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As part of its research programme Statistics Netherlands has derived a network of the entire

Dutch population. It contains relationships between the 17 million inhabitants of the

Netherlands and consists of five so called layers (main types of relations): family, household,

neighbours, work and school. Combined these layers contain over 1.4 billion relationships.

This paper describes the methods used to derive the network and gives an overview of some

of its properties.

1 Introduction

Many important social and economic processes take place along networks: ideas spread, money

and beliefs are transferred. Therefore, network analysis has become a important tool to

understand society (Borgatti et al. 2009; Leij and Buhai 2008; Verdery et al. 2012; Newman and

Park 2003). Recognising this, Statistics Netherlands has, using data present at Statistics

Netherlands (Bakker, Van Rooijen, and Van Toor 2014), built a network covering the entire

population and covering multiple types of relations: family, household, neighbours, work and

school. It should, therefore, give more inclusive overview of social structure than many of the

networks currently used in social research.

Statistics Netherlands collects data, mostly from various government agencies, in order to

support government and companies in making policies and assisting politics, media researchers,

and civilians in evaluating the results of those policies. In accordance with the law which governs

Statistics Netherlands conduct1) and the General Data Protection Regulation2), the data are

protected by extensive rules and regulations with respect to privacy to ensure that no

information about individual persons is disclosed in any output from these data sets, and

individuals can never be recognized in the output. This applies to all analyses presented here3).

The data collected by Statistics Netherlands data was used to derive the network. The vertices in

the network are all persons that were registered in the official population register on October 1st

2018. The edges are defined by family relations, household membership, neighbours, co-workers

and class-mates. The resulting network contains 17.3 million vertices and 1.4 billion edges.

This paper describes the method with which the network has been derived and the exact

definitions of the relations present in the network and gives an overview of some of the

properties of the network.

1) https://wetten.overheid.nl/BWBR0015926/2018-07-01
2) Regulation (EU) 2016/679 (General Data Protection Regulation)
3) Full and detailed information about the security measures and data privacy protections in place for the analysis of

microdata for research can be found here: https://www.cbs.nl/en-gb/our-services/customised-services-microdata/
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2 Derivation of the network

2.1 Terminology

The network consists of persons with relations between those persons. We will use the term

vertex (plural: vertices) to denote the persons and edge to denote the relation between two

vertices. The edges in the network are directed and labelled. An edge labelled ‘<label>’ from 𝐴 to

𝐵 should be read as ‘𝐴 has a ‘<label>’ 𝐵’, for example, ‘𝐴 has a ‘parent’ 𝐵. Directed means that

the relation is one-way: an edge between 𝐴 and 𝐵 labelled ‘parent’ (𝐵 is the parent of 𝐴) does

not mean that the same relation exists between 𝐵 and 𝐴 (𝐴 is not also the parent of 𝐵). However,

many of the edges will have a corresponding edge in the other direction. For example, when

there is an edge between 𝐴 and 𝐵 labelled ‘parent’, there will also be a corresponding edge

labelled ‘child’ between 𝐵 and 𝐴. Sometimes the corresponding edge will also have the same

label as with ‘sibling’ and ‘household member’.

The out-degree of a vertex is the number of out going edges of a vertex. The in-degree is the

number of incoming edges. It is possible that both or one of them are zero: a person does not

have any (known) relation.

The network is divided in a number of layers. Each layer contains all vertices but a disjunct subset

of edge types. For example, the family layer contains all edges that are based on family relations.

2.2 Population

The vertices of the network are all 17.3 million persons registered on October 1st 2018 in the

official Dutch Population register (Basisregistratie Personen, BRP). All persons are included in the

network even when a person or vertex does not have any edges.

2.3 Family Layer

We use the parent-child-register of Statistics Netherlands as the basis of the family layer. This

register contains all (legal) parent-child relations since January 1st 1995. A parent-child edge can

only exist if both parent and child have been recorded in the official Dutch population registers

(formerly GBA, or currently BRP). The relation between child 𝐴 and parent 𝐵 can be

schematically visualised as:

𝐴
parent
−−−−→ 𝐵 ⟹ 𝐵

child
−−−→ 𝐴. (1)

An arrow between two persons indicates an edge between the two persons. The label above the

arrow indicates the type of edge. From these two edge types we can derive a large number of

other edge types. These are summarised below.

