
INTERNATIONAL JOURNAL OF MICROSIMULATION (2012) 5(1) 31-51 

A Mate-Matching Algorithm for Continuous-Time 

Microsimulation Models 

Sabine Zinn 
Max Planck Institute for Demographic Research, Laboratory of Statistical Demography, Rostock, 
Germany; 
email: sabine.zinn@uni-bamberg.de1 
 
ABSTRACT: The timing of partnership formation in closed continuous-time microsimulation models poses 

difficulties due to the continuous time scale. In this paper the problem is resolved by the concept of a 
partnership market, which individuals can enter and leave at any point in time over the complete 
simulation time range. Each individual, who looks for a spouse, remains in the market for a specific 
period during which searching and matching is performed. To build up synthetic couples, the model 
imitates a decision making-process. The decision to enter a partnership depends on empirically estimated 
logit models for the probability that a given woman and a given man will get together, and also on an 

individual aspiration level regarding a potential partner. A couple is formed if a positive decision has been 
made and the timing of the partnership formation is consistent with the individual searching periods of 

the prospective spouses. The algorithm is illustrated by an example in which simulations are run to 
project a synthetic population, similar to the population of the Netherlands, by using an extended version 
of the microsimulation tool of the MicMac project. 
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1. INTRODUCTION 

To realistically model individual behaviour, the 
effect of inter-individual interaction has to be 

addressed. That is, a realistic description of life-
course dynamics necessitates the consideration of 
“linked lives” (Elder et al., 2004; Huinink and 

Feldhaus, 2009). People cohabit or marry, have 
children and live in families, and this environment 
has an impact on their demographic behaviour. It 

implies that some individual demographic events 
require that other individuals are linked to a 
person, and that the relationship between linked 
individuals may modify their future behaviour, 
i.e., the behavioural model describing their life 
courses. For example, in the majority of cases, the 
decision to have children depends not only on the 

woman, but also on the potential father and, 
presumably, additionally on the social network of 
each (Bernardi, 2003). In a microsimulation, life 
course events are commonly determined based on 
empirical distribution functions that rely on data 
reported for single persons. Individual interaction 

patterns, like partnership relations and kinship, 

are often neglected in this context (Ruggles, 
1993). This paper investigates one particular 
problem that arises when including linked lives 
into a continuous-time microsimulation model: it 
addresses the onset of partnership (cohabitation 
or marriage) and the matching of proper mates in 

continuous time. 
 
As a social science application, microsimulation 
can be described as an approach that models the 
dynamics of a system, population, society or 
economy by modelling the behaviour of its micro-
units (typically individuals or single households). 

The central unit of a demographic microsimulation 
model is the individual life course, which is 

characterized by a sequence of demographic 

events such as birth, marriage, childbirth, divorce, 
retirement, and death, and the time spans 
between these events. 

In demographic microsimulations, life courses 
usually evolve along two time scales: individual 
age and calendar time. A possible third time scale 
is the time that an individual has already spent in 

his/her current demographic state, e.g., the time 
that has elapsed since the individual's wedding. All 

time scales can either be discrete (usually in units 
of years) or continuous (Wolf, 2001; Galler, 
1997). In discrete-time models, time advances in 
discrete steps (commonly in years or months), 
i.e., the time axis is discretized. At each step, 
individual attributes and behaviour are updated. 
In contrast, a continuous-time microsimulation 

model features a continuous time scale along 
which events occur, i.e., an event can occur at 
any instant in time. Generally, for a precise 
description of population dynamics, continuous-
time models are the optimal theoretical choice as 
a continuous approach most closely mirrors life 
course development (Willekens, 2009). 

Furthermore, compared to a discrete-time 
microsimulation, the processing of a continuous-
time microsimulation can be very efficient 
(Satyabudhi and Onggo, 2008; van Imhoff and 
Post, 1998). This is because, in a continuous-time 
microsimulation, individual attributes are only 

updated when an event occurs. However, 
continuous-time microsimulations pose some 
problems when forming relationships that 
discrete-time models can avoid (van Imhoff and 
Post, 1998). In discrete-time models, it is 
convenient to construct mating pools at 
equidistant time points, e.g., for every year. 

During simulation, individuals enter these mating 
pools and undergo mate-matching. In continuous-
time models, events occur at exact time points 

and, in practice, individuals will never experience 
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partnership events at the same time. Therefore, a 
pool of potential partners cannot as easily be 

constructed as in discrete time models. 

 
Nevertheless, a common way to establish 
partnership markets in continuous-time models is 
to use open mating models. In this class of 
models, spouses are created as new individuals 
when needed, rather than selected from already 
existing members of the population. The main 

problem of open mating models is their 
interpretation: it is not realistic to pull an 
appropriate spouse “out of the hat” when needed. 
A more realistic way to model mating instead is to 
use a closed mating model. Here, appropriate 
spouses are identified from the current members 
of a population. To ensure that a closed mating 

model resembles observed mating patterns, it has 

to be applied to a large enough share of an entire 
population. Up to now, closed mating models have 
only been used in the context of discrete-time 
microsimulation. A reason might be that in 
continuous-time models the probability that two 

events will happen at exactly the same time point 
is zero and thus practically individuals will never 
experience partnership events at the same time. 
As a consequence, in a continuous-time model, a 
pool of potential partners is hard to identify. 
 
In this paper it is proposed to determine a pool of 

potential partners by establishing a partnership 
market which individuals can enter and leave at 
any point in time during the simulation. As soon 
as an individual starts to look for a spouse, he/she 

becomes part of the market and stays there until 
mate-matching is finished. To match individuals, 
an algorithm is needed to determine appropriate 

partners: Who should be linked to whom? Humans 
mate assortatively (Blossfeld and Timm, 2003; 
Kalmijn, 1998); that is, partners are not chosen 
randomly but are selected according to 
preferences. Typically, spouses are similar with 
respect to certain attributes, and synthetic couples 

should reflect this habit. Accordingly, a two-fold 
approach is suggested to build up synthetic 
couples: First, to each individual a random value 
is assigned that captures his/her aspiration level 
regarding a partner. An empirical likelihood 
equation reveals the probability that a given 
woman and a given man form a couple. 

Subsequently, a decision-making process is 
simulated as to whether two individuals mate, 
applying individuals' aspiration levels and their 
matching probability. 
 
The rest of the paper is structured as follows. 
Section 2 is a brief review of mate-matching 

algorithms already proposed for microsimulations. 
Here special focus is put on ideas and techniques 
that are useful for conducting mate-matching in 
continuous-time models. Section 3 describes a 
novel mate-matching procedure for continuous-
time microsimulation and a critical evaluation of 

its capabilities. The approach is illustrated by 
running a microsimulation for a synthetic 
population reflecting characteristics of the 

Netherlands population. Results are given in 

section 4. The paper concludes by validating the 
new procedure and by providing an outlook to 

future work. 

2. REVIEW OF MATING MODELS FOR 
MICROSIMULATION 

Commonly, in microsimulation models two 
approaches are used to match individuals for 
partnerships: open mating models and closed 
mating models. In open models, appropriate 
spouses are created anew, when needed, while in 

closed models, partners are identified among 
already existing individuals. As the interpretation 
of an open model is difficult, here a decision is 
made for the usage of a closed mating model. 
 
