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I. Therole of microsmulation in family studies

Family dudies try to shed light on a variety of questions and topics regarding the ways in
which people organize ther lives and socid rdations. This dso holds true for the reation
between individua action and socid dynamics. The methods used vay widdy as do the
research disciplines involved. The term ‘family’ specifies branches of various research
disciplines (eg. psychology, sociology, economics, higtory, demography, law) and aress in
politics. The rapid socid and demographic changes in the last decades aso raise a number of
crucid policy quesions How can we finance the socid security system in an ageing society
in the long run? What mus family policies look like in order to be able to cope with the
increesng variety of individud and family lifestyles? Therefore, the economic and behaviord
asessment and the evduation of family policies conditute an importat fidd in family
studies.

The massve socid and demographic change in the last decades went hand in hand with
tremendous technological progress, with computers now being a powerful and indispensable
tool in various fields of research. Ther ability to process large amounts of data has boosted
data collection, enabled new survey desgns and ways of daa anayss. Moreover, the
availability of powerful computers has led to new methods of theory development and testing
by agent-based computer smulation. Another line of computer Smulaion is microsmulation
based on daidicd modds of behavior. This method is widdy used in policy andyss. In
generd, the impact of massve socid change on people's lives has become a vitd area of
research, and great progress has been made in the ways of studying how lives change over
time. Methodological issues in life-course and family dudies increesngly share in a new
paradigm, the so-cdled ‘life-course paradigm’. It combines severd mgor theoreticd and
empiricd dreams of research, connecting socid change, socid dructure, and individud
action. (Giele 1998)

General trendsin social sciences

As family research involves a variety of research disciplines, it is not only influenced by
generd changes and shifts in the focus of atention, but aso benefits from their development.
This is especidly true in the fidd of socid sciences, where a comprehensive change can be
observed aong four dimensions: (Willekens 1999)

- from structure to process

- from macro to micro

- fromandydsto synthesis

- from certainty to uncertainty

(%]
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The change from dructure to process shifts the focus of attention from a datic view of
socid sysems to the dynamics of sysems over time and the processes generating the
dynamics. While this “trangtion from entity-oriented perception of redity to process-oriented
perception” was made by nearly every socid and naturd science (Willekens 1999; 4), its
importance increases with the speed of the observed socid and demographic changes and the
various new questions raised by these changes. The focus on processes brings in various new
concepts, with causdity and time being among the most important. Various phenomena
regarding families are characterized by their rapid change over time, and subgtantia research
effort is required to identify and understand the underlying processes generating them. Good
examples are low fetility, increesng divorce rates and changes in the digtribution of income
and wedth in generd or between people with and without children. The importance of time is
increesingly recognized in the fiedld of policy andyss where the atention shifts to the long-
term dynamics and the sudainability of such sysems as tax-benefits or socid security. In
sudying didribution effects of policies, time adds a new dimenson to research, as
digribution effects are not only andyzed in a cross-sectiond view for a given time, but aso
over time, between cohorts and over generations.

Family research mainly focuses on the micro units of society—people in their closest
kinship context—applying a variety of ressarch methods and involving a wide range of
disciplines. Consequently, the range of research questions that are addressed is wide, with
‘family rdevance condituting the smalest common dominator. Family relevance not only
reduces the number of phenomena that need to be studied, but somehow aso defines the
viewpoint: disaggregated socid and economic processes and dynamics. When investigating
the behavior of socio-economic systems, family research therefore mainly concentrates on
processes inherent in the sysem and its agents individuds and famlies This micro
viewpoint is growing in importance in al socid sciences that tend to move from macro to
micro explanations and to interpret changes on the macro level as results d actions taken by
individud agents and ther interactions These interactions dso include reections and
feedback of individua agents in connection with changes in ther environment, i.e. changes
on the macro leve that form the context of individua decisons and actions.

When shifting the focus of atention from structure to process, research increasingly tends
not to sop at the analyss of these processes and the resulting structures. The identification of
the dlementary processes that generate the complex dynamics of a sysem are indispensable
for understanding these dynamics, but also have to be ‘put together’ by way of synthess. This
way, sysem dynamics can be projected under different assumptions. As described in the next
chapter, the life course may be viewed as being a combinaion of a large number of
elementary processes. The chdlenge is to detect the eementary processes and the rules that
link them. Microsmulation is the main tool for linking multiple eementary processes in order
to generate complex dynamics and to quantify what a given process contributes to the
complex pattern of change.
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Ancther shift in socid sciences is based on the ingght that uncertainty is associated with
many events. Agents have only limited control over most events and ther exact timing. Hence
the individud likdlihood that certain events will or will not hgppen becomes an important
issue. This holds true for many phenomena and events sudied in family research: pregnancy
is a good example. While the degree of planning might vary, the exact timing cannot be
controlled though probabilities might be wel known. The probabiligic view adds a new
quaity to any kind of forecadts as the invedtigated dynamics include both the mogt likely
outcome and the probabilities of this outcome.

The afore mentioned four shifts can be observed in varying degrees in different socid
stiences. They have a huge impact on the way in which individud lives and interactions of
individuals are described and investigated. In the course of time, these important paradigmeatic
shifts led to the development of the human life course as a centrd concept or ‘organization
principle ..

The human life course

The term ‘life coursg was first used by Can (Cain, 1964) to encompass anthropological,
sociologicd, and psychologicd concepts of aging, paticularly as they were related to the
maturing individud's movement through an expected sequence of socid roles. The life course
refers to a sequence of socidly defined events and roles that the individud enacts over time. It
differs from the concept of life cycle in dlowing for many diverse events and roles tha do not
necessarily proceed in a given sequence but that conditute the sum total of persons actud
experience over time. (Elder, 1975) These roles and the trandtions from one role to another
are central issues in family research: childhood, partnership formation and dissolution as well
as parenthood, just to name some of them. Contrary to life-cycle concepts that are widely
used, for example in economics or psychology, and are based on a predetermined ‘typica’
sequence of roles, episodes of life or expected behaviors, the life course concept permits us to
sudy changing role patterns and the interactions between different domains or such careers as
education, jobs, partnerships and births. The individud life course is determined by four key
factors that make up the key dements of the life course paradigm:

location

socid integration
god orientation and
strategic adaptation

The location in time and place or the culturd background congtitutes the first key eement.
It determines the individud life course and closdy corresponds to period effects a
demographic concept frequently applied in higtorical demogrephy. Using archivd parish
registers, births, deaths and marriages are recongtructed and the economic and politica factors

B
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that shaped the key demographic events of everyday life are determined. Key topics and
indghts of this kind of higtorical research—which concentrates on ‘ordinary people’ rather
than leaders and battles—regard the changing roles and functions of families, and in particular
women. In addition, inditutional changes caused by demographic changes (eg. changes in
inheritance laws) are investigated.

The second key eement is socid integration or the concept of ‘linked lives. It closdy
corresponds to cohort effects as used in demography. Important insghts were gained by
comparing and identifying ‘typicd’ life patterns of different cohorts, a method widdly used in
sociology. Rich, new empiricd dudies of variations in life peatterns among different birth
cohorts hel ped to eaborate the multidimensional mode of the human life course.

Individud age is of key importance in dl life-cycde modds, especidly in the psychology
of developmentd stages. Vaious scholars have tried to describe the typicd life cycle that
begins with birth and moves through adolescence, young adulthood, and the middle years to
old age and desth. By moving to a multidimensona mode, the sudy of the life course has
perceivably moved from a tendency to divide the study of development into discrete stages to
the firm recognition that any point in the life span must be viewed dynamicdly. It must be
seen as the consequence of past experience and fiture expectation, as integration of individua
motives and externad condraints. In this way, human agency and individud god orientation
are added to the explanatory framework.

The fourth component of the life course framework was mainly brought in by longitudind
aurveys and associated methods: drategic adaptation or the timing of lives. Timing of live
events can be understood as both passve and active adaptation for reaching individua or
collective gods. By usng duration-dependent rates of changes for characterizing different
persons in a population, and by differentiating between endogenous, exogenous and reciprocal
effects we can distinguish the impact of biologicad change (age grade) from the impact of
socidization and experience (event grade) or culturd and inditutional change (history grade).
Individuds adapt to the chalenges confronting them by timing the events of ther lives 0 as
to make the most of opportunity and suffer the leest frudration and falure. Whaever a
person’'s sociad and culturd heritage, friendships and networks, or persond moetivation, al
come together and are experienced through the individua’s adaptation to concrete Stuations
and events. (Giele 1998; 10)

Description of the life course

While humen lives may be—and actudly ae—described in various ways and
terminologies, one approach increasngly gains importance and dominates life descriptions
from a live course perspective: the description of lives as event higtories. An event is defined
as quditative change thet occurs a a specific point in time and that places an individud in a
new gdatus. Events are trangtions between states such as marriage and divorce that change the
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marital satus of a person. Individuas experience events and organize ther lives around these
events. As Willekens (1999: p 2) dtates, most people spend a consderable part of their life
either preparing for life events or coping with life events.

States and events typicaly belong to different domains or careers, like partnership, job and
educationd careers that interact and influence each other. As a result, people may experience
problems of synchronization and competibility of careers. Many of the resulting problems—
eg. the recondliation of job and family life—are centrd in family dudies. A typicd drategy
to cope with incompatibilities is rescheduling eactivities and events. An example of this
Strategic adaptation is to postpone births.

The collection of al possble states for each career to be conddered in a specific anayss
creates a dtate space that determines al possble trgectories and outcomes of individud live
higories dong with al possble trangtions. Once defined, the description of individud lives
conssts of ‘event history data, i.e. dl events are recorded together with the time they
occurred or dternatively, al dates are recorded by precisdy noting when they began and
when they ended.

The FAMSIM model—to be presented in more detail later in this paper—is based on this
kind of history event data collected in the Family and Fertility Survey (FFS). In this modd,
events belong to four diginguished carers. education, work, partnerships and births. While
the FFS data dlow the generation of individud biographies or event-hidories in a series of
important  family-related events, FAMSIM—and microamulation modes in genera—can be
viewed as a way to predict the future course of individuad biographies. At this point,
microamulation enters the fied, usudly divided into two man traditions data-driven and
context-driven microamulation.

Microsmulation approaches, traditions and models

In this paper, | will use a broad definition of both, smulation and microamulation. In this
way, microamulation covers a broad range of modds, from daic tax benefit modds to
dynamic databased microamulaion and context-driven, agent-based smulaion rooted in the
atificid inteligence gpproach. In line with this broad view, smulaion cannot be exclusvely
envisaged as a technique that, in principle, does not ‘add’ anything to models. This view is
predominantly found in economics and in daadriven miccoamulaion that dealy
distinguishes between the model as such and the technique used to ‘run’ or ‘solve’ the modd.
However, this diginction cannot be made in agent-based smulation where (computer)
amulaion conditutes a paticular type of modding and Smulation sarves not only as
technique to ‘solve’ and ‘run’ amodel, but aso as a method of theory development.

What dl microsmulation gpproaches and traditions have in common is an andyss of the
behavior of a system based on characteridtics of the micro units disinguished in the system.
These are changed or autonomoudy change according to a behaviord modd. The main idea

7
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of microamulation is that the best way to explan processes resulting from the actions and
interactions of a large number of micro units is to look a the micro units and their behavior.
One can expect to find more dable behaviord rdationships on the micro leve than in
aggregated data. These are influenced by dructura changes when the number or size of the
micro units in the population changes, even though the behavior of the individud micro units
and ther individud characterigics do not change. These micro units might be particles
moving in line with probability laws, eg. in fluids or thermodynamics, the fidd where
microamulation was fird introduced. They might dso represent atificia species of ‘atificd
societies as is the case in most agent-based sSmulaions. But they can aso represent
individuas, families or households of empiricd populations, as it is the case in ‘databased’
microamulation.

In ‘databased microamulaion, the man diginction is between datic and dynamic
microamulation models. Both ae based on micro databases usualy <oring detailed
individua, household and (regiond) environmentd dtributes. In economic modding, the
main difference as compared to other kinds of andysis is the way these micro data are used.
They are of centrd importance in tax and benefit andyss, as policies usudly link taxes and
benefits to severa individua and household attributes in a nonlinear fashion. For this reason,
traditiond methods of edimating wefare costs and the didribution of benefits by means of
some aggregate functions are not suitable for thiskind of andyss.