In deriving the edge types below we use the complete child-parent-file, which includes persons

which are no longer part of the population at the reference date of the social network. After

having derived all family edges based on the whole parent-child register, we remove vertices with

all in and outgoing edges that are not part of the population on the reference date of October 1st

2018. This way, even if the parents are deceased, we can, for example derive the sibling
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Table 2.1 Information on parents in the population

Information on parents Number of persons Fraction

Both parents known 12 580 092 0.73

Mother unknown 404 989 0.02

Father unknown 1 712 359 0.10

Both parents unknown 2 559 767 0.15

Figure 2.1 Percentage of persons in the population with one or more unknown

parents as a function of age.
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relationships between their children, given that the parent-child relationships were present in

the register. However, even then not for all persons are both parents known. Table 2.1 shows the

information present in the child-parent-file for persons in the population. Figure 2.1 shows how

the fraction of missing parents changes as a function of age: this fraction increases for older

persons. The main reason for this is that both the child and parent have had to be registered in

the population register after January 1st 1995. Therefore, parents that have deceased before

that date are not registered. Another group with where information on the parents is often

missing are immigrants as their parents often do not live in the Netherlands. Missing parents also

affects other relations as these are based on the parent-child relations. When the parents are

missing sibling relations cannot be derived, for example. Also when the parents of the parent

(the grand-parent) are missing, uncles, aunts and cousins cannot be derived.

Grand parent The parents of the parents of a person are its grand parents:

𝐴
parent
−−−−→ 𝐵

parent
−−−−→ 𝐶 ⟹ 𝐴

grand parent
−−−−−−−→ 𝐶. (2)

Grand child The children of the children of a person are its grand children.

𝐴
child
−−−→ 𝐵

child
−−−→ 𝐶 ⟹ 𝐴

grand child
−−−−−−→ 𝐶. (3)

Full sibling For siblings we distinguish three different types depending on the number of

parents they share. In principle two persons are siblings when they share at least one parent.
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When they share two parents they are full siblings:

𝐴
parent
−−−−→ 𝐵 ∧ 𝐶

parent
−−−−→ 𝐵 ∧ 𝐴

parent
−−−−→ 𝐷 ∧ 𝐶

parent
−−−−→ 𝐷 ∧ 𝐴 ≠ 𝐶 ⟹ 𝐴

full sibling
−−−−−−→ 𝐶, (4)

with ∧ the logical and. The 𝐴 ≠ 𝐶 (𝐴 is not the same person as 𝐶) is necessary as a person cannot

be its own sibling.

Half-sibling A half-sibling are two persons that share only one parent.

𝐴
parent
−−−−→ 𝐵 ∧ 𝐶

parent
−−−−→ 𝐵 ∧ 𝐴

parent
−−−−→ 𝐷 ∧ 𝐶

parent
−−−−→ 𝐸 ∧ 𝐴 ≠ 𝐶 ∧ 𝐷 ≠ 𝐸 ⟹ 𝐴

half-sibling
−−−−−−→ 𝐶. (5)

Sibling (unknown) In principle this should cover all types of siblings. However, as for some

persons one or both of the parents are not known, there is also a group of persons for which we

cannot determine if they are full or half-siblings. When two person share a parent, but when for

at least one of them one of the parents is unknown, we cannot determine their exact edge type.

𝐴
parent
−−−−→ 𝐵 ∧ 𝐶

parent
−−−−→ 𝐵 ∧ (𝐴

parent
−−−−→ ? ∨ 𝐶

parent
−−−−→ ?) ∧ 𝐴 ≠ 𝐶 ⟹ 𝐴

sibling (unknown)
−−−−−−−−−−→ 𝐶, (6)

where ? indicates that this person is unknown and ∨ is the logical or (not exclusive).

When we refer to the type ‘sibling’ this refers to either of the relations ‘full sibling’, ‘half-sibling’

or ‘sibling (unknown)’.

Co-parent Persons that have a child together are co-parents:

𝐴
child
−−−→ 𝐵 ∧ 𝐶

child
−−−→ 𝐵 ∧ 𝐴 ≠ 𝐶 ⟹ 𝐴

co-parent
−−−−−−→ 𝐶. (7)

This does not mean that the two persons are currently living together. This is covered by the

relation ‘partner’ defined below.