In a closed model, partners for marriage and 

consensual union have to be found among existing 

individuals. Besides the time when couples are 
formed, the following issues have to be 
addressed: 

o How can one determine which individuals 
are in the (mating) pool or pool of eligible 
partners? 

o Who matches whom? 
o What are the mating rules? 

 
All previous closed mating models were realized in 
discrete-time microsimulation models, so this 
review is restricted to discrete-time models. The 
idea is to inspect existing closed mating models to 

whether they can be adopted to also work in 
continuous time. In discrete-time models, 

assigning individuals to a mating pool proceeds 
generally as follows: In a discrete-time 
microsimulation model, time changes in discrete 
steps. After each step, all individuals of the model 
population are inspected as to whether they will 

experience an event during the next interval and, 
if so, which event this will be. In case an 
individual is scheduled to experience the onset of 
a partnership, he/she is marked as searching for a 
spouse. At each time step, after every member of 
the population has been inspected, all searching 

individuals are collected in a partnership market. 
That is, “a partnership market” is a construct used 
to pool all those individuals who are looking for a 
spouse. As a partnership market allows collecting 
all eligible partners, its construction in any case is 

deemed useful also in a continuous-time setting. 
 

Generally, to build synthetic couples of the 
individuals pooled in the partnership market, two 
main problems have to be solved: Who mates 
whom? and what data are needed to construct 
couples that resemble actual/observed ones? Both 
questions concern the mating rules that are 
applied to match individuals. Generally, two types 

of mating rules can be found in microsimulation 
models: stable and stochastic (Perese, 2002). 
Stable mating rules aim at producing a set of 
stable matings (see also the “stable marriage 
problem” in Gale and Shapley (1962)). Stochastic 
mating rules use stochastic experiments to decide 

on the success of potential pairings. All mating 



ZINN      A Mate-Matching Algorithm for Continuous-Time  33 

rules make use of a compatibility measure to 
determine the quality of a match. The pros and 

cons of stable mating rules have been discussed 

extensively by Bouffard et al. (2001) and Leblanc 
et al. (2009); in summary, they find that stable 
mating rules produce too many “extreme” 
pairings, such as couples with extreme age 
differences. Stochastic mating rules are an option 
to overcome this problem.  
 

This review is restricted to stochastic mating rules. 
First compatibility measures are discussed, and 
then stochastic mating rules are described. 

2.1. Compatibility measure 
A compatibility measure transforms female and 
male attributes into a numeric index which 
quantifies how compatible a woman and a man 

are. Commonly, values between zero and one are 
used to express compatibility, with a large value 
indicating high compatibility. Likewise, a small 
value points to incompatibility. 
 
Some notation: 

o At some point in time the partnership 
market comprises   women and   men 

o The female attributes are denoted by 
             and the male attributes by 

          . Typically, such attributes can 

be represented by a vector, and the 
different components of    and   , 

respectively, quantify characteristics such 
as age, educational attainment, etc. 

o The set   comprises all    and the set   

all   . 

 
The compatibility measure   is defined as the 

following mapping 
            

                     

 

If                   for two females   and   and 

the same male  , then the pairing of   and   shows 

a better agreement than the pairing of   and  . 
Commonly, the elements of    and    only give 

age and educational attainment of males and 
females. Bacon and Pennec (2007) provide an 

extensive review of attributes employed in mating 
models. 
 
Two different specifications of   are typically used: 

distance functions and the likelihood of a union 
between potential pairings. Distance functions 
measure the discrepancy in the attributes of 

spouses; for example the following exponential 
distance function (Perese, 2002): 

                          
 
        

 
   

where    and    indicate the age and the 

educational level of a woman  , and    and    the 

respective values of a man  . Using distance 

functions to measure compatibilities is not 
unproblematic. The main problem is that distance 
functions quantify the quality of a pairing in a very 
simplistic way, for example, not considering 

possible effects of individual attributes measured 

as a nominal scale, like race. A more realistic way 
to determine the quality of a pairing is to use the 

empirical likelihood of a pairing. 

 
The likelihood of a union between potential pairs 
can be quantified by logit models (Perese, 2002; 
Bouffard et al., 2001). The model predicts the 
probability that two individuals, each with given 
attributes, form a partnership. Data on observed 
couples are used to estimate the coefficients of 

these models. According to the theory of 
assortative mating, partners tend to have similar 
ages and similar levels of education (Kalmijn, 
1998). Therefore, ideally, the estimated 
coefficients are in accordance with the theory of 
assortative mating (Bouffard et al., 2001; Leblanc 
et al., 2009). In order to account for different 

types of partnerships (cohabitations and 

marriages) and to differentiate between first and 
higher order partnerships, typically more than one 
logit model is applied. 

2.2. Stochastic mating rules 
In a stochastic mating model, the compatibility 

measure between a woman and a man determines 
the probability of a respective match, and the 
outcome of a stochastic experiment determines 
whether a match between two potential spouses 
occurs. A stochastic matching procedure ensures 
that individuals with a low compatibility also have 
a chance to get matched. With regard to their 

compatibility, constructed couples are thus not 
necessarily optimal ones. As a result, the 
occurrence of “extreme” matchings is less likely, 

which is a big advantage over stable mating rules. 
 
In microsimulation models, basically, three 
variants of stochastic mating are applied, 

depending on whether and which sex dominates 
the choice of spouses (male-, female- or mixed-
dominant algorithms). In male-dominant mate-
matching algorithms, men choose their spouses 
from a list of eligible women (of fixed or random 
length) in accordance with their compatibility (see 

e.g., Perese (2002)). In a female-dominant mate-
matching algorithm, the roles of women and men 
are simply reversed: Women choose from a list of 
potential spouses (see e.g., Hammel et al. (1976, 
ch. 9) and Kelly (2003)). In a mixed-dominant 
mate-matching procedure, both sexes are treated 

equally. Here two variants can be distinguished: 

In the first variant, from the partnership market 
an individual is randomly selected to look for a 
spouse. This individual then randomly chooses 
his/her actual spouse from the opposite-sex 
candidates with the highest compatibility 
(Wachter, 1995). In contrast, in the second 
variant, initially the compatibility measure 

between all potential pairings is determined, and 
then couples are constructed. The latter variant 
goes back to the work of Vink and Easther 
(Bouffard et al., 2001). 
 
Figure 1 shows the presented classification of 

mating models and mate-matching algorithms 
designed for microsimulation models. 

In conclusion, the following findings can be 
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summarized: 
o Closed models are easier to interpret than 

open models, and they enable us to study 

the effects of mating processes on the 
population composition. 

o The construction of a partnership market 
allows us to collect all eligible partners. 

o To measure the compatibility between two 
persons, computing the likelihood of a 
potential pairing is more appropriate than 

using a distance function. 
o Stochastic mate-matching procedures 

resemble actual data better than stable 
mating procedures, but the outcome of a 

stochastic mate-matching algorithm is not 

significantly affected by the chosen variant 
(male-, female-, or mixed-dominant). 

Accordingly, the present mate-matching algorithm 
uses a closed model that embodies a mixed-
dominant, stochastic, mate-matching procedure. 
The details of the approach are described in 
section 3. 

