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Estimating kinship networks is a data-intensive undertaking, usually conducted using empirical sources or

demographic models. Although empirical data, such as population registers, provide observed individual-

level information, they are limited by availability, truncation, and survivorship bias. Demographic models,

including microsimulation, require less detailed data, but they often minimally account for population

heterogeneity, family similarity, and multi-partner fertility. This study examines the agreement of kin

counts (from grandparents to grandchildren) between SOCSIM microsimulation outputs and Swedish

population registers for cohorts born between 1915 and 2017. The results show that microsimulation

closely approximates mean kin numbers and reasonably reflects parity distributions. Microsimulation

underestimates kin for recent cohorts not affected by truncation but provides a more accurate

representation of kin for earlier cohorts with missing parent—child links. These findings highlight the

utility of microsimulation for reconstructing kinship when only population-level rates are available,

supporting its application in kinship analyses, both historical and projected.
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Introduction

Kinship networks are a fundamental aspect of human
life, surrounding individuals from birth to death.
These networks extend beyond the nuclear family
to include relatives linked by biological, legal, or not-
mative ties. Despite their importance across the life
course, as a source of support and intergenerational
exchange, our knowledge of kinship networks
remains limited, particularly from an international
and comparative perspective. Few countries world-
wide have high-quality longitudinal demographic
data with the information necessary to study
kinship, making the consideration of alternative
methods for examining other contexts essential
where such detailed data are not available.

In this study, we use the Swedish population regis-
ters as an empirical benchmark to assess the accuracy
of kinship estimates derived from a relatively simple
microsimulation model, which uses population-level
demographic rates as inputs. By comparing these
two approaches, we examine the potential and limi-
tations of using demographic microsimulation to
count kin. The term ‘kin counts’ refers to the mean
number and the distribution of a given type of kin
for individuals at each age within a birth cohort.
While this analysis is based on the unique Swedish
data context, the goal is to enhance our understand-
ing of the accuracy of synthetic kinship networks,
which could be used to study kinship in other settings
where only demographic rates are available. This
assessment contributes to the long-standing debate
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on the usefulness of demographic microsimulation to
study kinship, a subject that was first discussed in the
1990s (Ruggles 1993; Hammel and Wachter 1996;
Wachter et al. 1997, 1998; Wolf 2001).

Given a population register of sufficient quality
and longitudinal depth, it is possible to reconstruct
the entire kinship network of a given individual
(hereafter referred to as ‘ego’) based on data on
their parents and children. Starting from ego’s
parents and children, the researcher can move up
and down generations to identify: ego’s parents’
parents (i.e. ego’s grandparents); ego’s parents’ chil-
dren (i.e. ego’s siblings); ego’s children’s children
(i.e. ego’s grandchildren); ego’s grandparents’ chil-
dren (i.e. ego’s aunts and uncles); ego’s siblings’ chil-
dren (i.e. ego’s nieces and nephews); ego’s aunts’ and
uncles’ children (i.e. ego’s cousins); and so on.
Kinship networks can be extended by including rela-
tives through marriage. However, these reconstruc-
tions can be more challenging in practice due to
limitations in the available data needed to link
parents and children across multiple generations.

There are two common approaches to estimating
kinship networks within a population. One approach
is to derive them empirically using sources such as
administrative registers, surveys, censuses, or ethno-
graphic methods. The other approach uses modelling
techniques, such as formal demographic methods
(Caswell 2019, 2020, 2022, 2024; Caswell and Song
2021; Caswell et al. 2023; Caswell and de Vries
2025) or demographic microsimulation (Ruggles
1993; Zhao 2006; Zagheni 2015). Each approach
has its advantages and limitations, which can result
in differences in kinship estimates.

While empirical kinship counts offer detailed indi-
vidual-level information, they are limited by factors
such as data availability, coverage, truncation, and
survivorship bias. For instance, kinship networks
can be reconstructed from population registers
using parent—child links (Kolk et al. 2023; De Bel
et al. 2025). Surveys such as the Netherlands
Kinship Panel Study (Dykstra et al. 2006) and the
United States (US) Panel Study of Income
Dynamics (Daw et al. 2016) can be used to estimate
kinship, but missing links can result in incomplete
networks. Censuses can provide insight into family
relationships within households, both historically
and in the present day. Ethnographic methods can
also offer valuable qualitative insights into kinship
within smaller groups or co-resident families.
However, they do not allow for comprehensive
population-level estimates. Conversely, analytical
or microsimulation models can be run using popu-
lation-level data but may not capture the full

complexity of real-world population dynamics. In
such cases, the average number of kin, and some-
times kin distributions, can be estimated from math-
ematical models or by tracing kinship relationships
for the synthetic individuals produced by microsimu-
lation using a similar parent—child linking procedure
to that already described for reconstructing kinship
networks using registers.

As high-quality empirical data at the individual
level are rare, demographic models of kinship using
population-level data are a good alternative for esti-
mating kinship networks. Specifically, demographic
microsimulation is a computationally intensive, indi-
vidual-based tool used to model individual demo-
graphic events that are consistent with macro-
demographic rates, to gain insights into life-course
transitions (Zagheni 2015). It allows the reconstruc-
tion of the demographic history and kinship networks
that would have been observed at any given point in
time during the simulation (Murphy 2010a). Among
the most widely used microsimulation programmes,
SOCSIM requires age-specific fertility rates and prob-
abilities of death, whereas CAMSIM uses parity pro-
gression ratios, probabilities of death, mean ages at
first marriage, and proportions never married. There-
fore, the demographic events experienced by the syn-
thetic individuals (and their timing) are determined
by the input parameters and the assumptions under-
lying the microsimulation. However, the two simu-
lators take different approaches. SOCSIM takes a
population perspective and considers changes in
demographic rates over time, whereas CAMSIM
takes an ‘ego-centric’ perspective and is based on
the assumption of demographic stability (Zhao
2006). SOCSIM’s population- and time-driven
approach makes it ideal for estimating kinship net-
works over time, modelling groups of individuals
(e.g. parents who have lost a sibling), and comparing
these networks with empirical data over multiple
generations.