Reduced to its essentids, a microamulation modd suitable for this type of policy
evauations consgts of two parts (Martini 1997):

a basdine daabase a daa st contaning information on individud or
family/household units, in particular socio-demographic characteristics and economic
information that is related to a set of policies.

a st of accounting rules. these are computer language ingructions that produce the
provisons of exiging or dtenative tax and trander sysems or other reevant
inditutiond features for each unit.

In the early days of microsmulation, condructing representative data sets with Al
necessary variables and modeling at least pat of a complex tax-benefit system absorbed dl
the resources. The work caried out by Pechman and Okner (1974) to andyze the
redigributive effects of the US tax system represents the most celebrated example of this type
of research. Generdly, these models can be characterized as gatic, as they work with a given
datasheet of micro data, usng only methods of ‘datic aging by re-weighting the dataset to
mantan representativity for society over time In addition, some microamulation modes
comprise a third component, a set of behaviord rdationships that varies greetly in scope and
importance across models. There are two types of behavior:

behavior that results in events which take place over time, eg. demographic events,
(marriage, divorce, deaths etc.) and economic events (e.g. finding ajob), and

8
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behavior producing feedback of individuas and/or families rescting to changes in
externd circumstances, notably to changesin public policies.

Higtoricdly, microamulation moved from a description of the didributiond impact of the
exiging tax and transfer system to a second stage, in which it became a tool for understanding
the impact of dterndive proposds for reforming exiging systems, with or without accounting
for behavioral response. A more recent example is the andysis of the way the family is trested
in income tax systems across Europe by O'Donoghue and Sutherland (1999). In this study,
different European tax sydems were examined for the UK, usng the tax-benefit
microsmulaion model POLIMOD.

To obviate the limitations of Static models, a second important development led to the
congruction of dynamic modds, which can be used to compare the effects of dterndive
policies many years into the future. The sudy of the evolution of retirement systems, and the
evdudion of dternative arangements to finance public and private penson sysems are
typicd applications of dynamic microsmulation models of this type. Agan, the use of micro-
data is of centrd importance in this kind of detalled andyss. This holds especidly true for the
cdculation of retirement income, where required attributes often not only include the full
individud's contribution history but dso the spouse's history. Examples of existing modes of
this type explicitly designed to study policy options in the fidd of socid security and pension
systems are DESTINIE (Bonnet 1999) developed in France and the Canadian DYNACAN™
modd.

Time is one of the most important concepts in databased dynamic microsmulation and
adds a new dimengon to this kind of andyss, dlowing us to study distributiond aspects of
policies not only a one given moment but aso over time and generations. This way, dynamic
microamulation sSmultaneoudy addresses aggregete, didributive and longitudind  or ‘life
path’ issues, dlowing for a long-teem view. This makes it a powerful and flexible tool
especidly in policy andyss In this type or ‘tradition’ of microamulation, individud
characteristics are changed by a dynamic process generated by a combination of deterministic
and gstochadtic dements. The behaviors of individuds are functions of individud, household
or socio-economic characterigics. They are usudly included in discrete choice models as
independent variadbles or samply as categories used to edimate trangtion matrices that
describe the probability of moving from one date to ancther. This kind of dynamic modding
was firgt introduced in 1956 by Guy Orcutt's DYNASIM (Orcutt 1957) modd for the US. It
was very popular in a vaiety of fidds Its development was supported by the enormous
progress in eectronic sorage capacity, the increasng avalability of longitudind micro —data,
and improved of datidical methods, especidly in the fidd of longitudind research and event
history andysis.

" An annotated list of dl microsmulation projects quoted in this paper is contained in the
Appendix I1.

(e}
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By introducing time, dynamic microamulation permits us to Smulate dynamic feedback
between individud characteristics and those on the population leve. This is explicitly done in
multilevd modds that smultaneoudy handle the micro scde of people and the macro scale d
contexts within one modd. In the multilevd modding technique, each individud evauates
his or her environment as an entity and reects to it, changing the environment by his or her
behavior. In practice, detailled micro-models and macro outcomes are not aways produced in
a sngle modd, but micro-macro links are established in order to connect micro with macro-
models. An example of this gpproach is the Darmstadter Mikro-Makro-Simulator (DMMYS)
that links a micro model of the household and enterprise sector with a macro modd of the
whole economy. This permits us to sudy the feedback between the two levels. Another
method that is widely used (and disputed) are digning techniques that ‘force micro models to
fit to externdly determined macro scenarios.

As mentioned above, this type or tradition of microamulation permits a clear didtinction
between data representing the population, the model that determines behavior, Monte Carlo
amulaion—usudly used to ‘run’” the moded—and the software necessary for the whole
exercise. Micro-econometric and datisticd modds tend to be associated with this type of
microamulation, with behavior usualy beng expressed in trangtion probabilities or duration
times. According to the way of modding time as such, we can diginguish two man
goproaches. (1) the continuous-time competing-risk approach to dynamic microsmulation
modeling, and (2) approaches based on a discrete-time framework. For a comprehensve
comparison of associated datigicd modds, data requirements, necessary  assumptions,
advantages and drawbacks see Galler (1998)

The second microsmulation ‘tradition’ is context-driven microamulation or agent-based
samulaion based on the didributed artificid intdligence approach. Micro units ae
‘intdligent’ and acting agents. They have goas and obey rules. The following features are
typicd for agents

agents have receptors, they get input from the environment
agents have cognitive abilities, beliefs and intentions

agents can follow different rules and decide which rules to follow
agents live in groups of other agents and interact

agents can and do act smultaneoudy

agents can learn

Aget-based smulation differs from data-driven microamulation in two essentid ways
(1) the ‘rules of motion’ or behaviord mode is not based on daisicd modding relying on
empirica data, but works on the basis of rules and ‘intelligent’ behavior, and (2) the pursued
am: context-driven microamulation is not primarily intended to forecast the behavior of
empirical populations. It was designed to study dynamics and patterns of artificid societies
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relting from the interactions of atificid species that follow certain rules By ‘growing
these societies, smulation serves as a tool to develop and test theories that might help to
explan human behavior, because atificid societies might show Smilar behaviord petterns as
empiricd ones.

While both of these ‘traditions or gpproaches have evolved in dmost total ignorance of
each other (Troitzsch 1996; v), both increasingly use each other’s concepts, and a synthesis
might be brought about by combining or permitting various ‘rules of motions and population
types in line with the research questions and gods Defined in this way, microamulation can
be used both for theory testing and for forecasting. It has the potentia to improve the accuracy
of economic forecasting and to provide new ingghtsinto underlying economic principles.

Strengths and advantages of microsmulation models

One of the centrd drengths of microamulation is the fact that it can incdude more
variables than other methods. This is especidly important when it is used as a projection and
planning tool. For example, when trying to estimate such future demands as the one for hedth
care facilities on the bads of populaion projections, a large set of household characteristics
(eg. household sze, family compogtion, age and income) can be included. This feature
diginguishes it from exiding macro-level projections of future population trends. Besdes
bregking down the population by age and sex, such projections can only add a very limited
number of varidbles to the andyds Projections that ae ussful for andyzing different,
population-related socid and economic research must consider additiond dimersions. Some
exanples are education, human capitd development, rurd/urban differences, household
sructures and family networks, which become increesingly important in the context of rgpid
demographic change.

Being basad on micro units, microsmulation avoids bias caused by aggregation, because it
allows us to congtruct the appropriate behaviord models a the levd a which the relevant
decisons are made, i.e. the micro leve. For the same reason, there is no need to tradate
behaviord rdaions teking place a the micro levd to the macro levd. This dso implies that
no informetion is logt through aggregation as it is aways possible to disaggregate both the
model structure and the results that are derived from the modd!.

From a policy-maker's viewpoint, the main drength of microsmulaion is its ability to
provide an anticipatory evauation of certain policies. This permits us to test new policies in a
virtud world to prevent unintended socid Sde effects. In other words, microsmulation alows
to te and fine-tune planned policies or policy changes in a ‘virtud world before introducing
them in red societies The dimensons added to more traditiond policy evauations are the
possibility to address didributional aspects in both a ‘datic’ cross-sectiond way and over
time.

11
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As microamulaion is based on micro data, it dlows flexible aggregation, because the
information may be crosstabulated in any form, while schemes ae predetermined in
aggregate gpproaches. Simulation results can be displayed and accounted smultaneoudy in
various ways, i.e. as aggregate time series, cross-sectiond joint distribution, and person and
family life paths. Flexible aggregation hdps to determine the ‘winners and losers of policy
changes. An example is the posshility to sudy and compare contribution and benefit hitories
over the entire individud lifespan, i.e by cdculating the internd rates of returns of socid
security distributions by age cohorts. In this way, microsmulation can serve as powerful tool
in the study of various aspects regarding population balance. (Lutz, Sanderson 2001)

Usng such multivariate gpproaches as history-event andyss or rule-based behaviora
modds, microamulation lets us study the interaction between varidbles and the life course
interactions between various parald careers and roles (e.g. education, work, partnership and
parenthood) within a changing socio-economic context.

Modeing the behavior of individuas, these micro units may be rearranged to produce
different higher-level population structures. In this way, observations of populations may be
Stuated within the larger context of what could be possble. This gpproach congtructs
aggregates from smple components sdected from a finite repertoire These are combined
according to a sysem of rules While modding tekes place on the individud levd,
microamulaion adlows us to dudy the processes reaulting from the interaction between the
micro units. In addition, microamulaion can be used to determine the contribution of
individua processes to the complex dynamics and peatterns of changes on the macro leve.
Usng models to compose complex processes from smple ones has been termed ‘theoretica
modding’ (Burch, 1999, p. 4) as opposed to ‘empiricd modding’, which works with a
specific data set. The empirical, ‘data-based’ tradition mainly uses the posshility to sudy the
interaction between individuas by microsmulation to study changes in family and kinship
networks. Direct applications can be found in the fidd of ederly care and other aspects of
ageing societies, where the knowledge of the detalled household and family characteridtics
conditutes a vauable source of information for policy design. The knowledge of kinship-
patterns aso permits us to study intergenerationa transfers and bequests in detail.

The potentid to handle large Sate spaces offers the possihility to include not only a wider
st of individud characterisics and categories, but aso spatid and other  environmenta
characteridics. This dlows detaled modding and the dudy of the interaction between
individuds and the environment. The sudy of these interactions is of key importance in most
agent-based and multilevel microamulation models.

When gochadtic dements —(i.e. Monte Carlo smulaion) are incdluded in microamulation,
the outcome differs for each amulation experiment. This permits us to explore the distribution
of events rather than making point —edtimates. Consequently, uncertainty and risk are
represented more adequately. Considering dl the advantages outlined above, it does not come
as a urprise that they are in high demand, in particular as policy researchers have no
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dternative modeling strategy to address a series of related, critical policy and research issues.
Cddwell and Morrison (2000) give the following examples:

andyzing projected winners and losers on a period- specific or lifetime basis
amultaneous andyds of families and individuds

exploring the way socid security programs work a the micro-levd in the context of
the broader tax/transfer system

quantifying incentives to work, save, or retire & paticular life course or period
junctures

cross-subsidies across population segments or cohorts
feedback effects of government programs on population demographics, and
longer-term consequences of socid trends in marriage, divorce and fertility.

Responding to the demands associated with prospective socid security and welfare reform
in the context of demogrephic change, decison-makers of various countries —(among them
the US, Canada, France, Norway, The Netherlands, Germany, Sweden and Austrdia) have
dated to use dynamic microsmulation models to supply key-policy inputs. Prominent
examples of microamulaion modds used in the fidd of policy research are CORSIM in the
US, DYNACAN in Canada and DESTINIE in France, MOSART in Norway, NEDYMAS in
the Netherlands, SVERIGE in Sweden (Vencatasawmy 1999) and DYNAMOD in Audrdia

13
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I1. Technical approachesto microsmulation

Microsmulaion uses a wide variety of datigicd and econometric methods. This section
will fird give an overview of the mos common methods and then focus on methods mainly
used in discrete time microsmulation models relying on longitudina event data.

Discrete and continuous time approaches to dynamic microsmulation

In generd, two types of modd Sructures are used: The first type comprises continuous
time modds that focus on the ‘red’ duration between trangtions. Beginning a a fixed garting
point, a random process generates events that can take place a any point of time throughout
the smulated period. This process is based on a probability dendty function determined by an
empirica digribution within every cohort. It may adso be based on a st of explanatory
vaiables that were identified by sdected regresson techniques. The event occurring next to
the gtarting point is then smulated. The point of time a which this event happens becomes the
new dgarting point. The procedure is repested until the event ‘desth’ of the smulated
individua occurs.