 

Figure 1  Classification of mating models and mate-matching algorithms for microsimulation. 
 

 
 

3. A MUTUAL MATE-MATCHING PROCEDURE 
IN CONTINUOUS TIME 

In continuous-time models the probability that 
two events will happen at exactly the same time 
point is zero and, in practice, individuals will never 
experience partnership events at the same time. 
Due to this design, a pool of potential partners is 

hard to identify. A way to approach this problem is 
to include in the mate-matching algorithm the 
scheduling of events and the construction of a 

partnership market that individuals can enter or 
leave over the complete simulation time range. 
The processing of the present mate-matching 

procedure can be summarized as follows:  
(i) individuals enter the partnership market,  
(ii) potential couples are built and tested for 

conformance,  
(iii) if a potential couple is compatible 

concerning its partnership formation time 
and concerning its characteristics it is 

realized.  
The whole approach is now described at length, 
considering cohabitation and marriage as two 
separate types of partnership. 

3.1. Entering the partnership market 

In a continuous-time microsimulation, empirical 

waiting times (derivable from empirical rates) 
determine the occurrence and timing of events. 
That is, life courses can be constructed as 
sequences of waiting times to next events (Gampe 
and Zinn, 2007). As a direct consequence, 
partnership formation times are already known in 
advance. This knowledge is used when 

constructing a partnership market for a 
continuous-time microsimulation: an individual is 
determined to enter the partnership market at the 
moment when the waiting time to a partnership 

formation event starts. That is, as soon as a 
marriage or cohabitation event has been 

simulated, an individual joins this market. To be 
able to explain this circumstance better, consider 
the following example: Simulation starts at time    
when a woman is    years old. She has never 

been married and is childless at this time. 
Conditional on her current state, her age, and the 
current calendar time, a waiting time of       
years to a marriage event is simulated. The 
woman enters the market at time    and her 

waiting time to marriage is             . 

3.2. Scheduling of partnership events 
A partnership (marriage or cohabitation) has to 
have a clearly defined formation time, i.e., a joint 

mating time of two spouses. However, as already 
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mentioned, in a continuous-time model the 
probability of a concurrent event is zero. As a 

consequence, two individuals will never have 

identical mating times. An option to nevertheless 
conduct mate-matching is to slightly adjust 
mating times computed by the microsimulation 
model to obtain joint mating times. An example 
helps illustrating the respective procedure: A 
woman    experiences the onset of a partnership 

at time   , and a man    at time   . Without loss of 

generality, it is assumed      . One way to 

compute a formation time    of a partnership 

between    and    is                           
Then, instead of    and   , for both    and    the 

adjusted    is used as starting time of a 

partnership. The new partnership formation time    

is located between    and   . Whether    is closer to 

   or to    is determined by the parameter  . A 

setting of       results in the mean of    and   . 
Changing simulated event times this way means 
changing the outcome of the microsimulation 
model. For example, if it is assumed that for    a 

marriage event has been simulated to happen at 
January 10, 2014 (  ) and for    a marriage event 

has been simulated to happen at January 1, 2012 
(  ), then with       their new joint partnership 

formation time (  ) would be January 4, 2013. 

Using January 4, 2013, however, as wedding date 
means shifting the originally simulated wedding 
times for more than one year.  

Figure 2  Woman    experiences a marriage event at time   . Man    experiences a marriage event at 

time   . As                                  and                                 both 

individuals have overlapping searching periods and might meet during the mating process. 
Hence, they can be considered as potential spouses. Their formation time would be 
                 if they were actually linked in the mate-matching algorithm. 

 

 
 
Therefore, to avoid significant change and bias to 
the outcome of the microsimulation model, it has 
to be assured that       is small. Accordingly,    
and    can only be regarded as potential spouses if 

their simulated times    and    are close enough. 

Here,    and    are defined as close enough, if 

      and      , where 

                                  and 

                                 . 
   is the simulation start time,    the simulation 

stop time, and    is the time of the event that    
has experienced previous to the upcoming 
partnership formation event,      .   is an 

arbitrary time period, but which is commonly 
shorter than one year.    is called the “searching 

period” of   .
2    starts soonest with   's entry into 

the partnership market. For consistency, at the 
earliest, the searching period starts at simulation 

start time and, at the latest, ends at simulation 

end time. 
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With respect to this definition, only individuals can 

meet if their searching periods overlap. 
Subsequently, it is             and      . The 

latter results in              . Figure 2 illustrates 

the adjustment of event times using an example. 
Section 4.2 deals with how shifting events in the 
suggested way changes the output of the 
stochastic microsimulation model. 

3.3. Compatibility and individual 
characteristics 

Even if the searching periods of mating willing 
individuals overlap, their characteristics might not 
match. Therefore, besides event times, individual 
characteristics also have to be checked for 
conformance. For this purpose, a compatibility 
measure is used such as introduced in section 2.1. 

As distance functions measure the quality of 

pairings very simplistically, logit models are 
employed to evaluate how well the characteristics 
of potential spouses agree. Which covariates will 
enter the logit models depends on the state space 
of the actual application. In this paper a generic 
microsimulation model is assumed; i.e., the state 

space is not fixed. Only individual age and sex are 
mandatory attributes. Depending on the problem 
to be studied, different relevant demographic 
states will be considered. Obviously, only those 
covariates can be included in the logit models that 
are in the state space. If, for example, educational 
attainment, children ever born, or ethnicity are 

included in the state space, these attributes are 
natural candidates for covariates in the logit 

models. For a pair of individuals, the compatibility 
measure gives, conditioned on the considered 
attributes, the probability of a union. 

3.4. Mate-matching procedure 
The partnership market is implemented using a 
so-called marriage queue  . The marriage queue 

consists of all unpaired individuals who are looking 
for a partner (because of a simulated partnership 
event). Each individual in the queue is equipped 
with a stamp that indicates the time of the 
upcoming partnership event. 
 

When determining how many potential partners 
an individual can meet, individuals have 
constraints on the social network size they can 
perceive. Humans are thought to be limited to 

social networks with approximately 150 members 
(Hill and Dunbar, 2003). Considering this fact, for 
each individual the maximal number of potential 

spouses is restricted. An upper bound is set that 
follows a normal distribution with expectation 
      and standard deviation     . 
 
Furthermore, to each individual a random value is 
assigned that captures his/her aspiration level 

regarding a partner. This aspiration level takes 
values between 0 and 1. If the compatibility 

measure between an individual and a potential 

spouse exceeds the aspiration level, he/she 
accepts the pairing. Thus mate-seekers are 
satisficing (Simon, 1990): different candidates are 
inspected until one is found that “meets the 
expectation”. In the proposed algorithm, 
individuals reduce their aspiration level by 
           , every time they are involved in an 

unsuccessful encounter. This way their chance to 
find a mate the next time is increased. The 
reduction of the aspiration level with each 
rejection corresponds to a strategy proposed by 
Billari (2000) and Todd et al. (2005). They 
suggest using individual aspiration-based 

heuristics to model human mate-choice processes. 
The basic idea is that if the traits of a potential 

spouse meet or exceed an individual's aspiration 
level, a partnership is formed. Aspiration levels 
are adjusted according to offers and rejections 
received by others. Here this approach is adapted 
by reducing the aspiration levels of individuals 

who date but reject each other. 
 