Aunt/uncle

𝐴
parent
−−−−→ 𝐵

sibling
−−−−→ 𝐶 ⟹ 𝐴

aunt/uncle
−−−−−−→ 𝐶. (8)

Niece/nephew

𝐴
sibling
−−−−→ 𝐵

child
−−−→ 𝐶 ⟹ 𝐴

niece/nephew
−−−−−−−−→ 𝐶. (9)

Cousin

𝐴
uncle/aunt
−−−−−−→ 𝐵

child
−−−→ 𝐶 ⟹ 𝐴

cousin
−−−−→ 𝐶. (10)
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2.4 Household layer

Statistics Netherlands also determines to which household each person belongs. A household is

a group of people having common arrangements for sharing expenses and daily needs, living in a

shared residence. It is possible that on a given address multiple households are living.

Households are derived mainly from information from the population register, namely the

addresses of each person and information on marriages and children. For example, a married

couple with children living on one address with no other persons present on that address are

considered to form one household. Information from the tax office and information on

institutional households (e.g. care facilities) are used to derive household for other addresses.

For the vast majority of addresses the household composition can be determined in this way. For

a small percentage of addresses (approx. 5%) the household composition is imputed. Based on

the properties of the persons living on the address, probabilities for the different possible

household compositions are estimated and one composition is randomly selected using these

probabilities.

Not only is it know to which household each person belongs, also the position in the household is

determined for each person. In this case the positions are recoded to the following three types:

household member (‘hh member in’), partner in household (‘partner in’), institutional household

member (‘inst hh member in’). Therefore, a household consisting of a couple with child, will

result in the following set of relations:

𝐴
partner in
−−−−−−→ ℎ

𝐵
partner in
−−−−−−→ ℎ

𝐶
hh member in
−−−−−−−−→ ℎ

From the relations between persons and households, relations between persons are derived.

Note that a given household can only have two persons defined as ‘partner in’ even when there

other persons are living in the same household that are, for example, married. For example, in a

household where a couple also houses the married parents of one them, the youngest couple

are labelled as partners and the parents as other household members.

Partner

𝐴
partner in
−−−−−−→ ℎ ∧ 𝐵

partner in
−−−−−−→ ℎ ∧ 𝐴 ≠ 𝐵 ⟹ 𝐴

partner
−−−−→ 𝐵. (11)

Household member

𝐴
hh member in/partner in
−−−−−−−−−−−−−−→ ℎ ∧ 𝐵

hh member in/partner in
−−−−−−−−−−−−−−→ ℎ∧

𝐴 ≠ 𝐵 ⟹ 𝐴
hh member
−−−−−−−→ 𝐵 (12)

Note that when 𝐴 and 𝐵 have the edge type ‘partner’ they also have and edge with type ‘hh

member’. When they also share a child, they also have an edge with type ‘co-parent’. It was

decided to not make a choice between these types as it depends on the type of analysis and the

goal of the analysis if having multiple edges between two persons is a problem and, if so, which

type is more relevant.
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Institutional household member As institutional households (e.g. care homes) can be large

and because the relation between institutional household members will generally differ from

that between regular household members, it was decided to separately label institutional

household members.

𝐴
inst hh member in
−−−−−−−−−−→ ℎ ∧ 𝐵

inst hh member in
−−−−−−−−−−→ ℎ ∧ 𝐴 ≠ 𝐵 ⟹ 𝐴

inst hh member
−−−−−−−−−→ 𝐵 (13)

2.5 Neighbour layer

Each person in the population register is assigned to a household. The address of each household

is known. This is used to calculate for each household ℎ , the closest ten households with a

distance less than 50 metres,𝒩ℎ = {𝑔1, … , 𝑔𝑘} (𝑘 ≤ 10). When there are multiple households

with the same distance (at the tenth position), households are randomly selected. Household

members of𝒩ℎ are neighbours of household members of ℎ.

As institutional households can be very large, it was decided to treat these slightly different.

Institutional households with four persons or less are treated as above. They are households just

like any other household and can therefore have neighbours and be neighbours of other

households. In institutional households with more than four persons, each person is considered

a separate household when determining neighbours. Therefore, each person in these

institutional households can have ten neighbouring households (which can be other persons

from the institutional household) and non-institutional households can have up to ten persons

from neighbouring institutional households as neighbours.

Neighbour

𝐴
any hh member in
−−−−−−−−−−→ ℎ ∧ 𝐵

any hh member in
−−−−−−−−−−→ 𝑔 (with 𝑔 ∈ 𝒩ℎ) ⟹ 𝐴

neighbour
−−−−−−→ 𝐵. (14)

Note that it not necessary that if household 𝑔 is one of the ten closest households to ℎ (𝑔 ∈ 𝒩ℎ),

household ℎ is also one of the ten households closest to 𝑔. Therefore, is 𝐵 is a neighbour of 𝐴,

that does not imply that 𝐴 is also a neighbour of 𝐵.