The second type of discrete time models determines the dates and trangtions for every
time period, while disregarding the exact points of time within the intervd. Trangtions are
usudly modeed as probabilities conditiond on the previous date (univarite form) or as
probabilities related to the previous date(s), to exogenous variables and the (quas absolute)
time index, as well the state durations and repetitions. Instead of taking State durations from a
continuous  digribution function determining when an event happens and a new dae is
reached, a Bernoulli digtribution is employed to determine whether a certain event takes place
within the smulated period. Events are assumed to hagppen just once in a time period. Some
atention should be drawn to the fact that, in redity, severa events can take place within one
discrete time period, but just one event can be recorded. To solve this problem, ether every
possible combination and successon of events within a time period has to be asigned to an
atificia event and its conditiona probability has to be computed from the probabilities of the
dementary events, or an exclusve competing risk model has to be employed. If an exclusve
competing risk gpproach is used within a discrete-time modd, the probabilities for trangtions
are caculated for every period, and trangtions with a probability below the specified criticd
rate ae diminaed. Then the sequence of the remaning trangtions is generated ether
randomly or following a predefined order. Subsequently, the firg trangtion is chosen, Al
other possble trangtions for that period are diminated. Other trangitions may be disregarded
or be shifted to the next or previous period, where no event has taken place. The chance of
finding a‘free period among the calculated periods increases with shorter intervals.

From a theoretical point of view, continuous modds are more efficient, because they are
more draghtforward in handling competing risks  When introducing time-dependent
14
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covariates (e.g. stock variables — aggregated deposits and loans — or flow varigbles — annud
income and consumption), these agpparently managesble modds become quite difficult to
handle. Moreover, when compared with discrete time models, the data requirements are huge.
For this reason, discrete time Structures are often a favored option.

Open and closed populations and samples

In a closed population, interactions can only take place between the agents beonging to
the monitored population. The population merely changes by births and desths of agents. In
an open population, the interaction range is extended to agents belonging to other groups. The
monitored population aso changes due to migration.

While the theoreticd formulation is quite clear, this canot be sad regarding some
practicd implications for microamulation (Imulating samples rather than  whole
populations). When modding MSMs on a cosed sample, dl interactions (especidly such
processes as partner matching) can only happen within the sample. Agents from ouside the
sample who interact with individuds within the dataset have to be crested atificidly. As in
the case of immigrants within the whole population, these agents have to be created ‘ex
nihilo. To do s0, we need a least the characteristics required to smulate the sampled
individuas. If the interaction with a sampled person tekes place for a longer interval, eg.
marriage, these outdders should be included in the sample, and dl characteristics of the
smulated agents have to be imputed.

Surveys and data used as sourcesfor MSMs

The data sources used for MSMs may be of various kinds. A rich database is needed for
rasng the dating population; some information from other sources can be implemented
while formulating and executing the MSMs,

L ongitudinal surveys

In MSMs, (quas)longitudina data are essentid for building the starting population and for
determining the parameters used in the behaviora equations for one sample. However, severd
caveats need to be consdered. When usng household panels, it should be noted that the
sample of reporting households changes over time. This does not matter in the macro view,
but is detrimenta to the formulation of behaviord eguations in microamulaion. If household
A (that reported for some 10 years) is replaced by household B (whose characteristics are
manly comparable), the smulation is reduced to the comparative characterigics. In the long
run, this gradudly reduces the advantages of microsmulation as compared to usud macro
smulation methods.

In generd, the registry data presumably avalable for every individud (eg. socid security
data) are good and reliable data sources. As these data sources tend to be exclusvdy used by
adminigrative authorities, research inditutes can often just use published parts of the exiging

information to impute missng data The man question here is whether or not the information
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can be linked. In many countries, the data protection laws even forbid different administrative
authorities to make such a connection. If the registry data can be connected to the surveyed
persons’househol ds, these data sources can be quite useful.

A vey interesting data source is generated by retrogpective history event surveys. It
should dways be kept in mind that the data obtained from this kind of surveys are subject to
individua preferences. Event X3 in state Y; can be viewed as very important for individua A
but irrdlevant for individud A,. Thus, it will be reported by A, but perhagps not mentioned by
A. The obtained data are based on a rather subjective point of view. These mnemonic-
censored data produce effects comparable to those created by quantitatively censored data, but
the causes of the truncation by memory are much more dverse. Besides, only few gpproaches
for handling these truncations have been devdoped so far. The man events of life higory
(eg. marriages, childbearing, firg autonomous change of resdence etc.) ae less subjective.
Within higory event data, one crucid weskness arises. life history data are per se censored by
the survivors. Disregarding this fact, this may give rise to some biased inferences. The lagt
trangtions a the end of a life are usudly not represented adequately within history events
data.

Cross-sectional surveys

Longitudind surveys usudly have few vaiables within the data set; cross-sectiond data
are commonly used to compensate this fact. Cross-sectiond surveys have little relevance as
sole data source of a MSMs project. However, cross-sectiona data from speddized surveys
and micro census surveys may be used to fill in information gaps regarding severa exogenous
vaiables. Additiondly, the information contained in the general census conditutes the bass
for extrapolating the MS reaults to the whole population and for condructing the darting
population of MSMs.

Aggregated Data
In muitivariate MSMs, severd macro variables have to be used as exogenous variables in

order to compensate for the lack of representativity of the modd dructure. For example, if the
MSMs smulate the labor supply of households, certain influences governing the demand of
labor cannot be smulated. For this reason, such macro variables as the (lagged) consumer
demand, shifts in investment and interest rates, variations in net export, seasond variations
efc. can serve as controls for changesin the demand of labor in the repective industries.
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M oddling state durations and transitions

State durations and trandtion probabilities are generated from existing data and/or follow
general assumptions. Once the probabilities and the sequence of dl trangtions treated within
the MSMs have been dated, the date durations can be smulated usng Monte Carlo
procedures.

Describing transitions and dur ations of states
Duration models describe the probability of the lengths of defined Sates The quit rate
describes the probability of a trandtion that changes the state within the time interva (resp.

before the end of theinterval t,)

[0.1] q(t) =Pr(t<t,) =F(to);ql (01),
while the survivor rate describes the opposte probability of maintaining the state for the same
time span

[0.2] s(t) =Pr(t > t,) =1- q(t,) =1- F(t,);s1 (0;)
The conditiona survivor rate describes the probability of remaining in a certain sate for more
then t, + Dt .
1- F(t,+Dt)

1- F(to)

Findly, the most important datistic in MSMs, i.e. the hazard rate, describes the conditiona

probability of quitting a dtate in which the monitored person has been for a certan time
interval.

[0.3] s(t,ty) =Pr(t, + D <t|t>1t,)=

h(t) = lim—=Pr(t+ Dt >t | t> t.) = lim— D> 1)
e 0 Dt neoDt  Pr(t>t,)

h(t) = Iimi Ft+Dt)- F(t) _ f(t) _ d(in(1- F(t))
oeoDt  1- F(t) 1- F(t) dt
The hazard rate can be used to comprehensvely describe the digtribution of the lifespan
within a gate (§T)) and the falure dengty (f(T)). Therefore, it is a mogst suitable key eement
for calculaing essentia probability measures.

[0.4]

In(1- F(T)) =- tc‘j‘l(T)dT;T:= T[t,,t]
[0.5] §(T) =1- F(T)= exp(- u(T)dT)

f(T) =s(T)h(T) = h(T)exp(- GU(T)dT)
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Commonly used distributionsfor outlining the hazard

The hazard is empirically determined by severd techniques. In most cases, the cdculated
hazard rates are inaufficient and often biased for cdculating al hazard rates over the
maximum time span of a dae Indead, some sandardized digtribution functions are used to
decribe the entire path of the hazard or the survivor function respectively. The two functions
most frequently cited in literature ae the exponentid didribution and the Webull
digribution.

The exponentid distribution can be used for modding the lifepan of systems that do not
age. Of course, the individuds modeled within MSMs are subject to an ageing process, but
there are some trandtions that clearly do not depend on the age of the individud or the
duration of the current state. The amplest form of the exponentia function is characterized by
adistribution function

[0.6] F(t) =1- exp(-1t) =q(t)
or adengty function [0.7] f (t) =1 exp(-1t).

Asthetota aswdl asthe conditiond survivor rateis

[0.8] s(t) =s(t,ty) =exp(-1 1),
the hazard rate remains constant at
[0.9] h(t) =1 exp(- I t)/(exp(- I t)) =1 .

An example of a congtant hazard is the congtant radiaion risk of people living close to a
nuclear power plant. The constant hazard and the expected value (E(t) =1/1 ), variance
(Var(t) =1/12), median (In2/1 ), skewness (2) and kurtoss (6) are essentid advantages
when implementing this didribution function. Therefore, it is commonly used in amulation

dudies containing vaiables with assumed time independence. An EX(l )-distributed random
vaidble (X) can be smulated directly and eadly from a random vaiable with an equd
digtribution (U)

[0.10] X =- lilnu;ui [0:1] .

Of coursg, it is not redidic to assume a condant hazard for most dates. In fact, the
exponentia  didtribution function is a subtype of the Weibull digribution function, where the
hazard changes monotonoudy over time. A vaiable (t; t0) is Waebull-digributed, if

at® ~ Ex(1), so the distribution function can be stated as
[0.11] F(t) =1- exp(-at®),
the dengity function as
[0.12] f (t) =abt"exp(-at®).
The surviva probability
[0.13] s(t) =Pr(t > t,) =1- F(t) =exp(- at®)
and the conditiond survival probability
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[0.14]

1- F(t) _ exp(-alte+Dy°) _
1- F(t,) exp(- at’)
show a direct time dependency. The hazard rate [0.15] h(t) =abt®?® is a function

S(t,t,) =Pr(t, + Dt <t|t>t;) = exp(- a((t, + DY)° - 13)

monotonoudy increasng or decreasng with time, depending on whether b >1or b <1. For
b =1, the Webull digribution is equivdent to an exponentiad digribution where | © a . For
1<b<2, the hazard function exhibits a concave growth. If b>2, the hazard accelerates

continuoudy, with b = 2 it acquires the property of a linearly increasng hazard. Combined
with aMonte Carlo varidble (U), aWelbull-distributed variable is cdculated as follows:

[0.16] X = exp(iln(- iInU)) .
b a

More sophisticated digtributions, for example a Weibull-like digtribution where a = a (t), can
exhibit a hump-shaped or ushaped hazard curve, corresponding to risk €ts often doserved in
micro data. Of course the Welbull-digribution can aso depend on other varigbles than time

a=a(x).a=a(x)

Regression modelsfor estimating transition probabilities

PROBIT and LOGIT regressons as wdl as multiplicative hazard modds have been
devel oped to estimate the hazard of binomia or multinomia outcomes. When calculating

[0.17] h(t) = a+bx +b,x(t)
we are faced with the problem that the right hand sde of the equation normaly exceeds the
[0;1] intervd. Some monotone transformation is necessary in order to day within the
limitaions of a probability messure. Assuming a logigic didribution of the exogenous
vaiables, the LOGIT transformation smply computes the log of the reation of probability
and counter-probability of an event. The LOGIT vaue for h(t) is defined as

[0.18] In(h(t) /(- (1)) = a+bx, +b,x,(1),
thus both sdes can vary between (- ¥;¥). In case the hazard rate varies autonomoudy over
time, the LOGIT equation merely has to be expanded to

[0.19] In(h(t) [(L- h(1)) = a(t) +byx, +b,%, (1)

Assuming a cumulaive norma didribution of the exogenous vaiables the PROBIT
transformation calculates the standardized cumulative normd digtribution

z

1 t
0.20 Pr. = F(Z.) = —— cexp(- (t2/2)dt , so th
[0.20] . =F(Z) @_gxp((t )dt , so that
[0.21] Z, = F(Pr) =a+b,x +b,x().

In a multiplicative hazard modd, the duration model considers the fact that the calculated
random vaiable is typicdly an dement of a life-cycle process in which severd events can

19



Family Microsimulation — Working Paper 11 OJ[

occur. The (log) hazard for switching from dtate j to state k conssts of a ‘basdine hazard a, a
st of exogenous influences x, the duration in the current sate H and unmeasured
heterogeneity that may aso depend on state spdls, age, etc.

[0.22] Inh, (t) =a, () +b;x +c, H +d, z

Severd regresson techniques developed within the field of econometry may aso be used
in MSMs. OLS and GLS regressons are usudly suitable for estimating continuous outcomes.
For extrgpolation with seasonal decompostion, ARMA and ARIMA methods may be used.
2SLS and 3SLS instrumentad varigbles techniques can be used to take into account hidden
exogenous variables.