The individual aspiration levels are assumed to 
follow a beta distribution. Based on the theory of 
initial parental investment, women are assumed to 
be “choosier” than men concerning their partners 
(Trivers, 1972; Buss, 2006). However, the degree 

of “choosiness” of females and males varies with 
age. Women tend to decrease their requirements 
with declining fecundity. When they are in their 
early thirties, they are less demanding than at 

younger ages. For single women older than 35, 
the “ticking of the biological clock” even leads to a 

considerably increased effort to date men 
(Pawlowskia and Dunbar, 1999). While after age 
40, women tend to be more “choosy” again 
(French and Kus, 2008). Although socio-economic 
factors play a role in this context, too, only the 
age trajectory is considered here. Men, however, 
behave differently. When they are young, men are 

more involved in short-term relationships, and 
therefore are more interested in the number of 
sexual partners, not so much in the quality of a 
relationship (Buss, 2006). As a consequence, they 
are less selective concerning the traits of a 
partner. However, when men start to look for 
long-term relationships, willing to establish a 

family and to invest in offspring, their behavior 
changes, and their level of “choosiness” increases. 
In this approach, 30 is selected as the age when 
men start to intensively look for a long-term 
spouse. To account for the variability in the 
degree of aspiration, the beta distribution is 

parameterized accordingly. The parameter values 
of the beta-distribution are gender-specific and 
vary with age (see Figure 3).  
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Table 1  Parameters and suggested parameter values for the present stochastic mate-matching 
procedure 

 

Description Parameter Value 

Intersection of searching periods B 0.5 
Upper bound of number of potential 

spouses 
N 

normally distributed, 
     ,      

Individual aspiration level    
beta distributed, gender- & age-dependent 

(cp. Figure 3) 

Decrement of aspiration level in case of 
rejection 

   0.1 

Bound for small pool size    10 

Decrement of aspiration level in case of 
small pool size 

   0.3 

 
An important aspect is the size of the pool of 

potential spouses. If it is small, it is not 

reasonable to assume a very selective seeker. To 
increase the chance that each individual finds a 
partner, it is assumed that, if a seeker faces less 
than    potential partners, he/she reduces the 

aspiration level by            , additionally to the 

reduction    induced by having been rejected. 

 
All parameter values for the mate-matching 

procedure are given in Table 1. For Western 
Europe, the chosen parameterization is reasonable 
as the result of the case study in section 4.2 will 
illustrate. Furthermore, a small sensitivity analysis 
in section 4.2 supports the feasibility of the 
chosen parameterization. 
 

To actually construct synthetic couples, a modified 
version of the first variant of the mixed-dominant 
mate-matching procedure that was introduced in 
section 2.2 is used. If for an individual    an 

upcoming partnership event has been simulated, 
i.e.,    enters the searching phase, the following 

steps are performed: 
1. The searching period    of    is determined, 

and his/her level of aspiration    is 

generated. 
2. If the marriage queue   is empty (i.e., 

the partnership market is empty),    is 

inserted into  . 

Otherwise 
o a random number   is drawn, normally 

distributed with expectation   and 

standard deviation  , to define the size of 

the social network of   . If   is greater 

than the current number    of individuals 

in the marriage queue,      is assigned. 

o Randomly, out of  , N individuals are 

taken whose searching periods overlap   , 
and they are inserted into the so-called 
working marriage queue  . 

o Individuals of the same sex as     and 

individuals who do not meet some minimal 
criteria are removed from  . 

o If   turns out be empty,     is inserted into 

 . 
 

Otherwise (if   is not empty) the following 

procedure is triggered: 
(i) If   contains less than    individuals, we 

reduce the aspiration level of     to 

                  , and 

(ii)     is initialized. 

(iii) The  th individual    is taken of  . The 

aspiration level of     is denoted by   . The 

compatibility measure             , or 

            , respectively, between     and 

    is computed. If        and       , the 

individuals     and     get paired, and     is 

removed from  . 

(iv) Otherwise, the aspiration level of     is 

reduced to                   , the 

aspiration level of     to                   , 

and    is incremented by 1. 

Steps (iii) and (iv) are repeated until either    is 
paired or all individuals of   have been inspected. 

 
If no appropriate spouse can be found for   , 
he/she is enqueued into  . 

In other words, if    fails to find an appropriate 

spouse at the first try, he/she joins the marriage 
queue. Here    stays until a new individual enters 

the market, encounters   , and both agree to 

mate. 

 The terms “marriage queue” and “working 
marriage queue” as used in the description were 
introduced by Hammel et al. (1990). To select 
individuals from the working marriage queue, the 

following minimal criteria are used: no incest, no 
remarriage of previously divorced couples, and no 
extreme age differences between the spouses. 
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Figure 3   Densities of the beta distributions that are used to determine aspiration levels regarding 
partners. The densities vary with gender and age. For females, four different curves are 
applied: one below age 18, one for ages between 18 and 30, one between ages 30 and 35, 

and one after age 40. For males, two different curves are applied: one for males younger 
than 30 and the other after age 30 

 

 
 
3.5. The difficulty of getting everybody 

matched 
In a continuous-time microsimulation, events and 
waiting times to events are simulated based on 
empirical rates. Therefore, the computation of the 

entry of an individual into the searching and 

mating phase relies on observed behavior. The 
mate-matching procedure proposed here mimics 
human mating as a decision process. That is, 
matches that are created during simulation are 
the outcome of intended behavior. Consequently, 
not all individuals who engage a mate search 

phase during simulation will find a partner. 
Reasons for this are competition with others or 
simply a short supply of spouses with compatible 
characteristics. In other words, the presented 
mate-matching algorithm does not guarantee that 
each searching individual (i.e., each individual 

who is part of the partnership market and 
therefore an element of the marriage queue) will 
be paired. Mate-matching fails if an individual is 
not able to find within his/her searching period a 

spouse with compatible characteristics. In order to 

be successful, each seeker has to have access to a 
rich enough pool of potential spouses. This can 
only be assured if the model population maps a 
large proportion of an actual population. 
Notwithstanding, if the searching period of a 

“mating-minded” individual (who should find a 

partner but did not succeed) expires, three 
options exist: 

A. Extend the searching period. The 
individual remains in the partnership 
market, i.e., in the marriage queue. 

B. Return the individual to the model 

population unpaired. The individual is 
removed from the marriage queue. He/she 
is again available to experience a 
partnership event. 

C. Let an appropriate spouse immigrate or 
the individual emigrate. The individual is 

removed from the marriage queue. 
The last idea is borrowed from open models, 
where an appropriate spouse may be created “ex 
nihilo”. 
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Each of these three options entails a major 
difficulty. Extending the searching period (option 

A) means shifting the time of the partnership 

event (onset of marriage or cohabitation). 
Rejecting a seeker (option B) implies ignoring an 
already scheduled event. Allowing too many 
emigrating mate seekers or too many immigrating 
spouses (option C) spoils the representativeness 
of the model population. Consequently, in order to 
assure plausible outcomes, searching periods that 

expire without success should be an exception. 

