditioned by
other events. Causal relationships are made to explain the occurrence of events, to understand why
particular events happen and to make predictions when the situation changes (Blossfeld and
Rohwer, 1995). Event A is considered as the cause of Event B if Event A occurs prior to the effect
of Event B and implies that a temporal interval is necessary for the cause to have an impact. This
time interval may be very short or very long but can never be zero or infinity (Blossfeld and
Rohwer, 1995). This time interval is referred to as a delay or lag between the events assumed to be
causes and the unfolding of their effects. A causal statement implies that if the cause had been dif-
ferent, there would have been another outcome, at least with a certain probability. It should be
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added that a causality between Event A and Event B does not imply that A is the only cause affect-
ing B. Events in social sciences tend to be multi-causal in nature.

In the following section several mechanisms will be given to structure and organize entities and
the relationships.

Structure
The collection of all entities and relationships, including directions and dimensions of the rela-
tionships, is referred to as the structure of the system. The structure of a system, which consists
of a rather limited number of entities and relationships, can be easily depicted without making
use of any hierarchical or organizational framework. However, the description of complex sys-
tems, like the system in which the demographic transition takes place, results in an enormous
list of all relationships. An overall organizing framework is necessary to clarify the cause–effect
chains and interrelations of the underlying subsystems. Such an organizational mechanism can
be helpful in presenting the structure of a more complex system. The following four organiza-
tional approaches can be applied, each with its own level of detail and emphasis on the way of
clustering.

1. The most simplified approach is the Input-Output method or Black Box method. Only the values
of attributes of input variables and output variables, such as finished products, performances or
consequences of the system, are explicitly described. There is no knowledge or assumption
about state variables or the internal structure of the system. However, this method often leads
to hypotheses on the structure of the black box.

2. In the second method, Input-Process-Output, the processes necessary to convert inputs into out-
puts are described and the Black Box is opened. These processes may consist of procedures,
programmes, activities or decisions (Turban and Aronson, 1998). This mechanism can be
expanded by inclusion of a decision-maker who can take action based on feedbacks consisting
of information flows from the outputs.

3. A third structuring approach, the Pressure-State-Impact-Response (PSIR), is derived from the
Input-Process-Output method and provides a more specific representation of the system. The
OECD (1993) developed a structuring mechanism, Pressure-State-Response, which was origi-
nally developed to structure environment-related indicators. This method was refined by split-
ting the state component into State and Impact to accommodate information on changes in
the system’s functions. Figure 2.5 presents the systems diagram of the PSIR approach. The
description of the Pressure-State-Impact-Response (PSIR) mechanism follows:
• Pressure System represents the driving forces or factors of influence on the event variables of

the system.
• State System represents the system’s actual state (State Variables) and its changes (Rate

Variables).
• Impact System represents the impacts of changes in the state subsystem.
• Response System represents all kinds of human intervention, like policy actions or individ-
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ual responses. These responses can be initiated or stimulated by feedbacks, i.e. information
flows out of the impact subsystem.

The resulting PSIR mechanism proved to be useful in organizing and structuring all kinds of
(sub)systems on several aggregation levels (UNEP, 1997, Rotmans et al., 1997c, RIVM, 1998).
The PSIR mechanism is relative: what is considered an impact for some subsystems can be
regarded as a pressure for another subsystem. 

4) The fourth structuring mechanism to be mentioned is the Process-Context approach (De Bruijn,
1999). In this mechanism a distinction is made between macro- and micro-level entities and
relationships. On the basis of Coleman (1990) the specific macro and micro processes are posi-
tioned and related (see Figure 2.6). At the macro level the context of individual behaviour is
assessed by distinction of the concept of social institution. These social institutions are not
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reserved only for more commonly used institutions like organizations and enterprises, but also
refer to abstract social constructs such as democracy, religion and gender systems. In this
approach institutions can be seen to be operative at different hierarchical levels like local,
regional, national and international level. Each level has its own rules, influencing and structur-
ing an individual’s behaviour at the micro level (the macro–micro connection). Next, at this
micro level the behaviour of the individual leads to individual outcomes, which are represented
by a ‘model of choice’ consisting of three interacting kinds of processes: 

1. Learning processes, including, for example, observational learning and personal experience;
2. Choice processes, which result in for example marriage or the use of contraceptives; and
3. Biological processes, which finally determine the reproductive behaviour.