Cohort-component methods

Besdes dl methods designed to etimate the survival within a date, cohorts are often
predefined by a group of such basic variables (X) as age group, sex, education and socid
datus. A specific state duration (Sjkm) IS caculated for every combination of the varigbles
(Xijk) within an observed date (ym). Then the derived hazards (hjum) are inserted for every
agent growing into this cohort (Gjk) and being within the state (m) in each smulated period.
This procedure does not require any assumptions concerning the specific form of the
probability distribution. However, some caution is advisable. Firg of dl, the states have to be
described rather exactly in order to identify redigtic duration probabilities. In the cohort-
component goproach, even the main cohorts (in this example gender (i), 5year age groups (j),
educationd leve (k) and socid datus () yiedd an i j "k’ |-gpace measuring 2° 20" 6° 5 or
1200 cdlg). This involves a large amount of data Moreover, these cohorts have to be
multiplied by dl possble sates Some of the created subgroups are very likey to be
underrepresented within the data, so these cdls are initidly left blank. Their hazard has to be
interpolated or copied from comparable states of the cohort(s) in the state. With a predefined
set of cohort-building varigbles, a cohort-component approach for caculating the hazards
soon loses its straightforwardness. Moreover, a very broad sample is needed to be able to
estimate trangtion probabilities.

Generding cohorts diginguished by a predefined group of varidbles quickly crestes
extremdy large numbers of cdls Ingdead, multivariate discriminant andyss procedures
identifying ggnificant differences between groups can be established. In this way, dmost
identica groups that were separated in a common cohort-component procedure can be kept
within one cohort. Thisleads to a sustainable reduction in the number of cdls.

Statistical matching

Besdes the techniques taken from classcd econometry and biometry, additiond means
have been developed by MSMs. Firg of dl, there is the method of datisticd matching. The
idea is to find a donor of data within the sample of observation. The characteridtics of this
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donor should be similar, close to or complementary to a receiving unit. Once a donor has been
identified, the required information can be imputed from the donor’ s dataset to the receiver’s.

If only a few data of a varidble are missing, they can be supplemented using standardized
imputation procedures. However, more sophisticated procedures have to be employed to
subdtitute missng or mogly unfilled varigbles. In some cases, an ingrumentd variable can be
recreated by computing it with parameters found for regressons in other datasets. As
mentioned above, another widely used method is the creation of classified medians of cohorts.
It is rather smple to calculate medians or averages of cohorts defined as classes with the same
vaue for such varidbles as age, gender and family income cohorts, but identifying the best
regresson is more difficult. Nevertheless, the regresson gpproach is often favored because of
its accurateness. Similar to the regresson techniques described above, multinomia LOGIT
edimators are commonly used to determine imputed vaues of vaiables that may have more
than two values.

In addition, some variables can be used to match individuas of the smulated population,
eg. identifying partners, raising families, etc. Moreover, observed behaviors of people can be
copied to those maiched with the observed. Differently to other prediction methods, no further
assumptions regarding the underlying distributions of the used variables are needed.

The atificid cregtion of agents interacting in MSMs contains al steps described above.
Firg, the new agent ‘inherits the man characterisics from a donor's datasst. Then higher
missing varigbles are imputed by inserting the cohort median or caculaing the regressions for
imputation. Then the life path and the interactions with existing agents are Smul ated.

Especidly in micro surveys, the most prevadent data problem is that the heterogeneity
assumed and observed afterwards does not fully correspond to red heterogeneity. For
example, some job search theories imply that the hazard rate for finding a new job decreases
with the length of unemployment due to the ‘hydteriss-property’ of labor markets. This
concluson can be drawn from a macro perspective. However, when sudying individud
properties and behavior, some additional caution has to be exercised. The macro statement
does not consder that individuas with a high hazard rate drop out of the observed sanple
soon. As time goes by, this sdection process yields risk sets that contain individuals with
predominantly low risks. For this reason, it is extremey difficult to distinguish a hazard rate
decreasing over time from other dructura effects. The only way to handle these sources of
unobserved heterogeneity is to try to incorporate additional indicators of this heterogenety
into the modd. This may require the imputation of additiona variables.

When dmulating the behavior of agents bassd on commonly used datic cohort
discriminants, bdiefs, opinions, atitudes and life (segment) concepts may be important
sources of unobserved heterogeneity. Introducing discriminant andyss regarding  these
variables, agents can be assgned to dynamic groups of people with smilar goads and attitudes
and hence gmilar behaviors. In the smulaton, the discriminant is kept while group
membership of people is checked dynamicdly. This way, it is possble to sudy additiond
dynamics that remain hidden if only conventiona, state-based discriminants are used.
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[11. The FAMSIM prototype

FAMSIM —(an acronym for dynamic ‘Family Microamulaion’) was developed within the
framework of a feasbility study conducted to eaborate a dynamic microasmulation model
permitting projections and the evauation of family policies The sudy was carried out by the
Augrian Inditute for Family Studies (OIF) in collaboration with the Internationa Indtitute for
Applied Sysems Analyss I1ASA.

FAMSIM is based on femde biographies collected in the Family and Fertility Survey
(FFS), a sandardized survey avallable for more than 20 countries. The FAMSIM feashility
sudy included the development of a mode prototype mainly covering demographic behavior
aswell as school and work histories (Lutz 1997, Spielauer 2000).

The idea to produce this family microamulation mode was cdosdy comected with the
planning and implementation of the Audrian Family and Fertility Survey (FFS) that was
carried out by the Audrian Inditute for Family Studies in 1995-1996. (Dobelhammer 1997)
What makes this project unique is the fact that the FFS retrospective event history data are
avalable for more than 20 countries in a dandardized way. This dlows for internationd
compardive dudies and subgtantidly extends the applicability and opportunities of the
microamulation project. This fact dso proved to be of interest to the European Commission,
which decided to cosponsor the development of a prototype modd that was finished in 1997.

In 1999, the prototype mode was adapted for use in Sweden in collaboration with the
Spatid Modding Center in Kiruna, Sweden, and the FAMSIM software to run the model was
developed. In the following year, Belgian, Itdian and Spanish FFS data were processed in
order to estimate the modd parameters for these additional countries. While FFS data enable
us to generate individud biographies or event higtories in a series of important family-related
events, FAMSIM can be viewed as a way to continue (or smulate) dl of the biographies that
were recorded in the FFS but were truncated in the interview.

The following teble gives an overview of al FFS data that are currently avalable. The
typicd female sample sze is around 4,200. Data differ in the age span of respondents as well
as in the year in which the survey was conducted. Meanwhile, a second round of the survey is
planned for various countries, and additional countries are expected to join the group of FFS
countries.
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Women Men Time of interview Age group
Austria 4500 1500 12/95-5/96 20-54
Belgium 3000 2000 3/91-9/91 20-40
Canada 7500 6000 1/90-3/90 1554
Estonia 5000 - 1/94-8/94 20-69
Finland 4000 2000 8/98-1/90 22-51
France 3000 2000 3/94-4/94 20-49
Germany 6000 4000 7/92-8/92 20-39
Holland 5100 3800 2/93-3/93 18-42
Hungary 4000 2000 11/92-12/93 1841
Italy 4800 1200 11/95-2/96 20-49
Latvia 2700 1500 9/95-10/95 18-49
Lithuania 3000 2000 10/94-11/95 18-50
New Zealand 3000 - 10/95-10/95 20-59
Norway 5000 2000 10/88-5-89 20-43
Poland 4500 4000 11/91-12/91 18-49
Slovenia 2800 1800 12/94-12/95 1545
Spain 4000 2000 8/94-12/94 18-49
Sweden 4200 2300 10/92-5/93 22-44
Switzerland 4200 2000 10/94-5/95 20-49
USA 10500 - 1/95-10/95 1544

The main purpose of the survey was to collect detalled data concerning the current familid
living conditions and the biogrgphies of adults, with a focus on patnerships births, work
experience and education. The FFS was designed to complement exiging officid datigtics. In
many countries, it was the fird source providing information on biogrgphicd interactions
between education, work experience, cohabitation, fertility and living arangements. At the
internationd leve, the FFS is coordinated internationdly by the Population Activities Unit
(PAU) of the Economic Commission for Europe (UN/ECE).

Characteristicsof FAMSIM*

As mentioned above, the FAMSIM prototype contans very limited economic
characterigics and no policy variaddles. Therefore this mode manly serves as demographic
module or initid building block of future deveopments that will incorporate various
additiona characteristics in order to become an appropriate modd for policy evauations.

! For an extensive description of the model please see the feasibility study as published in Lutz (1997).
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Some extensions to the modd envisaged for the next step of model development are presented
in the last chapter of this paper.

The data bass of the FAMSIM project are the female event histories generated from
FFS data. Therefore, the dmulated micro units are exclusvely women. All other
persons in the family aong with rdevant household characteristics are attached to the
female data-records as attributes.

FAMSIM is a discrete time modd with ‘aypicdly’ smdl time units (months) to avoid
that more than one event happens in one time unit. For a discusson of how to ded
with time — continuous vs. discrete and the selection of time units— see Galler (1997).

The history events that are congdered are the beginning ad end of different kinds of
partnerships, school enrolment, pad work and the beginning of pregnancy followed by
births. The modd deds with two types of trandtions: those with a binary outcome and
those with a three-category outcome. The trangtions are determined by a logidic
expression representing the probability that a variable changes its dae in a secific
smulation period.

The life histories generated from the questionnaire dart a the women's 15th birthdays.
The characteridtics of children younger than 15 are implemented as attributes of the
mother. When they turnl5, they enter the Smulation as a micro unit in its own right.

FAMSIM is a ‘sdf reproducing model. The ‘open architecture permits the creation
of additiond (virtud) individuds, e.g. births.

While FFS-data are indispensable for estimating the behavioral equations based on event
hisory data, the starting population can aso be generated from other sources (eg. ECHP
data), provided the necessary variables are known. To make the modd suitable for policy
evauations, economic characteristics will have to be imputed from other data sources and
different data sources will have to be matched.

Variables and transtions

The base of FAMSIM is a logigtic regresson model of 13 behaviord equations used to
edimae the probabilities for the following trangtions. A summary of edimation results for
five countries can be found in the appendix; for full statistical output see Spidlauer (2000).

Trangtions with binary outcomes (yes/no):

beginning of pregnancy followed by hbirth (trangtion probabilities for first, second,
third and further births are estimated separately)

beginning of school enrolment
end of school enrolment
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beginning of paid work

end of paid work

end of marriage

Trangtions with 3-category outcomes (a/b/none):

exiting sngle daus.
exiting cohabitation Satus:

(& sngleto cohabitation (b) sngleto marriage

(a) cohabitation to marriage  (b) cohabitation to single

The FAMSIM-prototype is based on a set of 12 dtatus variables. All variables are derived

AGE
AGESQU
COHAB
TOTCOH
MARRY
TOTMAR
SCHOOL
TOTSCH
WORK
TOTWORK
LTREND
BINT1324
BINT2536
BINT37P
PARITY1
PARITY2
PARITY2P
PARITY3P
PARITY4
PARITY5P
PGDUR13
PGDUR46

from this set. The following table contans a complete lig of used variables. (D) indicates
dummy variables.

Ageinmonths/ 12

AGE*AGE

(D) Living in non-marital cohabitation

Number of non-married monthsin current partnership / 12
(D) MARRIED

Number of married monthsin current partnership / 12
(D) enrolled in school

total months of education since 15th birthday / 12
(D) paid work

total months working / 12

Logarithm of time in months/12 since 1940

(D) 13-24 months after last birth

(D) 25-36 months after last birth

(D) more than 36 months &fter last birth

(D) one child

(D) two children

(D) two and more children

(D) three and more children

(D) four children

(D) five and more children

(D) in firgt three months of pregnancy

(D) in fourth to sixth month of pregnancy
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PGDUR79 (D) in saventh to ninth month of pregnancy
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The FAMSIM Software
The FAMSIM <oftware was developed as an integrated microsmulation tool supporting
al steps of the microsmulation process:
conversion of FFS survey data to monthly event histories
generation of the starting population
execution of microsimulation experiments under various scenarios
graphic and spreadsheet output of event histories and smulation results

The following diagram summarizes the 'microamulation procedure and the features of
the microgmulation software (dark boxes).