4. MATE-MATCHING IN PRACTISE 

To illustrate the developed algorithm it was 
included into the MicMac microsimulation tool 
(Zinn et al., 2009; MicMac project, 2011). 
Simulations were run to project a synthetic 

population which resembles the population of the 

Netherlands. The state space employed for this 
purpose consisted of the following elements 
(variables with corresponding values given after 
the colons, separated by semi-colons): 

o gender: female; male 
o marital status and living arrangement: 

living at parental home and never 
married; married for the first time, but 
never lived in a union before; married for 
the first time and cohabiting before; 
remarried; living alone and never lived in 
a union before; living alone but cohabiting 
before; living alone and married before; 

first cohabitation; higher order 
cohabitation but never married before; 

cohabitation and married before 
o fertility: childless; one child; two children; 

three or more children 
o educational attainment: low (primary 

education only); medium (lower secondary 

school); high (upper secondary or tertiary 
education) 

o mortality: dead; alive 
 
Simulations were run over 17 years, starting on 
January 1, 2004 up to December 31, 2020. During 

simulation, the focus was set on individuals aged 
between 0 and 63. The initial population consisted 
of 139,048 males and 134,910 females (which 
corresponded to 2% of the actual Netherlands 
population aged 0 to 63 on January 1, 2004). 

During simulation, individuals could experience 
the following events: giving birth (for females), 

leaving parental home, launching a cohabitation, 
marrying, getting divorced or separated, change 
their educational level, and death. 
 
To assure that each “mating-minded” individual 
was matched, option A of section 3.5 was applied: 
if an individual was not successful during his/her 

searching period, the timing of his/her partnership 
onset was shifted. 

4.1. Data 
The initial population and transition rates are the 
essential parameters of any microsimulation. For 
the example, they were estimated using different 

European data sources. The EUROPOP 2004 

projections for the Netherlands (baseline scenario) 
provided by EuroStat3 were used. This data set 

comprises (projected) information on mortality 

and fertility in the Netherlands for the years 2004 
to 2050. Further the Fertility and Family Survey 
for the Netherlands conducted between February 
and May 2003 was used. This survey contains 
micro-information on fertility behavior and 
changes in marital status. Data on educational 
attainment were taken from Goujon (2008). 

 
The initial population was constructed using the 
method of iterative proportional fitting (Kruithof, 
1937; Deming and Stephan, 1940). To estimate 
fertility rates and transition rates regarding 
marital status, a slightly modified version of 
MAPLE (Impicciatore and Billari, 2007) was 

employed. (The initial population and transition 

rates are available on request from the author.) 
 
The proposed mate-matching procedure requires 
the computation of compatibility measures 
between potential spouses. For this purpose, four 

logit models (see section 2.1) were used. Each 
model describes the probability to enter a specific 
partnership type from the perspective of the male 
spouse: 

Model 1: entering first cohabitation; 
Model 2: entering higher order cohabitations; 
Model 3: entering first marriage; 

Model 4: entering higher order marriages. 
An individual who marries his/her common-law 
spouse already chose him/her when entering the 
cohabitation. Therefore, in the two latter models, 

only such marriage events are considered which 
are not preceded by cohabitations. For estimating 
the models, the first wave of the Netherlands 

Kinship Panel Study (NKPS) was used (Dykstra et 
al., 2005). Only partnerships that started in the 
years from 1990 to 2002 were included. A data 
set was constructed that contains for each 
observed couple a record consisting of 

o the age of the male spouse, 

o the age difference between the female and 
the male spouse (in integer years), 

o the levels of educational attainment for 
each spouse, 

o an indicator whether the female spouse 
was married before, and 

o the number of children that the spouses 

have with former partners. 
 
This sample design is retrospective, i.e., in the 
data the attributes of female and male spouses 
were sampled conditional on being paired. To 
accurately estimate a retrospective regression 
model, case and control sampling fractions have 

to be consisted. However, in the present setting 
such data were not available because it cannot be 
observed who in reality did not mate. To add 
information about controls nonetheless, for each 
observed couple a synthetic couple was built by 
randomly assigning to each male spouse a female 

who was not his observed partner. The response 
variable was set to one in the case a couple had 
been observed. Otherwise, the response variable 

was set to zero. Unfortunately, conducting mate-
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matching requires a prospective design: to 
measure the compatibility of a pairing, the 

likelihood that two individuals with certain 

attributes mate is needed. A mandatory condition 
of a prospective model is that case and control 
fractions are made up by the source population, 
i.e., the sampling has to be random. In this mate-
matching procedure, compatibility between two 

potential spouses is measured on a relative scale, 
depending only on the attributes of two 

individuals, and not on the composition of the pool 

of available candidates. Therefore, for present 
purposes the estimation of a prospective logit 
model is suitable (see also Prentice and Pyke 
(1979)). 

Table 2  Regression results of Model 1 (entering first cohabitation) and 2 (entering higher order 
cohabitation). 

 

Model 1   

Variable Coefficient p-value 

Age of male 0.0521 0.0046 
Age difference (age of male – age of female)   
 greater than 9 -2.9876 <0.001 

 from 7 to 9 -1.4633 <0.001 
 from 4 to 6 -0.4862 0.0108 
 from -3 to 3 0  
 from -6 to -4 -1.4360 <0.001 

 from -10 to -7 -2.8137 <0.001 
 smaller than -10 -3.0582 <0.001 
Difference in educational level   
 male is higher or equally educated 0.6424 <0.001 
Marriage history of female   
 female was married before -0.2811 0.1833 

Number of potential pairs: 1078   

 
 

Model 2   

Variable Coefficient p-value 

Age of male 0.0550 0.0013 

Age difference (age of male – age of female)   
 greater than 10 -3.5428 <0.001 

 from 4 to 10 -3.5428 <0.001 
 from -3 to 3 0  
 from -10 to -4 -1.0105 0.0021 
 smaller than -10 -3.1277 0.0196 
Difference in educational level   
 male is higher or equally educated 0.7825 0.0148 
Children with former partner   

 female has children 1.6754 <0.001 

Number of potential pairs: 394   

 
 
4.2. Results 

4.2.1. Evidence from the compatibility measure 

The coefficients of the estimated logit models are 
summarized in Tables 2 and 3. In all models, a 
positive effect can be observed if the male was 
higher/equally educated than/as the female. 
Generally, no significant effect of the marriage 

history on the mating propensity of the male can 
be detected. However, the results indicate that, 
when they married or cohabitated for the first 
time, men were more prone to mate women who 
had not been married before. Women and men 
who mated were more likely to be of the same 
age. The effect is stronger in the case of first-

order marriages and cohabitations. In all four 

models, the direct effect of the age of the male is 

very small. Modeling compatibility by partnership 
order might be a reason for this phenomenon. 

First partnerships are usually started at younger 
ages, while higher order partnerships follow later 
in life. Therefore, a man's age at partnership 
onset is already indirectly described by the 

partnership type. In the analysis, men had a 
higher probability to undergo a higher order 
cohabitation with a female who had already had 
children with former partners. Surprisingly, for the 
other partnership types, no significant effects of 
the presence of children with former partners on a 
male's mating probability could be observed. 
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Table 3  Regression results of Model 3 (entering first marriage) and 4 (entering higher order marriage). 
 