Demographic microsimulation has been in use for
several decades. However, since the 1990s there has
been some debate about its ability to replicate the
underlying dynamics of real populations and
produce accurate kinship estimates. Notably, in
‘Confessions of a microsimulator’, Ruggles (1993)
identified some issues with kinship microsimulation,
particularly when correlations in demographic be-
haviour between family members were ignored. Sub-
sequent external evaluations compared the accuracy
of SOCSIM microsimulations with historical census
data (Hammel and Wachter 1996) and survey
results (Wachter et al. 1997, 1998), showing that
the microsimulation outputs partially aligned with



the empirical data. However, these studies also
identified factors that may limit the ability of micro-
simulations to describe the complexity of real popu-
lations fully. These analyses highlighted that
discrepancies between microsimulated and empirical
data were to be expected when simplifying assump-
tions were made. At the same time, such differences
could have been taken as supporting Ruggles’ con-
cerns about the limitations of microsimulations,
thereby hindering their wider implementation. Fur-
thermore, Wolf (2001) cautioned that attempting to
account for all sources of variability in the sampling
process and for uncertainty in the parameters could
yield meaningless results and that simple Monte
Carlo replication under fixed inputs offered limited
reassurance. Our study builds on this literature and
contributes to the debate in two ways. First, it assesses
the extent to which microsimulations can reasonably
approximate observed empirical data when operating
under simplifying assumptions. Second, it shows that
certain limitations of register data for estimating kin
can be addressed using ‘fully tracked’ microsimula-
tions. The key potential sources of discrepancies
between approaches are outlined next.

Some features of the data or assumptions under-
lying microsimulations may lead to differences
between synthetic kinship networks and those
based on empirical data. First, since microsimula-
tions are the outcomes of the input data (and par-
ameters), the only uncertainty in simulated kinship
networks should arise from their stochasticity
(Zagheni 2015). The demographic events experi-
enced by the simulated individuals are randomly
assigned and executed, often using a competing
risks model, according to predetermined rates or
probabilities (Ruggles 1993; Zhao 2006; Zagheni
2015). However, demographic data, typically avail-
able as population-level rates, may not fully reflect
the heterogeneity of real populations. For instance,
data by marital status or parity, which would allow
for a more accurate kin distribution, are usually un-
available. Such a lack of data disaggregation may
result in rather homogeneous synthetic populations.

Second, the resemblance in demographic behav-
iour between members of the same kinship group
is often disregarded in microsimulation models.
According to Ruggles (1993), ignoring these correl-
ations can bias the mean number of kin downwards
and result in a more homogeneous distribution
than would be the case in real populations. In some
simulators, this could be partially accounted for by
adjusting some parameters (e.g. the heterogeneity
and heritability of fertility) or by defining groups
based on demographic resemblance within families.
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However, this would require more detailed data,
including family links that are rarely available and/
or significant calibration of the input rates.

Third, partnership and fertility models must rely
on simplifications of real-world dynamics. Microsi-
mulation models can be closed (where partners are
selected from simulated living individuals) or open
(where partners with suitable characteristics are
created when needed for marriage) (Zhao 2006;
Zagheni 2015). Simulating childbearing within mar-
riages or partnerships according to women’s fertility
schedules may not introduce bias into estimates for
periods when marital fertility is the norm.
However, when childbearing does not necessarily
occur within marriage, accurately simulating fertility
behaviour requires data disaggregated by age, parity,
and marital status, and these are rarely available.
Furthermore, to simulate realistic kinship networks,
both the maternal and paternal lines would need to
be captured. This would require a two-sex fertility
and partnership model, demanding a substantial
quantity of data and modifications to the common
configuration of the simulator. When such detailed
data are unavailable, microsimulation results may
underestimate multi-partner and non-marital fertil-
ity and may produce less accurate estimates of
men’s fertility. These limitations may be most appar-
ent when studying family relationships that arise
from a separation followed by a new union.

In addition, certain characteristics of the empirical
data may result in discrepancies with the microsimu-
lated kinship networks. For instance, empirical
kinship counts are often affected by left-truncation,
whereby information is missing for individuals born
close to the start of the registration system or data col-
lection period. In particular, truncation of parent—
child links in most administrative registers can limit
the depth of complete kinship reconstruction, unlike
in microsimulations, which track the entire popu-
lation. Moreover, population registers often suffer
from survivorship bias as they tend to count only indi-
viduals who have survived to a given date.