The individual’s behaviour, in turn, is aggregated to a social outcome (i.e. fertility patterns,
population growth) represented by the micro–macro connection. Next, the social outcome has
a delayed influence on the rules determined by the social institutions.

Boundary and environment
The description of a system and its elements also involves the specification of the system’s bound-
ary. Entities exist which are not included in a system but can interact with the system. This collec-
tion of entities outside the system is called the environment of the system. The system is separated
from its environment by the system boundary. A boundary can be physical (city border) or non-
physical (person of a particular age, political party). If there is any interaction with entities within
the environment, the system is considered to be an open system (e.g. Figure 2.3). A closed system is a
system which is completely isolated from its environment. 

Subsystem
A subsystem is defined as a subset of entities of a larger system, which fulfils the conditions of a sys-
tem itself, but which also plays a role in the operation of a larger system (Young, 1964). This
implies that for a subsystem the same aspects of structure, boundary and environment are applica-
ble. The notion of a hierarchy within systems reflects that all systems are actually subsystems, since
they are all embedded in a larger system. For example, the population of a country forms a subsys-
tem of the global human system, which in its turn is a subsystem of the global system. Apart from
this, subsystems can be defined in several, not necessarily ambiguous, ways. For example, the
female population can be seen as a subsystem, while the population by sex and age, and the PSIR
structure, are just other classifications.

2.2.2 Integrated approach

Integrated approaches have been set mainly in the nineties. Theme-specific approaches, which
regard problems separately, have been complemented by integrated assessment (IA) approaches.
These put theme-specific problems in a broader perspective and interlinked the various themes. IA
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modelling facilitated a multi- or interdisciplinary approach. Two dimensions can be followed for
integrating processes (Rotmans et al., 1997a):

• Vertical integration or the closing of cause–effect relationships.
• Horizontal integration, which takes into account the cross-linkages and interactions between

the subsystems.

These two dimensions of integration are eminently applicable to the Pressure-State-Impact-
Response mechanism. The vertical integration is implicitly incorporated in the PSIR mechanism
by linking pressure variables to state variables, state variables to impact variables, impact variables
to response variables and closing the cycle by linking response variables to state and 
pressure variables (see Figure 2.5). On the other hand, given the generic character of this mecha-
nism, it can be applied to any subsystem at any aggregation level and thus enables consideration of
all pressure variables, all state variables, all impact variables and all response variables 
separately. The simultaneous clustering of variables by PSIR secures the second dimension, the
horizontal integration. By safeguarding these two dimensions of integration, a fully integrated
structure is obtained.

An integrated approach can have implications for the aggregation level, which is determined by
the spatial and temporal resolution in combination with the level of detail of the processes.
Depending on the issues, which have to be described and analyzed, a choice for the aggregation
level is made. Integrated Assessment modelling, in which various issues, and not just a single issue,
are distinguished, forces an aggregated approach. A high aggregation level and a low level of detail
for spatial coverage characterize most of the models addressing issues of global change. Starting at
a high abstraction level of the overall system, various subsystems can be considered in more detail.
This approach is referred to as a top-down approach. The counterbalance of the top-down
approach is the bottom-up approach, which first considers processes at a low level of detail and then
aggregates them to a higher aggregation level.

2.3 ANALYTICAL CONCEPTS

The analytical concepts encompass the methods for translating the qualitative description and con-
cepts into a model making use of the methodological concepts. A model can be defined as ‘a mate-
rial, conceptual or formal representation of part of the observable reality, that is, of the system
under consideration’ (Rotmans et al., 1997a, p. 19). To operationalize this definition of a model,
various analytical concepts can be applied. In this section, four facets will be described: abstraction
level, time dimension, stochastic behaviour and principle of choice.

The first characterization is the classification of a model into three levels of abstraction (Turban and
Aronson, 1998). The first level includes the iconic model, which represents a system by a physical
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replica or scale model. The analogue models at the second level do not look like the Real World
System itself but give a symbolic representation of the system, like the use of flowcharts for repre-
senting a structure. The third most abstract method is the mathematical model. For the mathe-
matical model, the variables are identified and the relationships between variables explicitly repre-
sented by mathematical equations.

The second characterization is represented by the distinction of a time dimension. A static
approach reflects a system at a given instance of time, for example, the world population size in
1999. A comparative static approach compares a system at a limited number of moments in time.
For example, the different World Fertility Surveys can be compared to analyze changes in fertility
levels at different points in time. A more advanced inclusion of the time dimension is the dynam-
ic approach, in which a system is described over a specific period, for example, the population size
represented by a logistic curve. When the causal relationships are included as underlying mecha-
nisms, one speaks of a process-dynamic approach. A process-dynamic approach can be seen as a
composite of dynamic components, like the description of the population size as outcome of its
underlying components, fertility, mortality and migration.