Model 3   

Variable Coefficient p-value 

Age of male 0.0646 0.0650 
Age difference  
(age of male - age of female) 

  

 greater than 10 -3.3997 < 0.001 
 from 7 to 10 -1.4934 0.0110 
 from 3 to 6 -0.8026 0.0692 
 from -2 to 2 0  
 from -5 to -3 -1.5026 0.0263 
 smaller than -5 -4.3357 < 0.001 

Difference in educational level   
 male is higher or equally educated 0.8493 0.0525 
Marriage history of female   
 female was married before -0.4314 0.4873 

Number of potential pairs: 198   

 
 

  

Model 4   

Variable Coefficient p-value 

Age of male -0.0120 0.6618 
Age difference  (age of male - age of female)   
 greater than 8 -2.9174 < 0.001 
 from 4 to 8 -1.6287 0.0547 
 from -3 to 3 0  
 smaller than -4 -3.2270 < 0.001 

Difference in educational level   
 male is higher or equally educated 1.2949 0.0743 

Number of potential pairs: 82   
 
 

4.2.2. Re-estimating empirical transition rates 

To assess the quality of the proposed mate-
matching strategy, validating the simulation 
output is a good and useful practice. Besides basic 
validation of the simulation output, important 
hints for model improvement can be gained from 
careful analysis of the results. During the mate-

matching process several simplifying assumptions 
were made, e.g., shifting event times, and these 
may have an undue impact. A very basic 
validation step is the re-estimation of the 
empirical transition rates which were used as 
input, by occurrence-exposure rates (Keiding, 
1990). To smooth these rates, a two-dimensional 

P-splines technique was employed (Currie et al., 
2006) that has been implemented in an R package 
named MortalitySmooth (Camarda, 2009). The re-

estimation of rates shows that a simulation with 
mate-matching causes consistent output. Some 
results are plotted in Figures 4 and 5. Both figures 

are level plots4. Empirical rates along with re-
estimated rates are presented. Rates are given 
along calendar time and age. Their values are 
depicted on a “rainbow” color scale: red areas 
correspond to very low rates and violet-pink areas 
correspond to high rates. Figure 4 shows 
transition rates of childless women with a lower 

secondary (medium) education who experience a 

transition from “being single after leaving parental 
home” to “first cohabitation”. Figure 5 depicts 
transition rates of highly educated males who 
experience a transition from “being single after 
leaving parental home” to “first marriage”. During 
simulation both sets of transition rates varied 

along age but were held constant over calendar 
time. Figure 4 reveals that, for women with a 
lower secondary education, empirical and re-
estimated marriage rates are almost identical, i.e., 
here the proposed mate-matching procedure does 
not significantly change the output of the 
simulation model. 

 
Figure 5 shows that, for highly educated men, the 
proposed mate-matching procedure causes a 

slight postponement of partnership onsets in the 
first simulation period. Especially at higher ages, 
re-estimated marriage rates are slightly lower 

than the empirical ones. However, considering the 
precision of the used rates scale, the observed 
differences are very small. In summary, the 
results obtained mean that the re-estimation of 
the transition rates confirms the general suitability 
of the proposed mate-matching procedure. 
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Figure 4   Re-estimation of transition rates of childless females with a lower secondary (medium) 
education who experience a transition from “being single after leaving parental home” (nSI) 
to “first cohabitation” (nCO). 
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Figure 5   Re-estimation of transition rates of highly educated males who experience a transition from 
“being single after leaving parental home” (nSI) to “married” (nMA). 
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Figure 6  Age distribution of unsuccessful seekers at the time when they enter the partnership market. 

 

 
 
4.2.3. Analyzing the pool of unsuccessful seekers 
Analyzing the simulated partnership market over 
time is a way to reveal whether its dynamics 
resembles human mating behavior. In particular, 

the composition and the development of the pool 
of unsuccessful seekers is of interest. During the 
simulation, 40,585 partnership formations were 
performed, 19,050 due to marriage and 21,535 
due to cohabitation. Thus, 8,170 individuals 
successfully entered and left the partnership 

market. Because the algorithm could not find a 
proper spouse in time, the searching period of 
approximately ten percent of all seekers had to be 
extended. Over 17 years of simulation, 5,397 

individuals had entered the market without finding 
a spouse. Figure 6 displays the age distribution of 
unsuccessful seekers according to the year when 

they had entered the partnership market. 
Individuals who initialized a partner search at 
older ages remained more often unpaired than 
their younger counterparts. This phenomenon 
occurred because during simulation the synthetic 
mating pool for individuals at older ages was not 
as rich as it was for younger persons. 

Consequently, for older individuals the chance of 
finding an appropriate spouse was relatively small. 
Figure 6 also shows that the age distribution of 
unsuccessful seekers did not significantly change 
over the simulation horizon. These findings were 
contrasted with the number of unsuccessful 

seekers along the year (see Figure 7). A decline 
along calendar time is obvious. In summary, along 
calendar time the number of unsuccessful seekers 
decreased, but the age distribution of unsuccessful 

seekers remained stable. This phenomenon is 
caused by the age structure of the model 
population. Generally, at older ages only a small 
proportion of individuals enters the partnership 
market. As the model population ages during 
simulation, over time the number of mature adults 

who enter the market however goes up. 
Therefore, for them the chance of finding an 
assortative mate increases, and in the synthetic 
pool the number of aged individuals who remain 

unpaired shrinks. But still, compared to younger 
seekers, the mating pool of older adults is 
reduced, e.g., due to mortality or a high 

proportion of married persons at the same age. 
Decreasing the aspiration level of elderly people is 
an option to increase their chance to find a 
partner. However, this also means to allow 
constructing non-assortative matches, and thus 
building couples whose attributes do not resemble 
the attributes of observed couples – a property a 

mate-matching procedure should guarantee. That 
is, decreasing the aspiration level of elderly people 
impairs the proposed mate-matching strategy 
rather than to improve it. 
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Figure 7  Number of unsuccessful seekers according to the year when they initialize a partner search. 

 

 
 

4.2.4. Comparison of attributes of actual and 
simulated couples 

It is essential for the usefulness of the proposed 

mate-matching strategy that it resembles actual 
characteristics of partners in couples. Therefore, 
as a further validation step, the distribution of 
joint characteristics was analyzed, with a special 
emphasis on differences in educational attainment 

and age. The differences in the educational level 
of synthetic couples were compared to those of 
couples given in the NKPS (in the range from 1990 
to 2002). Figure 8 contrasts simulated and actual 
data concerning the educational level within 
married couples (upper graph) and cohabiting 
couples (lower graph). Two types of couples are 

differentiated: couples in which the man is higher 
educated than the woman and couples in which 
both partners are equally educated. To account for 
eventual age effects, couples are additionally 
differentiated according to the man's age at 

partnership onset: couples were considered where 
the man was younger than 30 years, couples 

where he was between 30 and 40 years old, and 
couples where he was older than 40 years. All 

presented numbers are given relative to the total 
number of couples in each age category. That is, 

the proportion of couples in which the woman is 
higher educated than the man can easily be 

derived by subtracting the numbers given for each 
age category from one. For married couples, 
comparing simulated and actual data shows a 
difference of maximal nine percentage points (in 

the category “couple in which the woman is higher 
educated than the man and the man has married 
younger than 30”). For cohabiting couples, the 
maximal difference between simulated and actual 
couples is seven percentage points (in the 
category “couple in which the woman is higher 
educated than the man and the man has married 

when he was between 30 and 40 years old”). 
Overall, in the considered categorization the 
relative numbers of simulated and actual couples 
differ only slightly. This result shows that the 
simulation satisfactorily captures the overall 

pattern of differences in the educational level of 
spouses. 
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Figure 8  Differences in the educational level of spouses in observed and simulated couples. Each bar 
shows the percentage of females in the corresponding category. 