Administrative sources count the current popu-
lation of a country, implying that both ancestral
populations and recent arrivals are included.
However, only long-settled populations have the
deep kinship networks required for them to be
counted using national data. The extended kinship
networks of more recent arrivals cannot be fully
traced using data from their destination country
alone. Therefore, empirical kinship counts in
national administrative data are limited to ancestral
populations whose ancestors registered vital events.
International migration can also truncate
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administrative sources if vital events occur outside
the country’s borders and are thereby not recorded.
Empirical kinship counts are therefore likely to
differ from estimates derived from methods using
population-level demographic rates as inputs (i.e.
microsimulations). This discrepancy arises from the
fact that population-level rates are calculated based
on the total population, including, for example,
births and deaths among short-term migrants.
However, individuals with observable descendants
within the country represent only a subset of the
national population, as kinship ties within a
country can be truncated by international migration.
Given the potential discrepancies between kinship
networks derived from microsimulated and those
derived from empirical data, it is scientifically valu-
able to compare the agreement between the two
approaches systematically. Microsimulation, despite
its necessary simplifications and assumptions, is a
valuable approach for estimating kinship relation-
ships when empirical individual-level data are
unavailable. Using observed demographic rates, it
produces fully tracked synthetic populations whose
vital events and kinship networks can be traced
over time, without the common limitations of
empirical data (e.g. coverage gaps, truncation, and
survivorship bias). Therefore, comparing kinship
estimates derived from microsimulation with those
derived from empirical sources can help us to under-
stand where the two approaches align or differ and
how model assumptions in the microsimulation or
constraints in the empirical data contribute to any
discrepancies. To our knowledge, few studies have
directly compared microsimulated and empirical
kin counts. Notably, Hammel and Wachter (1996)
used a Slavonian historical census, and Wachter
et al. (1997, 1998) used US national survey data.
Other studies have contrasted microsimulated popu-
lation structures with census enumerations, examin-
ing age distributions in Chinese censuses (Hammel
et al. 1991) and the age and marital status distri-
butions in British censuses, or compared the pro-
portions of the population with different types of
kin using a survey (Murphy 2010a, 2010b, 2011).
However, no such comparisons have yet been con-
ducted using a comprehensive kinship enumeration
based on empirical data for an entire population.
Our research contributes to filling this gap by provid-
ing a systematic assessment of agreement between
microsimulated and register-based kin counts.
Among the empirical sources for counting kin,
Sweden’s long historical records of high-quality
administrative population data provide an ideal
basis for comparison. Here, we compare kin counts

derived from the SOCSIM demographic microsimu-
lation programme (Hammel et al. 1976) using fertility
and mortality data for Sweden with empirical kin
counts estimated from the Swedish population regis-
ters, as provided in the ‘Swedish kinship universe’ by
Kolk et al. (2023; see their Online Appendix 2).

With this systematic comparison, we aim to shed
light on the accuracy of synthetic kinship networks
derived only from fertility and mortality data. This
will offer valuable insights for researchers seeking
to use microsimulation to study kinship in contexts
where more detailed demographic data are
unavailable.

Data and methods

In this paper we assess the agreement between micro-
simulated and register-based kin counts by comparing
the empirical estimates of kinship for a large number of
kinship types obtained in a previous register-based
study by Kolk et al. (2023) with the estimates of
similar kin quantities obtained from a simulated popu-
lation of Swedish individuals produced using the
SOCSIM microsimulation programme. We started
the analysis by running a demographic microsimula-
tion of the Swedish population from 1751 to 2017 to
obtain a complete register of all individuals ever
alive during the simulated period, including their
vital events and kinship relationships.

SOCSIM is an open-source microsimulation
programme —originally developed at the University
of California, Berkeley (Hammel et al. 1976) and
written in C programming language —that has been
used for decades in demographic research to study,
among other things, kinship network availability
(Murphy 2010a, 2010b, 2011; Verdery and Margolis
2017; Margolis and Verdery 2019; Alburez-Gutierrez
et al. 2021) and loss (Zagheni 2011). The microsimu-
lator requires as input an initial population file with
individual information on date of birth and sex, and
also monthly age-specific fertility rates and age-
specific probabilities of death that apply over the
simulated period to individuals of a given sex,
‘group’, and marital status. (SOCSIM offers the
option to create different ‘groups’ within the simu-
lated population and to define different rates for
their members based on characteristics such as ethni-
city, location, health status, wealth, and education.
However, defining groups is a sensible option only
when highly disaggregated data are available; other-
wise, individuals are considered to belong to a single
group.) If available, parity-specific fertility can be
included using conditional age-specific rates by



birth order. If rates are available only by sex and age,
the same set of sex- and age-specific demographic
rates can be applied, regardless of marital status,
group, or parity, using SOCSIM’s default rules. In
such cases, individuals are not categorized by group
or marital status, and parity does not alter the sto-
chastic exposure to sex- and age-specific rates.
During the simulation, SOCSIM schedules and exe-
cutes demographic events (births, marriages, and
deaths) for each synthetic individual in the initial
population and their descendants.

The operation of the microsimulator is described in
Mason (2016) and summarized here. At the beginning
of each simulation segment (i.e. when the demo-
graphic rates or societal constants change) or
month, SOCSIM schedules an event for every syn-
thetic individual to be executed in the future. Only
one event can be scheduled for each individual at
any one time. After the execution of an individual’s
event (except in the case of death) or a change in
marital status or parity, a new event is scheduled for
that individual. The next event to be scheduled is
determined by creating random waiting times
depending on the individual’s sex-, age-, group-, and
marital-status-specific rates. Once all potential
events have randomly generated waiting times, the
event with the shortest waiting time is selected and
scheduled. Hence, the event competition follows a
competing risks framework, wherein the probability
of experiencing each event for which the individual
of a given sex, age, group, and marital status is at
risk is independent of all others. All scheduled
events are sequentially executed in a random order.
Then, SOCSIM increments the month and repeats
the event execution. At the end of the simulation,
SOCSIM writes an output population file with infor-
mation about every synthetic individual who has ever
lived and a marriage file containing information
about each simulated marriage. The output popu-
lation file contains one row for each individual,
including their personal identification number (pid),
sex, and dates of birth and death, along with the
pids of some of their close kin and some other vari-
ables. Using the pids of the individuals and their
mothers and fathers, it is possible to reconstruct
each individual’s kinship network, following the
same approach as that used for the registers.