Input file generated Graphic output of
from FFS data Conversion of input individual event
file to monthly event histories
histories

Event history file as
input for statistical
software

Generation of the
starting population
from FFS women and
their reported children. Estimation of

Process includes parameters of
simulation of histories FAMSIM model
from reported children

older than 14.

v

Starting population file Parameterfile
generated from
estimation results.

SIMULATION

Graphic output: age Summary tables for all Full output of the
pyramids for all simulated years simulated population
simulated years for each year
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In order to be able to estimate the behaviord equations, the event histories of dl individuds in
the sample have to be generated on a monthly basis. For this purpose, the computer software
aso converts FFS data to the files used for the econometric estimation of the 13 behaviord
equations. The output file contains a minimum of 54 variadles that cover the FAMSIM
prototype model and fully describe al dtates and trandtions. Additiondly, variables for time-
invariant personal atributes can be added, eg. the number of sblings. For the typicad FFS
sample sze of around 4,500 women, more than a million of monthly data records are
generated. As a byproduct, the event higories of al individuds of the survey can be graphed
on a monthly bass and the program alows to 'browse through' these graphs as displayed in
the fallowing figure.

e B Py B | Lo v | vy Py | Pl i Pomp Bowha | ALTC-FA 3

) SR [ Thle) G

R |

Deapiopy apni Hormrp

Parallel biographies (example) asrecorded in the FFS data

The output file(s) generated by the software can be read in by any dHetidical software
package that can estimate logistic regressons. The estimated parameters of the 13 regresson
equations ae then read by the computer program. If needed, they can be manudly
manipulated before running the smulation.

Stating populations are generated directly from the FFS survey. A number of problems
had to be solved, especidly regarding weighting. In the Audrian sample, women with
children are overrepresented and the age dructure is distorted when using one-year age
groups. New weights were cadculated to make the sample representative regarding parity and
age. The automated generation of the starting population is a part of the software package.
The children in the dating sample are generated from the information provided by ther
mathersin the sample. In this respect, two problems had to be solved:

Firg, as only women between 20 and 54 years were interviewed, no information was
avalable from persons under 20 with mothers older than 54 years. As such people conditute
only a smdl proportion among children and teenagers, the problem was solved by re-
weighting. The second problem was aso connected with the limited age span of the
respondents (starting a the age of 20, while smulation (and detalled life higtories) gtarts a the
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age of 15). This problem was solved by smulating the life higtories of teenage girls from 15—
19, beginning a their 15th birthday until ther current age, usng the dgorithm that was
goplied to dl individudsin the main smulation process.

As an additiond feature of the program, a Census-like output can be generated and
exported, in the form of an Excd-spreadshet, for the sarting population or any simulated
population. This output file can then be imported to datistical packages for more detailed
descriptive and other anayses.

The next dep is the actud dmulation, beginning with the darting populaion and
continuing the individud life higories by Monte Calo smulation on a monthly bass For
evary peiod and individud, the probability of the different gpplicable events is calculated
from the logigic expressons. The probabilities of trangtions with binary outcomes are
cdculated using the formula:

e

[3.1] P=Trenn

Trangtions with three- category outcomes are based on the formula:

eBliXi B eBziXi
P, = By %
1+e%* +eP

[3.2] P,

= 1+ eBilxt + eBZixi
B; represents the estimated logits and X stands for the variables used in the equation.

A dmulation run typicaly comprises 50 years, but any other number can be sdected in the
programn. The smulation result is summarized in tables describing the compostion of the
virtud society in age groups of three years. The output contains the total number of
individuas by different living arangements and by number of children as wel as fertility
rates and number of births. Tables are produced on a yearly bass showing the smulation
result for every Smulated year.

Smulation results can be visudized as dynamic age pyramids, depicting such results as
the age-specific compodtion of the dmulaed society by living arangement for every
smulated year and dlowing to ‘browse through time. The fallowing figure displays a typica
graphic dmulation output.
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Projected age pyramid by living arrangement: single, unmarried cohabitation,
marriage
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Estimation results: Examples

This section illudrates the estimation results for some of the 13 logidic regressons. To
visudize the results, example life courses are used and the changing risks are caculated for
these examples on a monthly bads. These example life coursess were sdected for
demongtrative use only and should not be taken as 'representative life courses. Risk patterns
were caculated for Audria, Belgium, Itdy, Spain and Sweden and can be compared in the

following graphs.

First pregnancy leading to birth

The following figure shows the monthly risk of a firg pregnancy for a woman finishing
education and gstarting to work at age 24, who lives in unmarried cohabitation from age 23 to
25, followed by marriage to her partner. At the age of 30, this marriage is dissolved and the
woman remains sngle for two years. Then she once more lives in unmarried cohebitation
until she marries for the second time at the age of 34.
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FIRST PREGNANCY[MONTHLY RISK]

w—AUSTRIA SCHOOL TO 24, WORK FROM 24
2.50% +— [ UNMARRIED COHABITATION 23-25 FOLLOWED BY MARRIAGE 25-30
—BELGIUM Y UNMARRIED COHABITATION 32-34 FOLLOWED BY MARRIAGE FROM 34

ITALY
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MONTHLY RISK

Risk of first pregnancy for an examplelife course

Risk peterns differ ggnificantly for the 5 countries, with Itdy showing the highest risk in
phases of unmarried cohabitation, while mariage and having children “goes together” to a
much higher extent in both Sweden and Itay. It should be noted that marriage is highly
‘selectiveé in Sweden where 50% of the children are born out of wedlock, while unmarried
cohabitation is 4ill a rather uncommon living arangement in Itdy, with fertility peiterns
much closer to that of married couples than in other countries. Comparing the first and second
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mariage, the pregnancy risk remans high in Sweden, Ity and Spain, being about 75%
higher than in Audria and Belgium. In contrast, the pregnancy risk in phases of not living
together with a partner is dmost three times higher in Audtria than in the other countries.

For this life course, probabilities of daying childless differ consderably between the five
countries, with Sweden and Itdy having the lowest risk (about 11%), followed by Spain
(@mogt 17%) and Austria (dightly below 20%). In Belgium, there is risk of around 28% that
a woman remains childless. In dl likelihood, this figure is the result of projecting a short time
trend in a rather unredigic way. Note that the survival curves for remaining childess are
cdculated for women currently aged 15, based on the assumption of fertility trends as
estimated from the data.
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CHILDLESSNESS [SURVIVAL]
90% 1 3 SCHOOL TO 24, WORK FROM 24
UNMARRIED COHABITATION 23-25 FOLLOWED BY MARRIAGE 25-30
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Survival of staying childlessfor an example life cour se

Second pregnancy leading to birth

The following figure shows the monthly risk of a second pregnancy for a woman finishing
education and darting to work a age 24, who lives in unmarried cohabitation from age 2 to
25, followed by marriage to her partner and getting pregnant for the first time at age 25. At
the age of 30, this marriage is dissolved and the woman remains single for two years. Then
she once more lives in unmarried @habitation until she marries for the second time at the age
of 34.
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Risk of second pregnancy for an examplelife cour se

Regarding second pregnancy, differences between the countries are more evident than for
firsd pregnancies. Monthly risks are up to 5 times higher in Sweden than in other countries.
Although marriage is highly ‘sdective in Sweden and tends to be a living arangement
usudly associated with having or planning more than one child, this result is quite unredigtic.
In fact, it shows one of the man weseknesses of the modd, namey the incluson of (the
logarithm of) cdendar time as explanatory variable. In the years before the Swedish FFS
survey was conducted — 1992 — Sweden experienced a Sgnificant change in the timing of
second and following births due to policy changes (Kohler 1999). This is interpreted as a
guantum effect in the modd, and the trend is continued over time, leading to this biased result
in the reference year (2000) of the cdculation. Data-related problems might dso explain the
Begian pattern, in paticular as the esimation of the modd for Belgium is based on data that
are four years older than the ones used in the remaining countries.

The probability of having a second child in the second marriage is lowest in Austria, while
rnk levels genadly double for Audria Span and Itdy when the woman gets married the
second time, as compared to the preceding unmarried cohabitation.

Third pregnancy leading to birth

The following figure shows the monthly risk for a third pregnancy for a woman finishing
education and darting to work at age 24, who lives in unmaried cohabitation from age 23 to
25, followed by marriage to her partner and getting pregnant for the first time a age 25, and
for the second time at age 27. At the age of 30, this marriage is dissolved; the woman remains
sngle for two years. Then she once more lives in unmarried cohabitation until she marries for
the second time at the age of 34.
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Risk of third pregnancy for an examplelife course

Pregnancy risks are only displayed for Austrig, Itdy and Spain, as the results for Belgium
and Sweden are unredigtic for the reasons mentioned above. Interestingly enough, the second
marriage dfter two years of cohabitation has no impact on fertility levels regarding third births
in Audria, and only a rather smdl postive effect in Spain, which is levded out by a faster
decrease of risk after marriage. This pattern can dso be found with fourth pregnancies under
Smilar circumstances, as can be seen below.

Fourth and further pregnanciesleading to birth

The following figure shows the monthly risk for a fourth and further pregnancies for a
woman finishing education and dating to work a age 24, who lives in unmarried
cohabitation from age 23 to 25, followed by the marriage to her partner a age 25. She
conceives her first child at age 23, the second at age 25 and the third at age 27. At the age of
30, this marriage is dissolved, and the woman remains sngle for two years. Then lives in
unmarried cohabitation until her second marriage at age 34.
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Risk of fourth and further pregnanciesfor an example life course

Also in this case, monthly pregnancy risks are highest in Itay when the woman darts to
live in cohabitation with the second partner two years after divorce, and drop considerably
after her second marriage. In contrast, second marriage after cohabitation has no effect on
pregnancy risks in Austria, and pogtive effects in dl other countries. Regarding the remaining
two years of the firga marriage, the curves indicate very high parity progresson rates for
fourth (and further) births in Spain and Belgium, with rates comparable to firs pregnancies in
Spain, whilethe rate is lowest in Italy, the second Mediterranean country included in study.

Partner ship formation

The fdlowing figure shows the monthly trangtion rates from being a sngle to unmarried
cohabitation for a woman finishing school and darting to work a age 24, who gets pregnant
a age 25. The working career is assumed to be interrupted from the 7" month of pregnancy
unti the firs birthday of the child. Note that this risk pattern cannot be interpreted
independently from marriage risks, as pregnancy plays a very different role as “a reason for
getting married” in the different countries
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Risk for trangtion from being a sngle to unmarried cohabitation for an examplelife
course

As unmarried cohabitation generdly plays a much more dominant role in Sweden as
compared to the other countries, monthly probabilities to move into unmarried cohabitation
ae highes there for amost the entire age intervd under observation. Not surprisngly,
pregnancy aso incresses the probability to start an unmarried cohabitation to its highest leve
in Sweden. Patners move together dready in the firg months of pregnancy in al countries
except in Belgium, where the birth of the child ssemsto be the event that matters most.

The following figure of the monthly risks of marriage shows the complementary picture.
The probabilities of marriage are lowest in Sweden, and only rise very dightly during and
after pregnancy as compared to other countries.
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At the time the child is born, the probability of staying sngle is highest in Audria (around
30%), followed by Sweden (20%) and other countries (less than 15%). Interestingly enough,
the survivd curve of ‘daying dngle remans reaively flaa for sngle Itdian women who
have giving birth to a child. Compared to other countries, lone mothers have a much lower
probability of new partnershipsin Itay.
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Survival curve: remaining single after pregnancy for an example life course

The following figure depicts the monthly risk of marriage for a woman living in unmarried
cohabitation. Again, pregnancy increases the probability of marriage in varying degrees in the
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different countries, the highest probabilities are found in Belgium and Audria, and the lowest
in Sweden.
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Dissolution of partnership

The fallowing figure shows the risk of a divorce for a womean finishing school and arting
to work at age 24, who gets married at age 25, and pregnant at age 25 and 29.
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As was to be expected, the risk of marriage dissolution is smalest during pregnancies and
peeks two years after giving birth. While monthly risks decrease after that pesk in Sweden
and stay relatively flat in Audtria, they once more increase in the other three countries.