 
 

 

Figure 9  Age differences of spouses in observed and simulated couples. 
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Figure 9 depicts the distribution of age differences 
of cohabiting and married spouses (age of male 

minus age of female). The shapes of the simulated 

and actual frequency distributions, respectively, 
are very similar. Stochastic mate-matching 
algorithms that have so far been employed 
generally produce age difference distributions that 
are too flat (Leblanc et al., 2009). They are not 
capable of reproducing the observed peak at 
differences of       . The proposed mate-matching 

algorithm is able to overcome this problem. 

4.2.5. Handling situations of (relative) 
competition 

A fundamental feature that demographers demand 
from a realistic mating model is the handling of 
(relative) competition (McFarland, 1972): an extra 

supply of single men of a certain age should 

decrease the number of paired men at all other 
ages (competition). The effect should be most 
pronounced at ages neighbouring the age group 
with the surplus of single men (relative 
competition). At the same time, the number of 
partnered women should increase over all ages. 

To check whether the present mate-matching 

procedure can handle such a situation, in the 
initial population the number of single men aged 

27 was doubled. A comparison of the partnerships 

built under the initial and the modified setting 
shows that the proposed mate-matching 
procedures copes well when strong competition is 
present. In the cohort of men who turn 28 in 
2004, an increased number of partnered men 
could be observed, but the number did not double 
as compared to the initial setting. Because of the 

surplus of younger rivals, the number of partnered 
men older than 28 declined. The effect is 
strongest in the neighbourhood of age 28 - which 
attests that the matching algorithm is able to 
handle situations of relative competition. For ages 
lower than 26, the number of partnered men is 
nearly identical to the initial setting. In this model 

the conditions, whether a female enters the 

partnership market or not, depends on her 
personal propensity and not on the availability of 
men. Therefore, even with a surplus of men in the 
mating pool, the number of partnered females 
remains stable. 

Figure 10   Comparison of re-estimated transition rates of highly educated males who experience a 
transition from “being single after leaving parental home” (nSI) to “married” (nMA). The 
left graph shows the empirical input rates used. The graph in the middle displays re-
estimated rates from a simulation run with           (intersection of the searching 

periods), and the right graph shows re-estimated rates from a simulation run with   
          . 
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4.2.6. Sensitivity analysis of parameter values of 
algorithm 

For the parameterization of the developed mate-

matching algorithm specific values were proposed 
(cf. Table 1 on page 10). All parameter values 
were chosen deliberately. By means of sensitivity 
analysis their suitability was substantiated. In the 
following, the most important findings are 
discussed.  
 

Setting the intersection of the searching periods 
(parameter  ) to half a year was a compromise 

between finding enough potential partners in the 
market and not to be forced to strongly shift the 
event times that have been computed based on 
the microsimulation model. Testing different 
values for   showed that giving values bigger than 

half a year to   biased the simulation output 

regarding the timing of events more than setting 
  to half a year. Choosing values smaller than half 

a year remarkably reduced the success probability 
of finding a proper spouse. As an example, for 
          and for              Figure 10 shows 

along empirical rates (left graph) re-estimated 
transition rates (graph in the middle and right 
graph) of highly educated males who experience a 

transition from “being single after leaving parental 
home” to “married”. Figure 10 is a level plot4 that 
presents rates along age and calendar time on a 
“rainbow” color scale. Compared to the empirical 
input rates,           (graph in the middle) gave 

mating times significantly postponed in age and 
time. Especially, in the first year of simulation the 

proportion of mating events was significantly 

lower than indicated by the empirical input rates. 
In latter simulation years, the proportion of mate-
matching events increased, partly following the 
pattern indicated by the empirical rates. For 
             (right graph) the re-estimated rates 

were significantly lower than the empirical input 
rates, implying a large proportion of unsuccessful 

mate-seekers. 
 
Decreasing the decrement    of the aspiration 

level in case of rejection (in the original setting 
      ) showed results similar to setting   to a 

value smaller than half a year: the chance to find 
an appropriate spouse in time decreased, and the 

simulation output was significantly biased. A small 
value of   , like 0.01, meant that mate-seekers 

did not adequately adjust their aspiration 
according to the supply of potential spouses in the 
partnership market. Hence, mate-seekers were 
too “choosy”, and during simulation a large 
proportion of mate-seekers stayed unpaired. In 
contrast, setting     to a relatively large value, like 

0.5, caused mate-seekers who are not very 
discriminating regarding their conformance with 
potential spouses. As a consequence, simulated 
couple characteristics considerably differed from 
actual characteristics of partners in couples. For 
example, for        the simulated distribution of 

age differences of cohabiting and married spouses 

were considerably flatter than the one of actual 
partners in couples (cf. section 4.2.4). 
 

Considering in the case study two percent of the 

Netherlands population meant a large enough 
proportion of a real population to assure that 

during simulation the pool of potential partners 

was mostly well filled. The situation that a seeker 
faced less than ten potential partners was reached 
infrequently. If aspiration levels were 
decremented because of “small pool size” 
(parameter   , in the original setting       ), 
then mostly in the initialization phase of 
simulation when the partnership market had been 
filled or when mature adults looked for a spouse 

(because they faced a reduced mating pool, cf. 
section 4.2.3). For example,        resulted in a 

slightly higher proportion of elderly people who 
stayed unpaired than       . 
 
Decreasing the mean size   of the upper bound of 

potential spouses that an individual can meet 

remarkably enlarges the pool of unsuccessful 
searchers. For example, for      (in the original 

setting      ) a surplus of almost ten percent 

individuals was found to remain unpaired in the 
partnership market. (The variability parameter   

of the pool size was set to 30.) Enlarging the 
mean size   of the upper bound of potential 

spouses did not significantly affect the outcome of 
the mate-matching procedure, however, came at 
the expense of longer run times. 

5. DISCUSSION AND OUTLOOK 

In contrast to conventional population projection 
models, dynamic microsimulations are suitable to 
directly handle interactions between individuals, 

e.g., married couples (van Imhoff and Post, 
1998). Modeling relations between spouses 

necessitates creating synthetic (married or 
cohabiting) couples, so an effective mate-
matching procedure is needed. In this paper, the 
implementation of a technique to create synthetic 
couples, i.e., to match individuals, in a 
continuous-time microsimulation setting has been 
proposed and described. 