We ran one large simulation using the rsocsim
package in R (Theile et al. 2023), with an initial
population of 50,000 synthetic individuals and using
age-specific rates obtained from the Human Fertility
Collection (1751-1890), the Human Fertility Data-
base (1891-2017), and the Human Mortality Data-
base (1751-2017). The last two were retrieved via
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the HMDHFDplus package in R (Riffe 2015).
Although microsimulations involve stochasticity,
fluctuations owing to stochastic variation diminish
as the simulated population size increases, resulting
in stable, near-deterministic outcomes. Conversely,
smaller simulations show greater variability in
mean numbers of kin and their distributions. There-
fore, we relied on a single large-scale simulation to
reduce such noise and yield more reliable estimates
of kinship networks for comparison. It is worth clar-
ifying that some earlier studies have used microsimu-
lation to analyse smaller populations (e.g. Hammel
et al. 1979), thereby demonstrating its value in such
settings as well.

Due to data availability, we used age-specific
fertility rates for all birth orders combined up to 1969
and conditional age-specific fertility rates by birth
order from 1970 to 2017. Using parity-specific rates
improved the accuracy of kinship distributions for
the more recent cohorts compared with a simulation
using combined rates over the entire period (results
not shown). However, as parity-specific data are
available only from 1970, this enhancement only
partially affects the fertility of earlier cohorts.

Otherwise, our microsimulation set-up did not
incorporate additional parameters for demographic
heterogeneity or heritability, since such detailed
information is lacking in the input data and alterna-
tive long-term data sources. By ‘heterogeneity’ we
mean variations in the risks of experiencing an
event, based on demographic characteristics.
However, in our model, fertility and mortality rates
are assumed to be the same for people with the
same demographic characteristics. ~ Although
SOCSIM offers a ‘heterogeneous fertility’ option
that models heterogeneity and maternal-line herit-
ability, the default parameters of this option under-
estimate fertility, particularly during periods of high
fertility, and would require significant rate cali-
bration. Furthermore, while this option can mitigate
the underestimation of certain collateral kin types
(e.g. siblings, aunts, and nieces) to some extent, it
also increases the occurrence of individuals with no
kin and those with very large kin sets. This results in
over-dispersion, which also requires calibration.
Therefore, to ensure broader applicability, particu-
larly in contexts lacking data for calibration or exter-
nal comparison, we opted for a simplified simulation
set-up without the ‘heterogeneous fertility’ option.

In line with earlier research using SOCSIM (see
Hammel 2005), we initially ran the simulator for
100 years using the first available set of age-specific
rates (for 1751) to produce a stable age structure.
After this century of ‘demographic stability’, the
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population tripled to 150,000 individuals alive at the
beginning of 1751, who were then exposed to the cor-
responding annual rates for the period 1751-2017. At
the end of the simulation (in 2017), the synthetic
population reached about 1 million living individuals.

In the absence of accurate age-specific marriage
rates by sex for the entire period, we used the ‘marriage
after childbirth’ directive in rsocsim to establish life-
long partnerships and select living single partners
whenever a previously single woman gave birth.
Despite its name, this option corresponds to lifelong
partnerships, rather than real marriages in the socio-
logical sense. Following Alburez-Gutierrez et al.
(2021), partners for each woman were selected from
allliving single men to minimize the squared difference
between the observed distribution of ‘man’s age minus
woman’s age’ and a normal distribution with a mean of
2.0 and a standard deviation of 3.0. In our model this
lifelong partnership is formed when a previously
single woman has her first child. Candidates are
restricted to single men, who are selected based on
the desired distribution of the age difference, with no
consideration of additional characteristics. The part-
nership formed at the time of the first birth is used to
assign paternity to subsequent births while both part-
ners are alive. In terms of the event schedule and
execution, individuals remain independent: women
are exposed to fertility rates and both sexes to mor-
tality rates. There is no joint couple behaviour. If a
partner dies, a new partner can be assigned for sub-
sequent births. Otherwise, the same partner is assigned
as the father. Further information on this directive can
be found in the supplemental materials of Alburez-
Gutierrez et al. (2021).

It is worth mentioning that this partnership option is
not intended to predict repartnering following a separ-
ation or a divorce, so this limits comparisons of multi-
partner fertility, half-relatives, and stepfamilies. ‘Child-
bearing partners’ refers to the number of distinct part-
ners with whom an individual has at least one birth. In
our set-up, this count is almost always ‘0’ or ‘1°, exceed-
ing ‘1’ only after widowhood because it does not model
separation or divorce. However, it provides a solution
to the lack of empirical data on marriage, separation,
divorce, and non-marital fertility over the whole
period and produces an accurate estimate of women’s
fertility overall. Moreover, using this option, which is
less demanding in terms of data, for comparison with
a ‘gold-standard’ source allows us to assess the accuracy
of kinship networks simulated using only population-
level fertility and mortality data. We deliberately
chose a simplified microsimulation set-up (without het-
erogeneous fertility, marriage rates, or further data dis-
aggregation) so that insights about its accuracy could

be applied to other settings where only population-
level demographic data are available.