2.6 Work layer

Using income tax data (Polisadministratie), it is possible to derive for each working person the

company that person is working at on October 1st for the year for which the network is derived.

𝐴
works at
−−−−−→ 𝑞 (15)

From this we can derive all co-workers of a given person. For a company 𝑞 with 𝑛𝑞 employees,

this would result in (𝑛𝑞 − 1)2 directed edges in the network. There are large differences in the

sizes of companies (which also include institutions such as government agencies and

universities). It was decided to put a limit of one hundred on the number of co-workers of a

person. First, it is unrealistic that a person actually knows more than a certain number of

co-workers. Second, without a limit on the number of co-workers persons know, the work layers

dominates the social network (over 80% of the relations in the network would be of the type

co-worker). Third, many of the large companies have different locations (for example retail
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Table 2.2 Variables used to define classes.

Type of school Variables defining a class

Primary education (Basisschool) School id, location id, year

Secondary education (Voortgezet onderwijs) School id, location id, type of education, year

Secondary Special education

(Speciaal voortgezet onderwijs)

School id, location id, number of years followed

Vocational (MBO) School id, type of education, number of years followed

Higher education (HBO, University) School id, location id, type of education, number of

years followed

chains, supermarket chains, government agencies). It is likely that employees mainly have

contact with other employees from the some location. By limiting the number of co-workers, we

can select co-workers which are geographically close thereby increasing the likelihood that we

link co-workers that actually know each other.

Co-worker Let 𝒞𝐴 be the 100 geographically closest persons of 𝐴 working at the same

company. When there are multiple persons at the same distance at the 100th position persons

are randomly chosen. When a company has 101 employees or less 𝒞𝐴 are all employees of the

company excluding 𝐴. Then:

𝐴
works at
−−−−−→ 𝑞 ∧ 𝐵

works at
−−−−−→ 𝑞 ∧ 𝐵 ∈ 𝒞𝐴 ⟹ 𝐴

co-worker
−−−−−−→ 𝐵 (16)

For companies with 101 employees or less, this results in a network that is symmetric — a edge

from ‘A’ to ‘B’ implies a edge from ‘B’ to ‘A’ — and each person is connected to each other person

in the company: they form a clique. For larger companies the network is no longer symmetric.

The out-degree will always be a 100 while the in-degree can vary, but will on average be a 100.

2.7 School layer

DUO (Dienst Uitvoering Onderwijs [Implementation Service Education]) maintains registers on

students for the various education types (see table 2.2). Depending on the type of education, it is

possible to approximately determine which persons go to the same class. It is unfortunately not

possible to determine exactly to which classes persons go. For example, in primary education,

where classes are based on a combination of school id, location id and school year, there can be

multiple classes with children in the same school year in the same location resulting in classes

that are too large. At the same time, for small schools, multiple school years can be in the same

physical class. Also in secondary and higher education different types of education can share

classes. Table 2.2 shows for each type of education the variables used to define classes.

Class mate Persons going to the same class are class mates:

𝐴
in class
−−−−→ 𝑢 ∧ 𝐵

in class
−−−−→ 𝑢 ∧ 𝐴 ≠ 𝐵 ⟹ 𝐴

class mate
−−−−−−→ 𝐵. (17)

CBS | Discussion paper | May 2022 8



Table 3.1 Number of edges and summary statistics of the degree distribution of each of the edge

types. The information on the degree distribution is shown for those persons that have the

corresponding edge type with other persons.