A third dimension that can be used for classification is the behaviour of a model as either deter-
ministic or stochastic. A deterministic model always generates the same model output to a given
set of input variables, while a stochastic model generates outcomes according to probability distri-
butions of a given input. 

The last dimension in the analytical concepts is the evaluation of outcomes, which is also referred
to as the selection of principle of choice. A model can be normative, which implies that model
outcomes are compared and ranked according to a certain measurement. Based on a normative
target function, one of all alternatives is selected as being the best. This process is referred to as
optimization. On the other hand, a model can be descriptive, like simulation models, which only
provide model outcomes based on a given set of inputs without relating the outcomes to all other
alternatives.

2.4 MODELLING APPROACH

Based on the experiences of the approaches as described above, several pathways can be followed to
arrive at a formal modelling framework that should enable us to address the population and devel-
opment issues mentioned in the previous chapter. This modelling framework will be referred to as
PHOENIX. As a guideline for the design of this modelling framework, the procedure chosen is one
which has been applied for the World3 modelling process (Meadows et al., 1974). In this proce-
dure, the development of a formal systems model is described as a cycle of a number of logical steps
in sequence. The step-by-step procedure must be repeated to obtain the final model. Although this
procedure is rather extensive compared to other suggested procedures i.e. (Dzidonu and Foster,
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1993), it is a useful and thorough way for constructing models, having proved its worth for
World3. Most of the steps can be useful in the modelling approach, but some of them are less rele-
vant for PHOENIX. Based on the modelling procedure of World3 (Meadows et al., 1974), the fol-
lowing steps in the modelling process can be distinguished:

1. General description of the problem.
2. Systems description:

• Identification of the system and subsystems;
• Identification of major entities and relationships;
• Model structure;
• Specification of time and spatial dimension.

3. Estimation of the model’s parameters; quantification of causal assumptions. 
4. Evaluation of model’s sensitivity and validity. 
5. Experimentation, by means of further simulation, with possible alternative policies. 
6. Communication of results, including visualization.

These steps will be described in the sections to follow. Some of these steps are already described in
previous chapters and will only be recapitulated briefly.

2.4.1 General description of the problem

Most aspects of the demographic transition were extensively described in the previous chapter. Since
the description actually forms a part of the intelligence phase, it will only be summarized here to clar-
ify the main purposes of the model to be developed. The model is aimed at functioning as a compre-
hensive methodological framework for integrated assessment of demographic changes under varying
environmental and socio-economic conditions. This framework should enable one to address, ana-
lyze and evaluate the population and development issues as given in the previous chapter.

2.4.2 Specification in terms of the systems theory

This step describes the system in which the demographic transition takes place. The description starts
with the argument of why a systems dynamic approach is appropriate for the modelling of the
processes of fertility and mortality. This approach enables the complexity of the real world to be
aggregated into a simplified conceptual description, which concentrates on the interactions and time-
dependent feedback mechanisms between different systems of cause–effect chains rather than on each
subsystem in isolation. There is even substantial evidence for ‘the systems approach being the only
approach capable of capturing the complexity of the interrelationships between the developmental,
environmental and socio-economic systems’ (Dzidonu and Foster, 1993 p. 323). Several applications
of the systems approach in global modelling have shown that this methodology serves the purpose of
tackling both human and environmental issues and the interplay between them (Meadows et al.,
1974, Millennium, 1996, Rotmans et al., 1997c). The inclusion and combination of different sys-

37

THE MODELLING FRAMEWORK



tems with their specific knowledge and methodologies is referred to as integrated assessment.
Integrated assessment models are highly suitable for describing complex and highly aggregated sys-
tems generically (Rotmans and Dowlatabadi, 1996). As already mentioned, the trend towards more
integrated and interdisciplinary research is observed. Although this combination of various disciplines
may pose obstacles due to differences in terminology, expertise and techniques, it has proven to be a
step forward in the understanding of real world problems. In the PHOENIX framework, the dynam-
ic inclusion of fertility and mortality subsystems and the interaction with other subsystems like the
physical environment and the economy are crucial facets. The multi- and interdisciplinary character
of these interactions calls for an integrated approach, useful for describing these processes.