After checking the accuracy of the microsimula-
tion output against the input age-specific demo-
graphic rates and summary measures (see Figure
S1, supplementary material), we estimated the syn-
thetic kinship networks following the approach out-
lined in the Swedish kinship universe (Kolk et al.
2023). Using the SOCSIM output, we traced the
kinship networks (i.e. children, parents, siblings,
grandchildren, grandparents, aunts and uncles,
nieces and nephews, and cousins) of the synthetic
individuals who were alive at the end of 2017,
based on parent—child links, and we replicated the
figures in Kolk et al. (2023). To facilitate comparison,
we also reproduced the register-based figures using
the population-level demographic data provided in
Kolk et al. (2023; Online Appendix 2).

The empirical counts in this paper are based on the
Swedish Total Population Register and the Swedish
Multi-generation Register. These registers contain
information on all individuals ever registered in
Sweden since 1960, including their country of birth,
sex, dates of birth and death, and names of their bio-
logical mother and father. The analytical sample com-
prises all individuals born in Sweden between 1915 and
2017 who were recorded in the registers and were
living in Sweden at the end of 2017 (N =8,243,185).
For these reference individuals (used as the denom-
inator), the kinship counts (numerator) include all
relatives, whether alive or deceased in 2017. We
applied the same restrictions to our microsimulation
models to provide an account of kinship links in 2017
and to estimate the number of kin of each type in
each age group (which corresponds to the cohort, as
the period is fixed). To provide an assessment of the
two approaches, we reproduced the same figures,
used the same definitions of kin, and disaggregated
in the same way as in Kolk et al. (2023).

The advantages and limitations of using Swedish
register data to enumerate kinship networks are
described in detail in Online Appendix 1 of Kolk
et al. (2023). However, some of the data features
should be acknowledged before comparing micro-
simulation estimates with those based on empirical
data. Modern Swedish registers began with the intro-
duction of a unique personal identity number (per-
sonnummer) in 1947-48, alongside the collection of
data on parentage for all surviving children under
the age of 16 living in Sweden. After 1947, data on
children’s parents were obtained directly from
birth records. The earliest cohort that can be linked
to their parents and siblings is those born in 1932.
Consequently, grandparents must have given birth



to their children (i.e. parents, aunts, and uncles) after
1932 for links between cousins to be traceable. The
annual population registers were digitized only
from 1968, marking the starting point for the avail-
ability of demographic event records. Another con-
dition for inclusion in the Swedish register data, as
discussed in Kolk et al. (2023), is survival until
1960, since the first digitized censuses took place in
1960 and 1965. Thus, despite their high quality, the
Swedish registers are biased by left-truncation
before 1932 and by survivorship until 1960.

Results

This study compares two sets of results concerning the
number of kin in Sweden in 2017: one based on a newly
created microsimulation model and the other based on
previously published empirical results. The SOCSIM-
based figures are generally consistent with the regis-
ter-based figures from Kolk et al. (2023) in terms of
mean numbers and distribution by type of kin.
However, there are some differences due to the
design and limitations of the microsimulation and/or
due to incomplete information on parent—child
relationships before 1932 in the registers. To systemat-
ically compare the average number and distribution of
different types of kin derived from microsimulation
and Swedish register data, all the figures are structured
into three panels. Panel (a) shows the microsimulation-
based estimates, and panel (b) shows the correspond-
ing register-based estimates reproduced using the
data from the Online Appendix 2 of Kolk et al.
(2023). The figures are organized by birth cohort
(equivalent to age measured in 2017) and illustrate
the average number or distribution of a given type of
kin at different ages for individuals alive in 2017.
Panel (c) shows the difference between the two
approaches, calculated as the microsimulation esti-
mates minus the register-based estimates, indicating
whether the microsimulation overestimates or under-
estimates the number or proportion of kin. A positive
value means that the microsimulation estimates are
higher and a negative value that the microsimulation
estimates are lower than the register-based estimates.
The replication and comparison of the figures from
Kolk et al. (2023) not included in this section can be
found in our supplementary material.

Average numbers of kin

The microsimulation closely aligns with the registers
in estimating direct kinship ties, such as numbers of

Assessing microsimulated and register-based kin 7

living children, parents, and grandparents, with
slight differences between cohorts. Figure 1 (panels
(a) and (b)) shows that the average total number
of children per woman is relatively consistent
across sources, although it is lower in the microsimu-
lation, especially for early cohorts. Panel (c) shows
that this underestimation may be partly due to differ-
ences in the number of childbearing partners. While
the microsimulation generally overestimates the
number of children for women with only one child-
bearing partner (except for pre-1930 cohorts), it
underestimates the number of children for women
with two or three childbearing partners in almost
all cohorts. This results from the partnership model
used in the simulation, which is based on lifelong
partnerships and considers repartnering only after
the death of the previous partner. Therefore, as
the simulation set-up is not intended to model
multi-partner fertility, the distribution of children
by childbearing partners may be biased, but the
total number of children per woman remains
comparable overall.

With regard to men, the number of children per
man in the microsimulation is generally lower and
shows greater variation between cohorts (see
Figure S2, supplementary material). In addition to
differences arising from multi-partner fertility, dis-
crepancies between the sexes may be due to the
SOCSIM fertility model, which is based on
women’s fertility schedules and does not permit
direct incorporation of men’s fertility rates. There-
fore, men’s fertility depends on their partnerships
with women who are scheduled to have children.

For living grandchildren, the estimates are rela-
tively consistent for women born after 1940, but
the early cohorts have fewer children and then
fewer grandchildren in the simulation (see Figure
S3, supplementary material). However, the accuracy
of the number of grandchildren per grandfather
shows more variation across cohorts. As with
fathers, the difference in accuracy between the
sexes is probably due to the dependence of the
SOCSIM fertility model on women’s fertility
schedules.