The risk of divorce is highest in Sweden and Audria The following survivd curve shows
that, a age 50, the probability of marriage dissolution is about 40% in Sweden, followed by
Audria The lowest probabilities are found in Itdy and Spain, where the vdues are only
dightly higher than hdf of this rate. The second pregnancy a age 29 makes the curves
condderably flatter — or marriage dissolution unlikdier — an effect that is especidly visble in
Sweden and Audtria
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Survival curve: staying married for an example life course

Compared to the risk of divorce, the risk of returning from unmarried cohabitation to
sngle datus is around 10 times higher. Unmarried cohabitation is mogt ungtable in Spain, not
only due to the high risk of partnership dissolution, but dso to the low probability that this
cohabitation isfollowed by marriage.
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Simulation Results

This section presents smulation results for Audria, Belgium, Itdy, Spain and Sweden.
The FAMSIM prototype mode includes a time-trend vaiable in the form of the logarithm of
cdendar time. For this reason, the base scenario assumes that this trend continues into the
future. An dternative scenario was smulated for Audtria, keeping time congtant from the Start
of the smulation in 1995. The following two figures show projections of births and totd
fertility rate (TFR) for Audriaas aresult of ten Smulation experiments for each scenario.

100000

TN 532- d s ]
80000 =Y s ".2“61:' TR
SHIg 2W0 o) o NN

60000 = :I : i“.\;%&ﬁﬁ!%! : i..: ! -
m T TS g._gg.g._hu.; :;- L
& .i .: ':%!:E:E?%
40000 '-.' - ':|= ; oy .l!::
Sl st

BIRTHS AUSTRIA =
200001~ [RESULTS AND AVERAGE OF 10+10 SIMULATION EXPERIMENTS] —
- WITHOUT TIMETREND
- WITH TIMETREND
0 ! ! | } ! | ! ! ! |
1995 2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050
YEAR

Projected number of birthsin Austria

Continuing the time trend substantially reduces the projected births for the next 50 years.
Hdting the time trend dabilizes the totd fetility rate a the current leve, while its
continuation would further decrease the TFR from about 1.4 to 1.2 in the next 25 years.
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The following peges digolay smulation results concerning living arangements and
parities for Audtria, Belgium, Itay, Sweden and Spain.
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Simulation results for partnership forms: 2000 and 2010
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Simulation results for number of children: 2000 and 2010
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V. Outlook: the FAM SIM + project

The focus of the FAMSM+ dynamic microamulation project is on family policy
evaduation regarding cods, benefits and didribution effects as wel as the implications on
human capitd formation and labor supply. It is based on the FAMSIM feashility study that
included the development of a modd prototype for demographic behavior, and introduces
economic and behaviord features. This alows us to assess cods of dternaive family-related
tax and benefit schemes as wdl as didtribution aspects, i.e. to identify he winners and losers
of policy changes. Differently to datic gpproaches, dynamic microamulation dlows us to
sudy dynamics over time (eg. the development of costs or the number of people who receive
benefits) and to model behaviora response. As in the origind FAMSIM modd, the main data
source ae the event higory data collected in the Family and Fertility Survey (FFS) that is
avalable for various countries These will be matched with other data sources, mainly with
the purpose of introducing economic characteristics not contained in FFS data. In the course
of this research, a ‘FAMSIM+ software has been developed both as a flexible and powerful
projection and forecasting tool and for the testing different behaviora theories.

Severd improvements and extensons are planned in order to further raise the quaity and
to extend the area of potentia applications. Improvements will manly focus on the modeing
of education; mgor extendgons will rdae to the explicit induson of men who were origindly
only trested as attributes of the femae micro population. This rases many questions in
connection with information from various additiond data sources. They must be solved in
order to include economic characterigtics in the modd.

Education

A more adequate modding of education should include information on the inditutiond
characterigics of the school system and school types. If this information is combined with
exiging numbers and projections on enrollment rates, this could subgantidly improve the
overdl accuracy and prediction power of the modd. Research regarding population
projections has identified education as the single most important variable besides age and sex
in determining fetility and mortdity (Lutz 1999). Regading the timing of life events
household formation, marriage and parenting careers are usudly Started after leaving school,
while education is a key determinant of human capitd and therefore of income and job careers
in economic modding.

Fertility

Given the fact that no economic characterigtics that determine fertility by parity enter the
behaviord equations, edimates of future fertility rates have proven quite reasonable in the
origind FAMSIM modd. In order to dlow for the modeing of policy effects on fertility,
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various improvements can be made, especidly regarding the issues of timing and spacing of
births. The study of fertility petterns is one of the key gpplications where microsmulation can
be used not only for predictions but aso to test theories. Timing and variance effects can bias
such period measures as the TFR, meaking it difficult to directly assess policy effects or
changes in cohort fertility. Improved behaviord modding of fertility, based on event history
analysis, can address strategic adaptation © changes in policy and environmental contexts and
potentialy shed light on and creste new ingghts into these topics.

Migration

Besdes fetility and mortdity, migration is the third key vaidble in al population
projections. As migration changes the size and characteristics of the population, adding this
aspect to FAMSIM is of great importance for policy evauaion. Immigration and emigration
ae usdly included by assuming different scenarios regarding Sze and charecteridics of
people leaving and (re)entering the population.

Regarding immigration, a widdy used approach, dso used in SVERIGE, is (1) to define
groups of immigrants based on exising dudies, in order to group people according to
‘cultural difference and (2) to creste externd scenarios of immigration flows by groups This
is usudly done by doning exising households of the same group in the base population.
Cloned vaiables incdude age, sex and eanings while such other features as spatid
characterigics might come from externd information organized in ‘lookup tables. This
method has proved feasible and easy to handle for most applications.

Ancther way of generding ‘new immigrants is to creaste a synthetic population of
immigrants based on characteristics that depend on scenarios. This permits a more detailed
andyds, as policies influencing not only the number but dso the types of immigration can be
taken into account. This way of modeing may add a lot of flexibility, but would ill dlow the
use of the cloning approach (in this case, the synthetic population would consst of the
foredgners of the micro populaion). Ancther advantage of this approach is that it dlows
extending the mode to the multi-regiond leve, which permits the migration between regions
(in this case, another micro-population representing another region is used indead of a
synthetic population).

Conceptudly, emigration is eeder to handle, as no new micro-units have to be created, but
it only has to be determined, which units leave the population. In a world of increasng
migration flows, especidly in the context of the European Union, it might be advantageous to
keegp the units in the population (without counting) in order to dlow the modding of those
coming back. Regarding the assessment of family policies, emigration is not a mgor priority
a the moment, but might gain importance in the longer run.
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Partner ship formation and dissolution

The explicit induson of men, who were origindly trested as dtributes of the femde
micro —population, implies the necessty of matching partners. Characterigics typicaly used
in matching dgorithms are income, age, education levd as wel as soaid and culturd
characterigics. Modeling the matching process is a key task. It entals that the proper
characteristics are atributed to the parents, which subsequently affect the behavior of the
children. It is dso of key importance for tax-benefit andyss to atain a reasonable household
income didribution. However, to reduce computer processng, a smple search algorithm is
required. Such an agorithm was evaluated and tested in SVERIGE. In FAMSIM, partnership
forms are treated as dtributes of women and no other information besdes a beginning and
dissolution of married and unmarried cohabitation are processed. The ability to explicitly
meatch partnersis highly dependent on the way in which men are introduced into the moded!.

In the matching dgorithm, speed is an important issue. Even in a femde-dominated
model, the number of permutations required increases exponentidly when searching through
the whole mde bachdor population for every woman. This consderably dows down the
modd. In a smart search dgorithm, the population of potentia bachelors is decreased as much
as possible. For example, a woman aged 18 wil only look for partners in the age group 20—
25. Another way of reducing the search process is to construct a stochastic search model.
Here, the number of possble search sequences is determined individudly: where some agents
obtain several maiches, other individuds don't. Combined with other data sources, this
matching processis aso used to create the sarting population for the microsmulation.

Income and labor market participation

Modeling labor-market participation and income flows is a great challenge in MS. Labor-
market economics is one of the most widespread and controversid fields in economic theory.
Most approaches are based on the neoclasscad modd. In this modd, the labor supply of
households is primarily determined by the individud’'s margind utility of income and leisure,
while the labor demand of firms is generated by the margina productivity of labor. Labor
markets are completely and indantaneoudy cleared by the unredtricted dlocation mechanism
of wages. Once labor supply exceeds labor demand, wages smply decline until they reach the
(lower) margind product of the increased labor input and vice versa (it is assumed that other
factors remain congtant, a least for short periods). If people remain unemployed, they are
consdered to do so voluntarily. For these people, the margind utility of income gpparently
exceeds the market wage. Of course, many underlying assumptions of this base modd never
materidize in redity. All agents can never be fully informed about the datus of the labor
market, wages do not adjust fredy, employers cannot hire and fire their employees without
any legd redriction, agents are not homogeneous, etc. However, these rather unredigtics
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assumptions were used in modes, and each gave rise to at least one labor-market theory that
tried to subditute it with more complex but aso more redigic extensons. Search theories
have been developed to handle incomplete information; contract theories tried to impose legd
and factud redrictions on vaiations of employment; human capitd theory modded
heterogeneous agents at least regarding education and on-the-job-training; efficiency wage
theories gave indght into the fact that some labor markets never reach an equilibrium, because
employers have rational reasons for paying more than just the market clearing wages to fewer
employees, and indder-outsder theories modeled the drategic Stuation of employees, job
entrants and outdders vis-avis the employers. Besdes extendons of the neoclasscd base
moddl, such other approaches as segmentation models, (post-)keynesian perspectives or
disequilibrium models have been developed.

The centra task of this MS project is to modd the intra-household divison of (paid and
unpaid) labor over the lifecycle of individuals, taking into account macro developments. Like
every econometric study, MSMs aso depend on the underlying labor market theory chosen,
but within microsmulation, additional parts of a mode can be activated for one run, and left
deactivated for other research agendas. It is aso concavable to implement different—and in
some respects contradictory— (base) modds in order to increase the andyticd flexibility of
the MSMs.

Income developments are dways closdly related to actudly effective labor supply. Besides
labor-market participation and wage varidions, capitd income, private and public, monetary
and in-kind transfers dso have to be consdered. In addition, the aggregated family income
has to be harmonized regarding the household structure and differences in regiond purchasing
power.

Consumption and savings

Depending on the savings rate of the individua household, the streams of income are
accumulated to wedth. As different houscholds pursue different saving motives, the
individud saving rae can be modded as an individud function with weight on intertempord
rsk averson (precautionary motive), dtruisic intergenerationd behavior (bequest moative),
and/or the intention to carry out business projects (enterprise motive) or to improve one's
persona independence (independence motive) etc. Based on the didribution of saving
motives, sats of these competing and/or complementing motives will be assumed for every
household in FAMSIM+. In addition, the saving behavior will be influenced by the
inditutiona framework of the socia security systems.
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As a counterpat of the saving behavior, the household consumption will be caculated.
Due to individud preferences of time dlocation, the labor market participation also depends,
on the household' s wedth.

Family policies

Besdes immediate costs and benefits, feedback reactions on policies and the long-term
digributiond and budgetary effects are the most important and interesting questions for
policy-makers. They have to weigh present benefits and codts againgt future benefits and
cods. Such decisons encompass many politicd subjects and influence future labor supply,
income, career posshilities, and poverty risks, and might aso have an impact on the timing of
births and fertility rates.

So far, most of these evaludions of family policies have been based on a ddtic view. This
smply means that the paid contributions or taxes are compared to the received dlowances,
transfers and benefits in kind, a a certain point in time, whereas changes over the time cannot
be evduated. Such datic studies can only revea one dimension of the distributiond effects,
i.e. their consequences for socia groups and income classes. However, long-term effects such
as didributions over the whole lifecycle cannot be evaluated with such a technique. To get
some indght into didributiona effects over the life course, a widely used technique is to
generate sample life courses. Individua contribution and payout histories are then cdculated
and compared for these sample life courses. Problems arise, as these sample life paths are
barely representative and do not add up to the true population. As dready Stated in previous
chepters, there is no true dternative to microamulation for addressng this kind of policy
questions.

With FAMSIM+ it will be possble to smulate family-related policies and to trace the
distributional  effects from the point of introduction to any future point in time As a
consequence, the intertempord distribution effects among income classes or socid groups can
be shown. In addition, the intertempord didributiond effects can be anadyzed in a broader
context, i.e. by including opportunity costs and human capital aspects.