Systems and subsystems
The conceptual depiction of the system, consisting of the major elements and the representation
of the overall structure, depend on the aggregation level. The top-down approach is used in
PHOENIX. Starting at the highest aggregation level, the global system, the various subsystems
can be considered in more detail. Figure 2.7 shows the global system as a composite of the
Environmental, Economic and Human System. With this representation the boundary of the
Human System, considered to be open, is also defined.

Formally speaking, the Human System should therefore be referred to as a subsystem, since it is a
subset of the global system. However, since a subsystem can be considered as a system in itself, the
terminology is not always used unequivocally. The PHOENIX framework describes population
and development issues under economic and environmental conditions. It therefore represents only
a partial approach of the global system but is fully integrated when it comes to the human system.

In the human system, several subsystems can be distinguished. The fertility and mortality subsys-
tems are the major subsystems (see Figure 2.7) and represent the two components of the demo-
graphic transition. These subsystems themselves can be further subdivided into more detailed sub-
systems, like a system describing child mortality or one describing the use of birth control. The
further refinement of the fertility and mortality subsystems can be considered as an elaboration of
the specific processes using the same methodological foundation. A detailed description of these
subsystems will therefore be given in the next chapters.
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Figure 2.7 The overall representation of the global system at the highest aggregation level.



Model entities and relationships
The most obvious entity for the human system is a group of individuals. A group is formed by the
selection of individuals with similar attributes. Groups can be formed at various levels. The major
classification for these groups is the social embedding along the micro-meso-macro dimension.
Using the structure of social institutions as described by De Bruijn (1999), and specifying them
further, the following levels can be distinguished: Individual, Consensual Union, Household,
Community, Intra-National (sometimes referred to as Regional), National, International and
Global.

The groups at all levels can be further specified by additional attributes taken from a rather exten-
sive collection. Examples of attributes of entity are sex, age, marital status, using contraceptives,
smoking, suffering from malnutrition and living in a particular area (urban or rural, malaria or
non-malaria). Some of these attributes are only relevant at a particular level; for example, literacy,
average income, use of contraceptives and the ability to take policy actions are usually considered
at a macro level. However, most of these attributes are aggregates of outcomes at micro level. For
example, contraceptive use is the outcome of a decision at a micro level, by individuals alone or
within a consensual union. This decision is made given various macro, meso and micro conditions
of birth control like accessibility, awareness and costs. The macro level aggregate of the proportion
contraceptive users is then obtained by relating the total number of individual users to the popula-
tion. In PHOENIX, processes are only described and considered at a macro level. The description
of individual behaviour at the micro level is beyond the scope of this study.

A complex of interactions and transaction takes place between all entities. These interactions and
transactions are represented by relationships. Relationships cause a change of attributes or a
change in the value of attributes and thus a change in the state of the system. The nature of these
relationships varies. They may represent 1) goods, like food or medical equipment, 2) people, like
two persons forming a stable sexual relationship or persons getting older and 3) information flows,
like the studies about the effect of population growth on population policies.

Model structure 
The system’s structure is depicted by the collection of the directions and dimensions of all rela-
tionships used in the system. For describing the complex system, four organizing mechanisms
have been distinguished (see Section 2.2.1). Of these, the PSIR approach will be used to present
the structure of PHOENIX. The PSIR approach provides a methodology appropriate for the
explicit description of the causal mechanisms and dynamics of the fertility and epidemiological
transition. Feedbacks and responses to those feedbacks can also be clearly positioned in the PSIR
approach. 

The PSIR approach can be applied to different subsystems, e.g. fertility and mortality. As previ-
ously mentioned, the application of the PSIR mechanism is relative: i.e. what is considered an
impact for one subsystem can be regarded as a pressure for another. For example, the level of child
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mortality is one of the outcomes of the mortality model but is considered an important driving
force for fertility behaviour and is therefore included in the fertility model as a pressure variable.
On the other hand, the PSIR mechanism is flexible, enabling one to describe a process at different
levels of complexity and aggregation. This also implies that in the conventional classification,
determinants are not always regarded as pressure variables. If the underlying socio-economic
processes are included in the fertility process, determinants are classified as state variables.

Even though the PSIR concept has some limitations and omissions, it can serve as a helpful tool
for structuring, clustering and aggregating all different kind of processes. In the following section a
brief description is given of the fertility and mortality subsystems according to the PSIR mecha-
nism. Instead of the specific mathematical equations used in the model, which will be extensively
described in the following chapters, only the overall structure is presented.