 
For microsimulation models, two different 
approaches exist to handle the matching of 
spouses (see section 2). In open models, an 
appropriate partner is created when needed. By 
contrast, in closed models an appropriate partner 
has to be found among the individuals of the 

model population. In terms of modeling and 
simulation, open models are straightforward; 
however, their interpretation is difficult. How can 
the appearance of a spouse be explained that was 
not present before? Closed models have a more 
plausible interpretation as marital matches are 

formed between individuals that already exist. 
Corresponding modeling and simulation 
approaches have to incorporate sophisticated 
matching algorithms that ensure the creation of 
synthetic marriages that follow a realistic pattern. 
Several suitable matching algorithms exist, but all 
of them apply to discrete-time models. No 

matching algorithm has so far been proposed for 
closed microsimulation models with a continuous-
time scale. In discrete-time models, annual 
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marriage markets are applied to create couples. 
This is a natural choice as in discrete-time models 

events are determined to occur in a given year. In 

continuous-time models by contrast, where events 
can occur at any point in time, annual marriage 
markets do not fit (see section 3.2). 
 
Therefore, in this paper it has been suggested to 
implement one partnership market that individuals 
can enter and leave over the complete simulation 

time range (cf. section 3). In a continuous-time 
microsimulation, individual life courses are 
specified as sequences of waiting times to a next 
event. That is, the time point when individuals will 
experience the onset of a marriage or a 
cohabitation can be determined in advance. In the 
present mate-matching procedure, the waiting 

time until marriage or cohabitation onset is used 

for scanning potential partners. At the moment 
the simulation triggers for an individual as next 
event a marriage or a cohabitation event (i.e., 
when an individual's wait for a partnership event 
starts), the individual enters a partnership market. 

Here, each “mating-minded” individual remains for 
a specific period of mate-searching and matching. 
In the market, the individual meets a limited 
number of potential partners at random. Each 
simulated individual exhibits a certain level of 
aspiration concerning attributes of potential 
spouses. To build synthetic couples, a decision-

making process is simulated as to whether two 
individuals date each other by applying the 
individuals' aspiration levels and their mating 
probability. (Relying on the theory of assortative 

mating, pairs with similar attributes, like similar 
ages and educational levels, have a higher 
probability of mating.) A couple is formed if a 

positive decision has been made and the timing of 
the couple's partnership formation events is 
consistent regarding their individual searching 
periods. Individuals that were inspected, but 
rejected, lower their level of aspiration 
accordingly. A marriage queue is used to 

implement the partnership market as basis for the 
matching procedure. 
 
In order to illustrate the capability of the 
presented algorithm the MicMac microsimulation 
tool has been extended (Zinn et al., 2009). Using 
data from the Netherlands Kinship Panel Study 

(NKPS), logit models were estimated to quantify 
the likelihood of a union between potential 
pairings (see section 4.2.1). The results were in 
accordance with common knowledge, e.g., among 
other aspects, the observation was made that 
people mate assortatively. Applying the estimated 
logit models as compatibility measure, simulations 

were run to project a synthetic population based 
on the population of the Netherlands (section 4). 
To quantify marriage behavior micro-data from 
Statistics Netherlands were used. Population 
projections were conducted over 17 years, from 
2004 to 2020. 

 
To assess the quality of the proposed mate-
matching technique, two validation steps were 

employed: first the empirical transition rates used 

as input were re-estimated from the simulation 
output (see section 4.2.2). Then the distribution of 

joint characteristics in actual and simulated 

couples was analyzed (see section 4.2.4). 
The first strategy showed whether simplifying 
assumptions made during the mate-matching 
process caused biased simulation outcome. For 
example, slight changes to event times are 
allowed to form partnership onsets. Another, more 
severe problem arises in the case of unsuccessful 

searchers. If an individual is not able to find an 
appropriate partner during his/her searching 
period, currently his/her searching period is 
extended for half a year. A seeker might generally 
suffer from an exploited partner market, and 
his/her searching period is thus extended over 
and over again. Such shifts of event time mean 

ignoring already generated events and are in 

conflict with the stochastic model used for 
simulating life course events. In summary, 
empirical and re-estimated rates were not 
remarkably different. Consequently, the proposed 
mate-matching algorithm is suitable for successful 

incorporation into a continuous-time 
microsimulation. 
 
In the second validation step, it was analyzed 
whether the attributes of simulated couples 
resemble the attributes of observed couples. The 
results showed that the proposed algorithm 

produces acceptable outcomes, e.g., it is capable 
of closely reproducing the distribution of the 
educational level of synthetic couples. 
Furthermore, the developed mate-matching 

algorithm copes with the challenge to reproduce 
the observed peak of the frequency distribution of 
age differences of spouses, an objective which 

other stochastic mate-matching algorithms failed 
to achieve (Leblanc et al., 2009). 
 
Generally, a realistic mating model should be 
capable of handling situations of competition 
among mate searchers, i.e., an extra supply of 

single men of a certain age should decrease the 
number of paired men at all other ages 
(McFarland, 1972). Testing the developed mate-
matching strategy to that effect showed that it is 
able to handle such situations (see section 4.2.5). 
 
For the developed algorithm a specific 

parameterization was proposed (cf. Table 1 on 
page 10). It was argued that for western 
European societies the chosen parametrization 
results in reasonable simulation outcome. To 
circumstantiate this argument a succinct 
sensitivity analysis was conducted, varying 
parameters (see section 4.2.6). In particular, the 

length of the searching period was varied, the 
upper bound of the maximal number of potential 
spouses, the decrement of the individual 
aspiration level in case of rejection, and the 
decrement of the individual aspiration level in case 
of small pool size. In summary, for the considered 

case study, the sensitivity analysis confirms the 
feasibility of the chosen parametrization. 
 

The mate-matching strategy presented in this 
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paper can and will be extended. At the moment, 
individuals are matched based on actual 

preference patterns. However, preferences 

concerning the characteristics of a partner might 
change over calendar time, and such changes 
should be considered in the mate-matching 
process. Currently, the quality of a match has no 
effect on the stability of the union. However, the 
inclusion of quality seems natural. Furthermore, in 
the current model, individuals enter the 

partnership market based on empirical marriage 
rates or based on rates indicating cohabitation 
propensities. To correctly determine partnership 
events, however, instead of marriage or 
cohabitation rates, rates indicating the willingness 
to mate would have to be used. One way to obtain 
those rates would be to hypothesize them based 

on external knowledge of the phenomenon. 

Pairing individuals generally raises problems 
concerning the modeling and simulation of linked 
lives. An abstract DEVS (Discrete Event 
Specification Language)-based model to establish 
and simulate linked lives in continuous-time is 

currently under examination. 
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Notes 
1 Author’s current affiliation: University of 
Bamberg, National Educational Panel Study, 
Bamberg, Germany. 
2 That is, the length of the searching period is 

determined exogenously. In doing so, an approach 
proposed by Billari (2000) is adopted. However, as 
opposed to Billari (2000) heterogeneity in the 
length of the searching period is not considered 
explicitly. 
3 http://epp.eurostat.ec.europa.eu/portal/page/ 

portal/statistics/ 
4 A level plot is a type of graph that displays on a 
colored surface three dimensional data points. 

Different colors map different valued data points. 

Commonly, abscissa and ordinate correspond to 
time or geographical dimensions. A level plot is an 

alternative to a contour plot. 
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