While FFS data will remain the primary data source, the introduction of economic and
family policy variables requires the incluson of a variety of additiond data sources, both
micro and macro data Regarding macro time-series policy data, the family-policy database
developed by the Mannheimer Zentrum fir Europdische Sozidforschung (MZES) will be a
vauable source. This database was developed in the framework of the internationa research
project Family Change and Family Palicies in the Western World and will be run and updated
by the Audrian Inditute for Family Studies (OIF). It covers (1) cash benefits for families in
generd, (2) cash bendfits specidly grated to lone parents, (3) moneary transfers
guaranteeing a subsstence minimum, and (4) child-care services.
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The FAMSIM+ project differs from other microamulation models in various aspects. First
of dl, it focuses on family policdes and family-related questions. Secondly, it is based on
event-higory data, and thirdly it has an internationd dimendon that permits internationd
comparative studies.
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Appendix | —Logits

The base of FAMSIM is a logidtic regresson modd of 13 behaviord equations used to
estimate the probabilities for the following trangtions:

FIRST
SECOND
THIRD
FOURTH+
SINCO
SINMAR
COSIN
COMAR
MARSIN
SSCH™
ESCH
SWORK

EWORK

first pregnancy followed by birth
second pregnancy followed by birth
third pregnancy followed by birth
fourth and further pregnancies followed by birth
single-> unmarried cohabitation
sngle-> married

unmarried cohabitation -> sngle
unmarried cohabitation -> married
married -> angle

beginning of school enrolment

end of school enrolment

beginning of paid work

end of paid work

A summay of edimation results — the logits of the 13 equations — for Audria, Belgium,
Italy, Sweden and Spain — is contained in the following tables for full Satigtical output see
Spidlauer (2000). Thefirst table briefly describes the variables.

" The school history is not recorded in detail in Begian and ltdian FFS data In the
amulation it is assumed, that dl individuds are enrolled in school & age 15 and it is only
evauated, if school enrolment endsin a given period.
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VARIABLES

INTERCEPT intercept

PARITY1 onechild (dummy)

PARITY2 two children (dummy)

PARITY2P  two and more children (dummy)
PARITY3P  three and more children (dummy)
PARITY 4 four children

PARITY5P  fiveand more children

AGE age in months/ 12

AGESQU age* age

BINT1324 13-24 months after last birth (dummy)
BINT2536 23-36 months after last birth (dummy)

BINT37P 37 and more months after last birth (dummy)

COHAB living in cohabitation (dummy)
MARRY married (dummy)

TOTCOHAB  number of non-married months in current partnership / 12
TOTMARRY number of married monthsin current partnership / 12

SCHOOL enroled in school (dummy)

TOTSCHOOL total months of school education since 15th birthday / 12

WORK paid work (dummy)
TOTWORK  total months working / 12

LTREND logarithm of time in months/ 12 since 1940
PGDUR13 in first three months of pregnancy (dummy)
PGDUR46 in fourth to sixth month of pregnancy (dummy)
PGDUR79 in seventh to 9th month of pregnancy (dummy)
PGDUR49 in fourth to 9th month of pregnancy (dummy)

AUSTRIA FIRST SECOND THIRD FOURTH+ SINCO SINMAR COSIN COMAR MARSIN SSCH ESCH SWORK EWORK
INTERCEPT -8,6391 -8,7587 -6,2426 -5,3352 -13,3516 -10,0826 -9,2394 -1,0846 -8,0033 13,0002 -12,2074 -0,7039 -5,9573
PARITY1 09129 0,7290 -0,6355 0,4812 -0,5722 0,3072 -2,1997 11,6449
PARITY2 -0,9376 -0,0017 0,4399 -2,3467 14517
PARITY2P 05732 0,1822 -0,3126 0,3693

PARITY 3P -0,9247 -0,3946 -1,9446 1,1070
PARITY 4 0,3934

PARITY5P 0,4217

AGE 0,4015 03525 0,2654 0,2718 0,2999 0,7244 02130 0,1364 -0,1729 -1,3815 0,8704 -0,0966 -0,0810
AGESQU -0,0088 -0,0075 -0,0052 -0,0052 -0,0063 -0,0150 -0,0055 -0,0024 0,0019 0,0172 -0,0178 -0,0014 0,0009
BINT1324 0,4681 0,4120 0,5037 -0,6286 -04585 01777 -0,0321 0,459 -1,2786 0,0240 0,8095 -1,8430
BINT2536 055269 0,3150 0,2462 -0,8431 -04876 0,1514 -0,2418 0,7036 0,5712 -0,4360 1,1023 -1,9063
BINT37P 0,1131 0,0837 0,1367 -0,6728 -1,0234 03774 -0,4217 0,8932 1,0168 0,0690 1,6944 -1,6167
COHAB 1,2240 05267 0,9540 0,9492 -0,5685 0,3327 04959 0,3276
MARRY 2,0481 14142 10,8689 0,9766 -1,6978 -0,0375 -0,6165 0,3633
TOTCOHAB -0,0996 -0,0286 -0,0649 -0,0616 0,1056 -0,0887 0,0236 -0,1980 -0,1086 -0,0536
TOTMARRY -0,1722 -0,1322 -0,1098 -0,1061 0,0234 0,1031 10,0939 0,0153 -0,0399
SCHOOL -1,0411 -0,6767 0,0310 0,2511 -0,7216 -1,5310 -0,0880 -0,8329 0,9772 -2,6382 -0,3743
TOTSCHOOL 0,0043 0,0289 -0,0337 -0,0905 0,0987 01026 0,0725 0,0336 -0,0557 0,5650 -0,0095 0,2868 0,0170
WORK -0,2688 -0,3145 -0,0996 0,0982 0,0705 -0,2080 -0,3611 0,0481 05128 -1,8401 1,4714

TOTWORK  0,0398 0,0271 -0,0222 -0,0220 0,0094 0,0670 0,0493 -0,0076 -0,0199 0,0381 -0,2064 0,2034 -0,0151
LTREND -0,3392 -0,1464 -0,6770 -0,9819 11,2988 -1,2446 04701 -1,3310 1,2987 0,6083 -0,4136 -0,1285 0,6542
PGDUR13 13905 2,0784 -1,4659 0,8663 -1,0788 -0,6338 0,5640 -0,5833 0,4477
PGDUR46 0,9930  3,3058 -0,9309 1,8914

PGDUR79 1,3550 24216 -0,7692  1,2386

PGDUR49 -1,0267 -2,3979 0,6731 -1,9925 25451

5t



Family Microsimulation — Working Paper 11 OJ[

BELGIUM FIRST SECOND THIRD FOURTH+ SINCO SINMAR COSIN COMAR MARSIN SSCH ESCH SWORK EWORK

INTERCEPT -4,4108 -12,3904 -12,7869  -11,1627 -26,8547 -24,3625 -12,4111 -0,4226 -7,2806 -22,7969 11,3469 -11,1314
PARITY1 2,0077 00116 -0,9954 -0,0878 -0,8275 -1,3723 -0,6944 1,0581
PARITY?2 -0,9247 -2,4909 -0,6025 11,3875
PARITY2P 1,8591 0,045 -2,1009 0,0900

PARITY 3P -1,4485 -2,1639 -0,7741 1,3579
PARITY 4 0,2087

PARITY5P 0,3589

AGE 0,2935 04354 0,2882 0,2949 0,8646  2,0880 -0,3203 -0,1033 -0,2320 15551 -0,9528 -0,1832
AGESQU -0,0062 -0,0087 -0,0064 -0,0075 -0,0178 -0,0472 0,0052 0,0002 0,0017 -0,0326  0,0075 0,0043
BINT1324 11726 0,9359 0,6560 -1,3792 -0,7953 10766 -0,0656  0,3073 1,1941 -0,1536 -0,8791
BINT2536 1,0279  0,8002 -0,0002 -1,2183 -57592 0,7045 -0,2109 0,4460 2,2591 0,3419 -0,9495
BINT37P 05963 0,7838 0,0556 -1,3249 -1,0505 1,2324 0,0055 0,6260 1,1666 06651 -0,9561
COHAB 1,3194 24602 11,5584 -1,5150 0,7840 -0,1164 0,6352
MARRY 2,6829 2,7073 12,0762 0,6759 0,2975 -0,4752 0,4174
TOTCOHAB -0,0074 -0,1252 -0,1468 0,1250 0,0252 -0,0914 -0,1789  0,0290 -0,1208
TOTMARRY -0,1028 -0,1305 -0,2077 -0,0382 0,1232 -0,2229  0,0708 -0,0660
SCHOOL -1,8758 -1,7961 0,1076 -4,8279 -1,7376  -3,2218 -1,4471 -0,6071  0,7499 -8,3443 15023
TOTSCHOOL 0,0264 0,1520 0,0744 0,0137 0,0646 01126 0,0305 0,1217 -0,0110 0,7353 -0,0836
WORK -0,3650 -0,4464 -0,3779 -0,2969 -0,4119 -0,2915 -0,7727 -0,4712 -0,2255 9,8843

TOTWORK  0,0457 0,0293 -0,0162 0,0181 0,0916 01797 -0,0086 0,0602  0,0018 -8,2449 05313 -0,1117
LTREND -1,4279 -0,0417 10,9338 0,8754 29984 -0,8927 32421 -0,4457 1,4168 -0,0028 0,0309 2,4084
PGDUR13 0,8933  1,9546 -0,4120 11,2757 -2,1377 24742 -0,4811 0,4745
PGDUR46 1,0417 355883 -0,3197  2,2099

PGDUR79 13637 3,0654 -4,6186 1,0201

PGDUR49 -0,9506 1,7906 -1,1187 00,7366
ITALY FIRST SECOND THIRD FOURTH+ SINCO SINMAR COSIN COMAR MARSIN SSCH ESCH SWORK EWORK
INTERCEPT -5,1470 -4,1729 -4,2725 4,5709 -16,9623 -15,2620 -17,7547 -0,5924 -13,2494 -6,4170 -3,4909 -6,3138
PARITY1 1,7894 0,1964 -6,5390 0,3623 -0,7945 -0,6180 -1,1573 0,1431
PARITY2 -1,1169 -0,8676 -1,4903 0,0059
PARITY2P 16440 -0,2834 -8,3913 -0,3609

PARITY 3P -1,7202 -1,7637 -1,4350 -0,1688
PARITY 4 0,4721

PARITY5P 1,0519

AGE 0,2186 0,0540 0,1169 -0,0157 0,2587  1,1443 0,1569 0,1880 -0,1001 0,1703 0,0713 -0,0392
AGESQU -0,0041 -0,0014 -0,0030 -0,0015 -0,0049 -0,0218 -0,0022 -0,0046  0,0001 -0,0030 -0,0046  0,0000
BINT1324 05718 0,3515 0,0988 -6,1559 -1,4915 54182 -0,9107 0,0876 0,1256 0,1871 -0,3630
BINT2536 0,9185 0,5849 0,2804 -1,0952 -09888 53090 -0,6386  0,3905 0,0771 04553 -0,4202
BINT37P 11671 11,0245 0,5559 -0,9064 -19065 64892 -0,8483 0,4345 0,3780 0,8169 -0,4086
COHAB 2,9725 08217 2,0506 2,8880 -0,4203 0,3621 0,5200
MARRY 3,7782 1,8443 11,5280 1,0228 -0,2047 -0,4061 -0,1139
TOTCOHAB -0,1297 0,0034 -0,1159 -0,2262 -0,0452 -0,0192 0,0244 -0,0421 -0,1348
TOTMARRY -0,2435 -0,1454 -0,1546 -0,0732 0,0828 -0,0005 0,0021 0,0195
SCHOOL -0,5982 -0,1235 -0,0392 -0,5543 -0,9214 -1,1862 09157 -0,2227 0,1652 -1,6723  0,3437
TOTSCHOOL -0,0009 0,0125 0,0024 0,0270 0,0506 0,0255 -0,0707 0,0141  0,0227 0,1622 -0,0141
WORK -0,3967 -0,3450 -0,0809 -0,9618 0,0635 -0,5357 -0,2878 -0,4356  0,4953 0,2657

TOTWORK  -0,0008 -0,0248 -0,0159 0,0681 0,0506 0,0747 00220 0,0140 0,0066 -0,0432 0,2138 -0,0461
LTREND -1,0911 -0,6282 -0,8110 -2,5184 11,7174 -1,1250 2,7684 -1,3711  2,1091 -0,1190 -0,0322 0,8088
PGDUR13 2,8399 31707 -6,6941 11,2120 -4,3950 0,4320 -0,6293 0,5707
PGDUR46 2,4385 37188 -6,7210 11,6662

PGDUR79 2,1883 2,7694 -6,6875 11,2357

PGDUR49 -0,6584 0,1268 -1,3753  0,6034
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ol