The Pressure system is the collection of factors or driving forces influencing the state of the system.
These explanatory variables cause changes in state variables i.e. fertility behaviour, mortality pat-
terns and their effect on population size and structure. The Pressure system for the PHOENIX
model comprises the socio-economic and environment variables of influence on the fertility and
mortality levels and functions as an interface with the subsystem’s environment. For the fertility
subsystem, the most important pressure variable is considered to be human development, repre-
sented by a composite of (child) mortality levels, education levels and income levels. In the mor-
tality subsystem, environmental conditions like food availability and drinking water aspects are, in
addition to levels of education and income, considered to play an important role.

The State system describes the actual state of the system and its changes. The main stock variables
or reservoirs are population by sex and age. Besides these classifications, several fertility aspects like
contraceptive use and marital status are used for further characterization of the distinguished pop-
ulation. In the mortality model the most relevant health risks are used for a further distinction of
the reservoirs. Changes in the State system correspond with the events of birth, the process of age-
ing and the event of death, causing flows between the age groups of the population distinguished. 

The Impact system describes the impact of changes in the State system on the functioning of a sys-
tem. It represents the most important outcomes of the fertility and mortality process, which influ-
ence or initiate responses or outcomes that interact with the subsystem’s environment.
Distinguished are the immediate and long-term consequences of actual fertility and mortality. In
PHOENIX, the immediate outcome of the fertility subsystem is the number of births, which gen-
erates the actual population dynamics, together with the age-specific number of deaths from the
mortality subsystem. As long-term impact the population momentum is considered, which repre-
sents the factor by which current population will ultimately grow before reaching a stationary sit-
uation if fertility is immediately reduced to the replacement level of about 2.1 children per
woman. Another important impact variable is the life expectancy.
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The Response (or steering) system includes the responses to, or feedbacks from, the Impact system.
All kinds of human intervention, like individual responses or policy actions, are initiated or stimu-
lated by feedbacks from the Impact system. These feedbacks consist of interactions, mostly infor-
mation flows, between the various social institutional levels. Responses can be divided into endoge-
nously and exogenously determined responses. In the Fertility subsystem, the unmet need and
policy awareness are considered as endogenous feedback mechanisms influencing the priority for
population policy. The policy priority becomes manifest in four spearheads: abortion policy, educa-
tion policy, family-planning efforts and mass communication. The allocation of efforts among
these spearheads is exogenously determined. By adjusting these efforts, the proximate determinants
of fertility can be influenced. Delays between feedbacks and priority for population policy, and
between policy measures and the actual influences of these measures, are taken into account. The
response in the mortality subsystem consists of the expenditures on health services, in both the pre-
ventive and curative sectors. All responses in the mortality subsystem are set exogenously.

Time and spatial dimension
The time horizon of a model is the period over which the system is supposed to provide informa-
tion on historical changes or future developments. The time horizon is restricted by three aspects:
the interest of the modeller or model users, the availability of data necessary for simulation and the
validity of the assumptions and relationship. On the other hand, the simulation period has to be
long enough to see changes within the system. The start of the simulation period is set at 1950,
mainly because of data availability. Hardly any registration exists for most countries before 1950;
some countries started to supply data after the 1960s, especially on specific mortality and fertility
data. The period 1950-2000 will be used for calibration purposes. The end of the simulation peri-
od is set at 2100, which will allow simulation of life cycles of people being born now, assuming a
life expectancy of about 80 years. Although the calibration procedure indicates that the modelling
approach is valid for the historical observations, it does not automatically prove the validity of the
relationships in the future. The future pathway of the developing countries are expected to show
fertility behaviour and mortality patterns comparable to the patterns observed in the developed
countries. The future fertility and mortality patterns of most of the developed countries will strike
new ground and are more subjected to shortcomings in scientific knowledge. The modelling
framework can be used to position these shortcomings in knowledge and explore the size and rele-
vance of possible future developments.

Apart from the time horizon, the time step for simulation has to be specified. The required time
step depends on the dynamic characteristics of all the subsystems. For most of the demographic
processes a time step of one year is taken, corresponding with the registration of data, which, in
general, is on a yearly basis. However, for some specific subsystems like the pregnancy, modelling a
month step is more appropriate.