For living parents, Figure 2 suggests that the
numbers are consistent overall, although the micro-
simulation estimates slightly more living fathers for
some cohorts (1945-65) and fewer for others
(1967-90), probably compensating for the unregis-
tered parents in the register-based estimates. For
living grandparents, Figure 3 shows that the mean
number is similar up to the 1990 cohort but is
higher in the microsimulation for more recent
cohorts. The index population of the registers, that
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Figure1 Average number of living and dead children per woman in 2017, by birth cohort and number of child-
bearing partners: (a) estimated from a SOCSIM microsimulation; (b) estimated from the Swedish Registers;
and (c) the difference between estimates (microsimulation minus registers)

Notes: The vertical dashed lines distinguish the cohorts with complete and incomplete kin counts in the registers. The areas
on the right-hand side represent cohorts for whom we may not be able to observe all their children (as some children will not
yet be born in 2017). Negative values mean that microsimulation estimates are lower than register-based ones. This figure is
best viewed online in colour.

Source: For panel (a), see Data section. For panel (b), data are from Swedish registers and compiled in Kolk et al. (2023).

is, native-born Swedes, includes sizeable proportions between a microsimulated population based on
of second-generation migrants whose grandparents national vital rates and empirical kin counts based
are not resident in Sweden. This discrepancy on actual populations reflects the specific migration
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Source: As for Figure 1.

histories of a given country. Many of the grandpar-
ents classed as unregistered are likely to be alive in
other parts of the world.

microsimulation  generally

For other types of living kin, such as siblings,
nieces, nephews, aunts, uncles, and cousins, the

produces  lower
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Negative values mean that microsimulation estimates are lower than register-based ones. This figure is best viewed
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Source: As for Figure 1.

numbers for the cohorts that, according to Kolk
et al. (2023), have almost complete information in
the registers (siblings for the 1940-2004 cohorts;
nieces and nephews for the 1940-71 cohorts;

aunts and uncles for the post-1977 cohorts; and
cousins for the 1977-98 cohorts), as well as for
the most recent cohorts whose kin counts are
incomplete due to ongoing fertility. However, it



produces higher numbers for earlier cohorts, which
are affected by intergenerational parent—child trun-
cation in the registers.

Looking first at siblings, Figure 4 shows that the
microsimulation produces lower numbers for the
post-1940 cohorts. This undercount results from the
differences between sources in estimating full and
half-siblings. The microsimulation produces more
full siblings for most cohorts, except for those born
in 1933-53, and fewer (almost zero) half-siblings in
all cohorts. This under-representation of half-siblings
is expected, given that the partnership and fertility
models we use in the simulation do not include mar-
riage rates. As explained earlier, the microsimulation
set-up is intentionally simple so that we can assess
the accuracy of synthetic kinship networks derived
only from fertility and mortality data.

The numbers of living nieces, nephews, aunts,
uncles, and cousins follow a similar pattern, being
lower in the microsimulation for the cohorts not
affected by parent—child truncation, but higher for
early cohorts. Specifically, the total number of
living nieces and nephews is lower for people born
after 1940 (see Figure S4, supplementary material).
This difference stems from the underestimation of
half-siblings, leading to fewer nieces and nephews
from half-siblings in the microsimulation. Although
the microsimulation estimates more children of
full siblings in most cohorts, this does not offset
the lower number of nieces and nephews of
half-siblings.

Similarly, the microsimulation estimates fewer
living aunts and uncles for people born after 1965
(see Figure S5, supplementary material) and fewer
living cousins for people born after 1970 (see Figure
5). However, for earlier cohorts, missing information
on grandparents in the registers (see unregistered
grandparents in Figure 3) leads to missing aunts and
uncles and then missing cousins in the empirical
data. Therefore, while the microsimulation produces
fewer horizontal kin for the cohorts with almost com-
plete information in the registers, it provides higher
estimates of horizontal kin for the early cohorts
affected by parent—child truncation.

Differences in the number of living kin may also
be due to different numbers of deaths, which also
play a role in shaping kinship networks. The micro-
simulation produces similar numbers of deceased
children and grandchildren as the registers for most
cohorts but higher numbers for other types of kin
for people born before 1970. The average number
of deceased children is similar for women (see
Figure 1) and men (see Figure S2) born after 1940,
while the number of deceased grandchildren is
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almost identical for both sexes in all cohorts (see
Figure S3). In contrast, the numbers of deceased
parents for most cohorts (see Figure 2) and of
deceased grandparents for all cohorts (see Figure
3) are higher in the microsimulation. The larger
numbers probably account for some individuals
classified as unregistered in the empirical data.
Given that the microsimulation tracks the entire
population, any simulated parents or grandparents
who are not alive are necessarily deceased, unlike
in the Swedish registers, where the status of unregis-
tered individuals remains uncertain. This may be due
to migration since the Swedish data account only for
people born and registered in Sweden.

Finally, the numbers of deceased aunts and uncles
(see Figure S5) and deceased cousins (see Figure 5)
are higher in the microsimulation for the early
cohorts (up to +4.3 aunts and uncles and +2.0
cousins for the 1950 cohort), whereas the registers
counted almost zero of these kin for the same
cohorts. Missing information on deceased grandpar-
ents in the registers probably results in undercount-
ing aunts, uncles, and cousins, which might be
better estimated in the simulation.