SPAIN FIRST SECOND THIRD FOURTH+ SINCO SINMAR COSIN COMAR MARSIN SSCH ESCH SWORK EWORK
INTERCEPT -7,7547 -4,2104 1,0207 -1,0597 -22,1839 -21,6744 -10,3310 -1,0772 -6,1742 13,0996 -5,8204 0,2439 -7,2199
PARITY1 18592 15319 00371 0,1211 -0,6006 -1,3992 0,1647 -0,6903 0,2634
PARITY?2 -1,0123 0,0433 -0,1848 -0,7443 0,1978
PARITY2P 1,7942 -0,1955 -0,5057 -0,2051

PARITY 3P -0,2893 -4,8296 -0,2942 -0,7270 0,0572
PARITY 4 -0,0848

PARITY5P 0,7904

AGE 0,2485 0,1971 0,1150 0,3396 0,4480 15185 -0,0150 0,0863 -0,2854 -1,8953 0,2976 -0,2335 -0,0565
AGESQU -0,0050 -0,0036 -0,0026 -0,0072 -0,0087 -0,0305 0,0002 -0,0017 0,0024 0,0277 -0,0045 0,0013 0,0011
BINT1324 05001 0,3129 05914 -0,3945 -24056 08155 -0,6785 0,3757 1,2059 -0,0674 0,1655 -0,4355
BINT2536 0,9950 0,6692 0,1597 -0,8255 -22503 -0,2008 -1,3222 0,9229 1,7218 -0,5070 0,2796 -0,5736
BINT37P 1,2039 11,0485 0,3324 -0,3922 -2,6914 -0,0530 -0,7109 0,6272 2,2985 0,0784 08323 -0,3539
COHAB 2,4804 16644 11,7051 -3,1135 -0,5486 0,0954 0,2834 0,4933
MARRY 3,6440 24751 11,9198 1,8417 -0,2144 0,0601 -0,8296 0,2703
TOTCOHAB -0,1771 -0,0203 0,0364 0,1268 0,0709 -0,1400 0,1217 -0,0286 -0,0893 -0,0801
TOTMARRY -0,2356 -0,1271 -0,1549 -0,0365 0,1244 -0,1000 -0,0044 0,0101 -0,0458
SCHOOL -0,9414 -0,5090 -0,0928 -1,5117 -1,0554 -1,5837 13149 -0,3555 0,3134 -2,0414  0,2851
TOTSCHOOL -0,0438 0,0375 0,0454 0,0742 0,1198 0,0121 -0,0058 0,0230 0,0611 0,6068 -0,1002 0,2138 -0,0472
WORK -0,4335 -0,4129 -0,4079 -0,1000 -0,3024 -1,3739 0,1307 -0,0697 0,5030 -1,6823 0,3619

TOTWORK  0,0195 0,0015 0,0011 -0,0004 0,0510 0,1663 -0,0065 0,0192 0,0079 0,0558 -0,0437 0,2043 -0,0970
LTREND -0,3827 -1,4057 -2,3901 -2,5697 12,6287 -04025 11,3963 -1,1183 0,9661 2,1393 -0,3547 0,0245 1,2232
PGDUR13 25226 30145 -08775 1,4426 -0,5339 -1,7079 0,4420 -0,6167 0,6606
PGDUR46 12687  4,0305 -0,4114 15771

PGDUR79 -45703  2,8362 04673 0,9608

PGDUR49 -0,7638 -1,8728 0,5690 -1,0018  0,8696
SWEDEN FIRST SECOND THIRD FOURTH+ SINCO SINMAR COSIN COMAR MARSIN SSCH ESCH SWORK EWORK
INTERCEPT -7,9795 -14,5123 -18,0603  -11,0105 -11,9436 -13,5395 -8,5269 -2,3563 -6,1463 1,0509 -9,2853 -7,1525 -4,1491
PARITY1 0,6511  0,1487 -0,8405 0,5628 -1,1624 -3,1275 0,9017 -2,8383 21525
PARITY2 -1,6562 -2,8896 0,8784 -2,7612 21327
PARITY2P 0,6428 -0,0323 -1,1062 0,6274

PARITY 3P -1,3252 -2,5858 0,8477 -2,4536 2,2051
PARITY4 0,3037

PARITY5P 1,2448

AGE 0,3541 0,3047 10,2992 0,1718 0,4895 1,0560 -0,0725 0,2028 -0,0755 -0,4127 0,5085 0,3554 -0,1485
AGESQU -0,0061 -0,0066 -0,0059 -0,0050 -0,0106 -0,0177 10,0012 -0,0023 0,0005 0,0024 -0,0078 -0,0120 0,0024
BINT1324 1,1840 11,0280 1,1984 -0,9154 -1,2092 05662 -0,4349 04980 1,9304 -1,3290 11,8309 -2,1612
BINT2536 14524 11,2595 1,1844 -0,8916 -1,0617 09347 -0,6107 10644 2,7489 -1,0950 1,9589 -2,1058
BINT37P 1,0157 11,2812 1,1410 -0,5027 -0,9998 0,7382 -0,8015 1,0155 3,4604 -1,0426 2,7405 -2,0720
COHAB 1,9586 1,8902 2,1363 2,0744 -0,1531 10,0414 04021 -0,0841
MARRY 2,9842 23573 11,8929 0,9681 -0,3944 -0,3179 -0,3593 -0,1860
TOTCOHAB -0,0141 -0,0357 -0,1327 -0,1336 -0,0167 -0,0181 -0,0034 -0,0173 -0,0351 -0,0199
TOTMARRY -0,1802 -0,0849 -0,1056 -0,0260 0,0186 0,0084 0,0473 0,0652 -0,0066
SCHOOL -0,6962 -0,7577 -0,7123 -0,2841 -0,7718 -15128 -0,1063 -0,8000  0,4587 -4,4075 11,4679
TOTSCHOOL -0,0546  0,0634 0,0166 0,1043 0,0807 -0,0912 -0,0372 0,0339 -0,0050 0,3370 -0,0359 0,3438 -0,0209
WORK 0,1190 0,0125 -0,1199 -0,5201 0,0556 -0,9852 -0,2654 -0,1247 -0,0141 -4,0737 1,9608

TOTWORK -0,0224 0,0011 -0,0560 0,0003 0,0556 -0,1169 -0,0407 -0,0346 -0,0085 0,2419 -0,1412 03972 -0,0774
LTREND -0,7930 1,2086 12,0878 0,9326 05343 -1,8093 14575 -1,6517 0,6009 0,7918 -0,2335 05692 0,9066
PGDUR13 18735 25651 -1,3073 1,0687 -2,1510 -0,8106 0,2927 -0,2323 -0,2393
PGDUR46 15850 2,7491 -1,2722 1,3784

PGDUR79 1,7530 1,8941 -1,7799 0,6513

PGDUR49 -1,5897 -2,9193 10995 -1,6507 12215
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Appendix Il —Microsmulation Projects

ASPEN ASPEN isan agent based economics simulation model. It cal culatesthe consequences Sandia http://www-aspen.cs.sandia.gov
o various legal, regulatory and policy changes. Agents in Aspen not only can  Nationa
communicate with one another but also make "real-life" decisions. Through use of Laboratories
evolutionary learning techniques, the agents adapt their behavior according to USA
—chanaina economic conditions and past experience
CORSIM CORSIM, based & Cornell University, was begun in 1987 building up on the first  Strategic  http://www.strategicforecasting.com/
dynamic microsimulation model DYNASIM and is now in its third generation. Built  Forcasting
both to simultaneously support basic research into fundamental socioeconomic USA
processes and as a platform for a broad range of policy anaysis, the core CORSIM
modules were also widely adapted by other models, including the Canadian
DYNACAN and the Swedish SVERIGE model. Individua and family behavior is
represented by approximately 1100 equations and 7000 parameters as well as dozens
o agorithms. Typical applications include the estimation of welfare costs and the
distribution of benefits of welfare reform of various US administrations.

DMMS The aim of the Darmstadt-Mikro-Makro model is the integration of a micro-model of TU-Darmstadt http-/Anaany bl ti-
the household sector into a macro-model. The focus of the analysis lies on the Germany  darmstadt.de/vwli4/forsch/projekte/pt_li
interaction between both levels, stehtm
DESTINIE Computes social security contributions, benefits and taxes since 1945, and simulates INSEE France http://www.insee.fr
the socioeconomic evolution of a microsimulation population till 2040, relying on
exising demographic and economic projections. Within this relatively long interval,
DESTINIE dlows to compute the rate of return of public pensions for different
— oenerationsharn hetween 1920 and 1974
DYNACAN The focus lies on generating longitudinal projections of the Canada Pension Plan Canada http://www.hrdc-drhe.gc.cal
(CPP).
DYNAMOD DYNAMOD is a dynamic microsimulation model of the Australian population which  NATSEM  http://www.natsem.canberra.edu.au
is designedto project characteristics of the population over aperiod of upto 50years.  Australia
Magjor elements of the model include demographics, international migration,
. )
DYNASIM  The Dynasim mode was the first dynamic microsimulation model. It was developed The Urban  hitp-/Anany urban arg/
by Orcutt between 1969 and 1976. Ist successor DYNASIM2 includes family Institute USA
formation, geographic mobility, education, disability pensions, labor force
—  participation. labor market earninas. taxes and transfers,
EUROMOD EUROMOD is a static 15-country Europe-wide benefit-tax mode that concerns with University of http://www.econ.cam.ac.uk/dae/mu/emo

the distributional impact of changes to personal tax and transfer policy. Cambridge dhtm
UK/EU
LOTTE Lotte is a gtatic tax model that isused in budget workby the Ministry of Financeand — Statistics  http /A ssh nol
the Parliament Norway

MOSART  The MOSART model projects the Norwegian population and its characteristics. This ~ Statistics  http://www.ssb.no/
includes analysis about the population size and composition and the consequences for Norway
the educational level. |abor supplv and public pension
NATSEM The STINMOD distributional model simulates the impact of major federa NATSEM  hitp://www.natsem.canberra.edu.au/ind
STINMOD- government activities such as cash transfers, income tax and the Medicare levy on  Australia  ex.html
STATAX individuals and families in Austrdia STINMOD can be used to analyze the
distributional and fiscal impact of both current and new palicies.
POLIMOD The POLOMOD model concerns with the distribution of income and the effect of University of http://www.econ.cam.ac.uk/dae/mu/poli

changesin personal tax and social security policy on distribution. Cambridge UK mod.htm
SESIM SESIM is used to evaluate the long term effects of the Swedish national system of Swedish  http://www.sesim.org/
study allowances Ministry of
Finance
SF3 SF3 model consists of three versions namely one cross-sectional, one longitudinal one  Germany

and one static model. The cross-sectional is recursive and comprises demographic
events, household formation, education, labor supply, income, taxes, transfers,
consumption. savina and wealth

SPSD The SPSD is a tool for analyzing the financial interactions of government activities — Statistics  http://www.statcan ca/english/spsd/
andindividuals, Canada

SVERIGE SVERIGE is a spatid microsimulation model used to evaluate the spatial Spatial hitp/Aanw sme kinina se
consequences of various public policies. It is based on a database d the whole Modelling
Swedish population. Centre Sweden

XECON XEcon (for eXperimental Economy) isa dynamic microsimulation model of an agent- ~ Statistics  http://www.statcan.ca/english/spsd/
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(Machbarkeitsstudie Kinderbetreuungsscheck), Nr 8/98 — in deutscher

Sprache

- Vera Nowak, Rudolf Schipfer, “Familien in Zahlen“, Daten und Graphiken zur
Familie in Osterreich auf einen Blick, Nr. 9/98 -
in deutscher Sprache

- Paloma Fernandez de la Hoz, Johannes Pflegerl, “Migrantinnen im Spital“,

Workshop fur Mitarbeiterinnen in Gesundheitseinrichtungen der Stadt Wien,
Nr. 10/2001 — in deutscher Sprache

Zu beziehen bei: Osterreichisches Institut fiir Familienforschung (OIF)
Gonzagagasse 19/8, A-1010 Wien
Tel.: +43-1-535 14 54-19
Fax: +43-1-535 14 55
E-Mail: edeltraud.puerk@oif.ac.at
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Das Osterreichische Institut fur Familienforschung (OIF) ist ein unabhangiges,
gemeinnitziges Institut zur interdisziplinaren wissenschaftlichen und
anwendungsbezogenen Erforschung und Darstellung der Vielfalt und Veranderungen
familialer Lebenswelten aus Sicht von Kindern, Frauen und Mannern.

Gedruckt mit Unterstiitzung des Bundesministeriums fuir soziale Sicherheit und
Generationen sowie der Lander Burgenland, Niedertsterreich,
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