The spatial dimension is included in the PHOENIX model as two facets. The first facet is the
division of the world in regions. Division into regions locates people in space and gives them
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associated attributes of influence on mortality patterns and fertility behaviour. Other spatial char-
acteristics are indirectly taken into account by attributes like living in a malaria risk area, which
includes an implicit geographical distribution of the population. The second facet including a
specific spatial dimension is migration. In PHOENIX migration is represented by the flow of
persons from one subsystem to another. Spatial aspects, like distance, are ignored. Migration
within a subsystem (i.e. urbanization) can be represented by the definition ‘a subsystem of people
with the attribute of living in rural or urban area’. In PHOENIX urbanization is not taken into
account.

2.4.3 Implementation of the model

The depiction of the model structures of variables and relationships is followed by the practical
model implementation, which should not be mixed up with the Real World Implementation phase
of the decision-making process mentioned earlier.

The practical implementation is defined as the transposing of the variables and relationships into
the so-called model source code and, finally, a computer simulation model. Computer models are of
growing importance in the formulation, execution and evaluation of policies but access to and
understanding these computer models is often restricted. Choosing a simulation programming
language to generate a computer simulation model will depend on its capacity for simulating a
complex and dynamic process like the demographic transition. One of the simulation program-
ming languages that satisfies these requirements is the modelling and visualization tool M (De
Bruin et al., 1996), developed at the RIVM. M is an integrated software environment for the
development, visualization and application of interactive, dynamic models based on algebraic, dif-
ference and differential equations, and has already proven to be a useful instrument in the devel-
opment and application of complex integrated models of public health and climate change
(Martens et al., 1995, Hilderink et al., 1998, RIVM, 1998). 

2.4.4 Assumptions and estimation of parameters

The process of implementation also includes quantifying the assumptions on the causal relation-
ships and estimating the model’s parameters required for the computer simulation model. For the
estimation and assumption of parameter values another organizing mechanism is used. The PSIR
mechanism was meant to position all variables in a causal structure of the model but for the cali-
bration and validation procedure, the Input-Output structure is more applicable. The model vari-
ables are therefore classified in the following way:

• Auxiliary or Input variables: all variables which are set exogenously, like initial values of reser-
voirs and parameters used in mathematical functions. Some of these input variables are not
liable to various interpretations of their values (like the effectiveness of sterilization as a birth
control method, of which the value can be set with certainty at 100%). Other input variables
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allow more interpretation freedom, like the definition of the minimum daily food intake, or
include a probable range of values, like the estimation of the initial population size.

• Endogenous variables: variables which are determined by input variables and/or other endoge-
nous variables. These variables can be categorized into:
• Endogenous variables for which simulated values can be compared with empirical values

(like the population size in time);
• Endogenous variables for which no empirical data exist to compare them with (like the level

of modernization of a country).

Calibration
After the computer simulation model is constructed and the necessary data are collected, the
process of calibration starts. The main objective of the calibration process is to reproduce historical
time series ‘as well as possible’. In the calibration procedure, the set of assumptions (consisting of
all the input variables, including their input range) is adjusted so that the endogenous variables of
the first type match the empirical values. The latter refers to observed or estimated time-series.
This process of calibration is strongly interwoven with sensitivity analyses, which will be described
later. Based on these sensitivity analyses insight is achieved into the effects of the assumptions for
input variables on the model outcomes. One of the outcomes of sensitivity analyses is a ranking of
sensitivity of the input variables. In the calibration procedure, the most sensitive variables are con-
sidered and adjusted first, given their input range. The reliability of these observed data can some-
times be questioned and the limited value of these data should be kept in mind considering the
calibration process.

Validation
The next step after calibration of a model is the process of validation. Validation, defined as a pro-
cedure for testing the adequacy of a mathematical model, can be divided into two types (Rotmans
et al., 1997c). The first type is conceptual validation, in which the generic character of the underly-
ing concepts and the mathematical formulation is examined. This can be done by applying the
model to different Real World Systems (see Figure 2.2c), which demonstrates that the underlying
conceptual model is valid. An example of validation is the application of the global fertility sub-
model of TARGETS1.0 to simulation of fertility change in India (Hutter et al., 1996). Four case
studies, India, China, Mexico and the Netherlands, will be performed for PHOENIX. The second
type of validation is the practical validation, represented by Figure 2.2d. In practical validation,
model outcomes are compared with other research, like the population projections of the United
Nations (1998b). This comparison yields information on the different interpretations of the histo-
ry and on the explanation of differences in model outcomes on projections.