To summarize the differences in the mean
numbers of kin, Figure 6 shows that the microsimu-
lation produces similar numbers of living kin to the
registers for the cohorts that are not affected by
intergenerational parent—child truncation in the reg-
isters (i.e. post-1920, post-1940, or post-1977,
depending on the kin) and also for the most recent
cohorts that have not completed fertility (albeit
slightly lower numbers for some kin). However, the
discrepancies are more pronounced for early
cohorts, where truncation and survivorship bias in
the registers can lower kin counts.

Distributions of living kin

While the microsimulated and register-based counts
are relatively consistent in terms of the mean
numbers of living kin, the differences increase
when examining the distribution of the numbers of
living kin of a given type. For most cohorts and kin
types, the microsimulation tends to over-represent
individuals with the smallest family sizes while
under-representing individuals with the largest
family sizes. As shown in Figure 7, the microsimula-
tion estimates a larger proportion of women with
only one child but a smaller proportion of women
with two children, especially for the pre-1950
cohorts, which are less covered by parity-specific
data. The overestimation of individuals with only
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Source: As for Figure 1.

one child and underestimation of those with two chil-
dren also holds for most cohorts of men (see Figure
S6, supplementary material). A similar pattern is

also observed for other types of kin. For most
cohorts, the microsimulation over-represents indi-
viduals with one grandchild (see Figure S7,
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Source: As for Figure 1.

supplementary material) or one sibling (see Figure or more siblings, and those with 11 or more cousins
S8, supplementary material) but under-represents (see Figure S9, supplementary material). For early
individuals with four grandchildren, those with four cohorts, the microsimulation also overestimates
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Source: As for Figure 1.

women and men without children or grandchildren
but underestimates individuals without siblings or
cousins, who are over-represented in the registers
due to missing information.

Likewise, the microsimulation shows a more
even distribution of the total number of living

kin across all simulated cohorts (see Figure S10,
supplementary material). Therefore, fewer individ-
uals from each simulated cohort have no kin or a
large set of kin (i.e. 40+) compared with the
empirical counts. The registers may lack infor-
mation on some kin for individuals in the early
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Source: As for Figure 1.

cohorts, resulting in more individuals with no kin Discussion
in those cohorts, but registers are more likely to
include above-average family sizes than the micro- Estimating kinship networks can be challenging due

simulation in nearly all cohorts. to the limited availability of data on vital events and
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family ties, particularly when considering relatives
beyond the nuclear family or household. Two of
the most common approaches to reconstructing
these networks are the use of population registers
and demographic microsimulation. Here, we compare
kinship networks estimated using microsimulated and
empirical data, for the contemporary Swedish popu-
lation, to understand the main differences between
the two sources and their effects on kin counts. We
aim to shed light on the accuracy of synthetic kinship
networks derived from a relatively simple microsimu-
lation model by comparing them to a ‘gold-standard’
empirical source. The resulting insights should be
valuable for future research using microsimulation to
study kinship in contexts where only population-level
data are accessible and a comparison with empirical
data is not possible.

As shown in the Results section, the numbers of
kin derived from the microsimulation and the regis-
ters are broadly similar, particularly regarding the
mean number of living kin. However, the microsimu-
lation produces slightly lower numbers of most types
of kin for cohorts not affected by intergenerational
parent—child truncation in the registers. This under-
estimation is partly due to the limited estimation of
multi-partner fertility in the microsimulation, result-
ing in lower numbers of children from multiple child-
bearing partners, half-siblings, and nieces and
nephews of half-siblings.

According to Ruggles (1993), the underestimation
of some kin may also result from ignoring correl-
ations in demographic behaviour between family
members. The SOCSIM microsimulator has an
option to assign different fertility and mortality
rates to specific groups. This could be used to repli-
cate family clustering in demographic behaviour by
creating groups of families with distinct fertility
and mortality rates. However, simulating these cor-
relations would require a more complex microsimu-
lation set-up and substantial calibration of the input
rates, because the original data are disaggregated
only by sex and age. This would not align with this
paper’s goal of using a simple microsimulation to
assess the agreement between synthetic and empir-
ical kinship networks.

As expected, the microsimulation produces less
dispersion in kin counts across all kin types,
thereby reflecting the limitations of the fertility
model and the absence of family correlations in
demographic behaviour. This was precisely the
concern highlighted by Ruggles (1993). Empirical
registers show a higher proportion of individuals
with no kin, especially in earlier cohorts, probably
due to missing data, whereas the simulation by

design includes all individuals. Conversely, large
kin networks, which occur naturally in the real-
world population but are less likely under the
model’s simplified fertility assumptions, are under-
represented in the simulation results.

Despite the undercount and under-dispersion of
most types of kin in the microsimulation for the
cohorts not affected by intergenerational truncation
in the registers, a fully tracked synthetic population
provides better accounting for some relatives of the
early cohorts who are likely to be omitted from the
registers due to missing information on parent—
child links, conditioning on survival, or truncation
of kinship ties due to migration. This applies to
parents, siblings, nieces, nephews, and all types of
deceased kin of people born before 1940 and also
to grandparents, aunts, uncles, and cousins of
people born before 1977. Moreover, microsimula-
tion estimates can go further back in time where
reliable register data are unavailable.