The calibration procedure shows that model results are consistent with present and past observed
data but does not guarantee that the model will perform at a similar level for forecasting the future.
The validation procedure analyzes whether the assumed conceptual model is also appropriate for
application to other situations but is still no guarantee for appropriate projections. Small errors in
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assumptions or the cancelling out of hypotheses can be misleading for future projections (Oresker
et al., 1994). These possible errors can be evaluated using uncertainty and sensitivity analysis.

2.4.5 Evaluation of the model’s sensitivity and uncertainty

Although mathematical models are useful tools in the study of parts of the Real World System, our
knowledge and information on Real World problems is rather limited. These limitations can be
evaluated with sensitivity analysis and uncertainty analysis. The following definition is used for sen-
sitivity analysis (Janssen et al., 1990):

• Sensitivity analysis is the study of the influence of variations in auxiliary variables (model
parameters, initial conditions) on the changes in outputs of the model. 

Sensitivity analysis is performed to gain insights into the dynamic behaviour of the model and to
support the calibration procedure. Sensitivity analyses are usually performed to clarify the robust-
ness or sensitivity of assumptions made in the model. Analysis is not necessarily restricted to the
value of input parameters of a model but can also be performed on the structural aspects of the
model. The sensitivity analyses result in a structured evaluation of variables or parts of the model
which have the most influence on the model outcomes. These rankings serve as a starting point for
the performance of the uncertainty analyses. The definition for uncertainty analysis is found in
Janssen (1990):

• Uncertainty analysis is the study of the types and sources of uncertainty and their influences on
the outputs of the model (i.e. the uncertainties concerning future economic growth).

Uncertainties are inextricably attached to a model. Several types and sources of uncertainties can
be distinguished. The data, used for the input variables or for endogenous calibration variables, are
all representations of the Real World System. These observations and estimations are subjected to
all kinds of uncertain aspects like statistical variation, variability, linguistic imprecision and subjec-
tivity. Besides, all theories and methods that will be used to describe the fertility and epidemiolog-
ical transition were subjected to the same types of uncertainties; they therefore include uncertain
aspects themselves. 

The selection of variables, which will be included in the uncertainty analyses, will be restricted to
those of major influence for the model results. Lutz (1997) gives an example of uncertainty analy-
sis for population projections in which distributions for fertility, mortality and migration are used
to obtain probability distributions of the future population size.

The cultural perspective-based or multiple model route method is an alternative technique for
investigating uncertainties (Van Asselt et al., 1996). In the multiple model route method, uncer-
tainties in both parameter values and relationships are consistently classified and clustered. This
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method was explored for the population and health submodel in TARGETS1.0 (Hilderink and
Van Asselt, 1997) but requires far more examination for application in PHOENIX. This is
beyond the scope of this study. However, it can be valuable to apply this method to PHOENIX in
future research. Chapter 7 includes the procedure and outcomes of sensitivity and uncertainty
analyses.

2.4.6 Experimentation

After the design and implementation of the modelling framework, the final phase consisting of
experimentation starts. The information provided by the sensitivity and uncertainty analyses will
be used for scenario construction. A scenario is defined as a set of input variables over the whole
simulation period, which has been fully calibrated for historical time-series. Because PHOENIX is
a deterministic model, this set or scenario strictly determines the value of all other output vari-
ables. The basic set of inputs is referred to as the reference scenario. The underlying future
assumptions of input values will be mainly founded on existing data, if possible, and provided by
authoritative institutions like the United Nations and the World Health Organization. Any varia-
tion on the reference scenario automatically results in a new scenario. Although variations in vari-
ables can be also be made for the calibration period (1950-2000), the calibration of a model does
not necessarily result in only one unique set of input variables; for scenario construction it is
restricted to variations over the period 2000-2100. 

2.4.7 Communication of model results

The complexity of the modelling framework can constitute a major obstacle in communicating
the model results. A crucial factor in this communication is the openness or transparency of the
simulation model, which prevents the model being regarded as a black box. For this reason, two
facets will be emphasized in the application of PHOENIX, visualization and the use of indica-
tors.

• Visualization techniques are essential for presentation and communication of model structures
and model results, and also for interactive use of the computer simulation model. For the
PHOENIX framework the modelling and visualization tool M (De Bruin et al., 1996) has
been used to facilitate flexible visualization and interactive model use. 

• Indicators. Apart from complexity, the enormous amount of model output can cause the loss of
overview of the most relevant developments within the model. This problem can be encoun-
tered by using indicators or indicator frameworks. Indicators are often used as directives for or
representatives of changes within the environment or society. Paying attention to a limited set
of indicators should alert one to broader, underlying movements. The development and use of
indicators is strongly interwoven with specific characteristics of the fertility and mortality sys-
tem and will be discussed in Chapter 6. This chapter will also present existing definitions of
indicators, like the human development index (HDI). 
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2.5 CONCLUSION

To arrive at a well-founded modelling approach to describe the demographic transition, the path-
way of the modelling framework has been given. Several theories and methodologies have been
presented to cover all the modelling aspects, although theories and methodologies are not all
applicable to the same extent. The modelling framework presented consists of the first two phases
in the process of decision-making, namely, the intelligence and design phases (Simon, 1977)
obtained by following a pathway. This process of developing a modelling framework, resulting in a
computer simulation model, also comprises several choices and assumptions. In this section, an
inventory will be made of the strengths and weaknesses of the modelling framework as construct-
ed out of the components.

2.5.1 Strengths

Transparent and flexible framework
The explicit description of the whole trajectory of the modelling framework results in transparent
framework. The description of the conceptual and analytical framework of methodologies and
theories, followed by the modelling approach, consequently leads to a modelling framework that
reveals its major assumptions. One of the purposes of this transparent approach is to allow discus-
sion, remarks and criticism useful for improving the model. The flexibility of the explicit step-by-
step approach also allows testing and adjusting potential improvements.

Scientific foundation
The systematic pathway for the modelling mortality and fertility processes results in a framework
in which most assumptions about both the methodological and the demographic issues are found-
ed. The explicit description and application of systems theory and integrated assessment, but also
of fertility and mortality theories, provides a good foundation for the simulation of the demo-
graphic transition.

Integrated assessment (IA)
The interactions of the fertility and mortality systems, but also their relationships with socio-eco-
nomic and environmental conditions, require a multidisciplinary approach. The IA-modelling
tool is very suitable to describing systems with multi- and interdisciplinary processes. With IA,
population and development issues can be positioned in and analyzed from a broad perspective,
starting at a high aggregation level and going to a more detailed level, depending on the
researcher’s purposes and the interests of the user.

Case studies
With the three aspects mentioned above, a modelling framework that is transparent, flexible and
generic is constructed, implying easy application and adaptation to different situations. As part of
the validation procedure, case studies were performed for India, China, Mexico and the



Netherlands. With these applications it will be shown that the complete pathway of modelling the
demographic transition, starting from a qualitative description, a toolbox, a conceptual model
and, finally, the actual implementation of the computer simulation model, is valid when using the
PHOENIX framework. The value of PHOENIX, not only a concept but also a model that can be
easily applied, is confirmed by the case studies.

2.5.2 Weaknesses

High level of aggregation
Following the top-down approach, population and development issues are studied at a high aggre-
gation level. Using this approach, demographic processes are observed and analyzed at macro level,
while most processes take place at micro level. The overall patterns of fertility behaviour and
health outcomes are the result of individual decisions and events. In the PHOENIX framework,
these individual processes are aggregated using simplified parameters, notwithstanding the aware-
ness that this is a shortcoming in describing individual behaviour. Another high aggregation level
omission is that overall or average levels, which do not reveal any heterogeneity, often represent
processes. The purpose of this study, however, is to yield insights into what can be expected in the
coming 100 years on a national level in the context of global change. The simulation of human
behaviour on a micro level goes beyond the scope of this study.

Absence of stochastic behaviour
In the PHOENIX framework all processes will be modelled as being deterministic. This implies
that for each scenario, the computer simulation model produces the same outcomes. The exclu-
sion of stochastic variation in the PHOENIX framework will mean a limited description of the
Real World System, where many processes are stochastic in nature. The purpose of PHOENIX is
to yield insights into the most relevant demographic mechanisms and not how stochastic variation
affects future developments. Furthermore, the effect of stochastic processes on the behaviour of
the system is analyzed in the sensitivity analyses.

No truth machine
Although the simulation model is used to explore the future, it is only a computer-based image of
the future. The explorations, even if probabilities are included by uncertainty analyses, have to be
seen in the context of gaining insights into demographic mechanisms instead of an apparently
accurate depiction of future developments. It should be mentioned that ‘the interpretative and
instructive value of an IA model is far more important than its predictive capability’ (Rotmans et
al., 1997c, p. 38).
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