The results we present here have some limitations
that we would like to acknowledge. Our results are
based on simulated populations, which are not real-
world populations and thus cannot fully reproduce
the complexity of their dynamics and structures.
Exact agreement between model-based kinship cal-
culations and empirical measurements should not
be expected (Keyfitz and Caswell 2005). First, we
do not consider the familial transmission of fertility
and mortality behaviour, as the input data are disag-
gregated only by sex and age. Thus, there is no pre-
defined family clustering beyond the individual
stochasticity resulting from the microsimulation.
Second, compared with a simulation using fertility
rates for all birth orders combined over the whole
period (results not presented here), the accuracy of
the results improves slightly on the inclusion of
age-specific rates by birth order for 1970-2017.
This suggests that using parity-specific data enables
microsimulation to perform even better than when
all birth orders are combined, although such detailed
data are rarely available. Third, in the absence of
data at higher levels of disaggregation (by age,
parity, and marital status) for the whole period, our
modelling of partnership and fertility may oversim-
plify real-world dynamics and the complexity of
modern families. While these simplifications may
limit the accurate estimation of non-marital fertility,
men’s fertility, multi-partner fertility, and complex
family structures involving half-siblings, estimates
of women’s overall fertility remain reasonably
accurate.

It is worth mentioning that some studies have used
more detailed SOCSIM microsimulation set-ups,



whose results may be more finely tuned to specific
contexts. In the US, Wachter (1997) used rates disag-
gregated by marital status and parity to examine the
availability of kin among older people from 1990 to
2030, and most recent studies have used rates
specific to marital status, stratified by race, to
project the absence of kin among white and Black
older adults from 2015 to 2060 (Verdery and Margo-
lis 2017) and to analyse changes in the demography
of grandparenthood for the 1880-1960 cohorts (Mar-
golis and Verdery 2019). In Britain, age-specific fer-
tility, mortality, and nuptiality rates (including
divorce and cohabitation) have been used to
analyse changes in the mean number of kin and the
proportion of the population with specific kin, by
age group for selected years (Murphy 2010a,
2010b) and birth cohorts (Murphy 2011). To model
the HIV epidemic in Zimbabwe, SOCSIM’s ‘group’
option was used to represent HIV status, with mor-
tality rates distinguishing between HIV-positive
and HIV-negative individuals (Zagheni 2011).
Apart from the simplifications mentioned, the
demographic rates we use for our simulation con-
sider the entire population, including migrants and
their descendants. This can lead to discrepancies
with empirical data such as population registers,
which typically cover only the native-born popu-
lation. According to Statistics Sweden (2026), inter-
national migration flows in Sweden were relatively
small for most of the mid-nineteenth and twentieth
centuries. Immigrants and emigrants typically
accounted for less than 1 per cent of the total popu-
lation each year, except during the late-nineteenth-
century emigration wave. Therefore, using yearly
demographic rates estimated for the total popu-
lation, including migrants, is unlikely to distort
kinship structures substantially for most of the
studied period. However, deviations may arise in
years of high migration. Thus, the effect of using
vital rates with or without migrants is likely to be
inconsequential. Conversely, there will always be a
discrepancy between empirical kin counts (which
reflect the fact that many inhabitants of countries
with immigration do not have full data on kinship
ties) and microsimulated approaches (which
assume such networks are complete for everyone).
A valuable area for future exploration would be to
examine how migration affects kinship counts in syn-
thetic populations. One approach would be to esti-
mate demographic rates based on ancestral
population groups in a given country and to use
these as inputs for microsimulations to align the
analysis populations better. Alternatively, future
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research could estimate demographic rates that are
accurate for different populations, disaggregated by
country of origin, to simulate and count kin in both
the destination and origin countries.

Matrix kinship models provide an alternative
formal framework for analytically deriving the
expected numbers and age distributions of kin
from population-level demographic rates. These
models share some of the characteristics, advantages,
and limitations of microsimulation models. The
initial time-invariant matrix formulation (Caswell
2019) has been expanded to incorporate ‘stages’
such as parity (Caswell 2020), time variation
(Caswell and Song 2021), two sexes (Caswell 2022),
causes of death (Caswell et al. 2023), stochasticity
(Caswell 2024), and lifetime kin overlap (Caswell
and de Vries 2025). All these factors can also be
included in a microsimulation, provided the necess-
ary data are available. Similarly to rsocsim
(Theile et al. 2023), the DemoKin package (Williams
et al. 2021) has operationalized the theoretical
matrix models in R. Recent studies have used differ-
ent implementations of these models to describe the
demographic composition of kinship networks
(Alburez-Gutierrez et al. 2023, 2024; Feng et al.
2024; Hiinteler et al. 2024; Robles et al. 2024; Adhi-
kari and Alburez-Gutierrez 2025; Matos-Moreno
et al. 2025; van Damme et al. 2025) and to study
the experience of kin loss (Schliiter et al. 2024;
Acosta et al. 2026). Analytical and microsimulation
approaches involve different trade-offs. Matrix
models offer analytical transparency and compu-
tational efficiency but are limited in the inclusion
of individual variability and interactions. Conversely,
microsimulation produces demographic events at the
individual level that are consistent with observed
population-level rates, but it is more computation-
ally intensive. A systematic comparison of
SOCSIM  microsimulation and matrix-model
outputs is beyond the scope of this study but is the
subject of ongoing work.

Despite the aforementioned limitations of the
SOCSIM microsimulation model, it produces
kinship networks that closely match those in high-
quality population registers in terms of average
kinship. It also provides reasonable estimates of
the distribution of numbers of certain kin types.
This highlights the utility of microsimulation for
reconstructing kinship networks when only popu-
lation-level demographic data are available,
thereby providing indirect empirical support for pre-
vious studies that have used SOCSIM in other con-
texts. Furthermore, microsimulations can be used
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to estimate kinship structures in historical periods
that lack micro-level data and also to project future
kinship dynamics based on demographic trends. By
systematically comparing microsimulated networks
with empirical data, this study strengthens the meth-
odological basis of microsimulation in demographic
research and encourages further investigation into
kinship dynamics across diverse populations and
contexts.
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