Number of Number of Mean Quantiles of degree distribution

Edge type persons (103) edges (103) degree 5% 10% 25% 50% 75% 90% 95% 99%

Child 8,835 19,161 2.17 1 1 2 2 3 3 4 6

Parent 10,965 19,161 1.75 1 1 1 2 2 2 2 2

Half-sibling 940 1,743 1.86 1 1 1 2 2 3 4 6

Sibling (unknown) 2,268 5,743 2.53 1 1 1 2 3 5 7 9

Full sibling 11,008 21,897 1.99 1 1 1 2 2 4 5 8

Co-parent 7,776 8,035 1.03 1 1 1 1 1 1 1 2

Grand parent 5,432 13,214 2.43 1 1 1 2 3 4 4 4

Grand child 3,524 13,214 3.75 1 1 2 3 5 7 9 15

Niece/nephew 7,761 40,273 5.19 1 1 2 4 7 11 15 24

Aunt/uncle 9,219 40,273 4.37 1 1 2 4 6 8 10 14

Cousin 9,106 87,522 9.61 2 2 4 7 13 20 26 42

Partner 8,533 8,533 1.00 1 1 1 1 1 1 1 1

Household member 13,982 31,931 2.28 1 1 1 2 3 4 4 6

Inst. household member 72 735 10.16 1 1 1 2 6 14 41 168

Neighbour 16,810 352,645 20.98 10 11 16 21 26 31 33 38

Co-worker 2,588 76,199 29.45 1 3 7 20 46 74 87 97

Co-worker (sampled) 4,898 489,823 100.00 100 100 100 100 100 100 100 100

Class mate (primary) 1,433 55,540 38.76 10 14 22 34 50 68 82 118

Class mate (special) 68 1,773 26.17 4 6 11 19 33 56 69 119

Class mate (secondary) 959 62,450 65.10 7 11 24 51 90 138 172 265

Class mate (vocational) 513 28,360 55.32 2 5 12 31 70 137 198 343

Class mate (higher) 701 85,727 122.35 6 12 34 85 168 286 377 591

Table 3.2 The sizes of the main layers in the network.

Number of Average degree

Layer edges (103) Excl. zeros Incl. zeros

Family 270,235 15.66 16.43

Household 41,199 2.39 2.93

Neighbour 352,645 20.43 20.98

Work 566,022 32.80 75.61

School 233,849 13.55 63.66

3 Properties of the network

Table 3.1 summarises the main properties of the network. For each edge type, it shows the

number of persons in the population that have the given edge type with another person, the

total number of edges in the network and properties of the out-degree distribution. For example,

looking at the first line, we see that 8.8 million persons have one or more children (that are alive)

and persons that have children have on average 2.2 children (that are alive). Table 3.2

summarises the table even further. The family, school and neighbour layers are approximately of

equal size with 270, 233 and 353 million relations respectively. The work layer is larger with a size

of 566 million relations. Relations from businesses with a hundred employees or more dominate

the work layer. The household layer is the smallest with 41 million relations.

Figure 3.1 shows the degree distribution for each of the four main layers in the network. The

large degrees in the household layer are caused by institutional households where person can

have a large number of household members.
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Figure 3.1 Out-degree distribution of the five main layers. Persons with a out-degree

of zero in the network are omitted from the distribution.
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0 20 40 60 80 100 120 140

1e+01

1e+02

1e+03

1e+04

1e+05

1e+06

1e+07

Degree

F
re

qu
en

cy

(b) Household layer
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(c) Neighbour layer
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(d) Work layer
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Table 3.3 Inverse relation types for each relation type. A hyphen indicates that this

relation type is not symmetric.

Relation Corresponding inverse relation

Child Parent

Parent Child

Half-sibling Half-sibling

Sibling (unknown) Sibling (unknown)

Full sibling Full sibling

Co-parent Co-parent

Grand parent Grand child

Grand child Grand parent

Niece/nephew Aunt/uncle

Aunt/uncle Niece/nephew

Cousin Cousin

Partner Partner

Household member Household member

Inst. household member Int. household member

Neighbour -

Co-worker Co-worker

Co-worker (sampled) -

Class mate (primary) Class mate (primary)

Class mate (special) Class mate (special)

Class mate (secondary) Class mate (secondary)

Class mate (vocational) Class mate (vocational)

Class mate (higher) Class mate (higher)

3.1 Symmetry

As was mentioned in section 2.1 the network is in principle directed. However, some of the edge

types in the network have a corresponding edge in the other direction. Table 3.3 shows for each

edge type the corresponding inverse edge type if there is one. As can be seen in the table, the

network is largely symmetric with the exception of the neighbour layer and the work layer for

large companies (more than 101 employees).

4 Conclusion

Using data present as Statistics Netherlands, a network covering the entire Dutch population has

been built. The vertices of the network are all persons in the official Dutch population register on

October 1st 2018. The edges are family relations, household membership, neighbours,

co-workers and class-mates, also on October 1st 2018. Since it cannot be inferred whether

people actually interact with others in their network, the network is a reservoir of potential

contacts and exposure rather than a realized network. Although the network covers a wide range

of types on contact, a lot of important types of contact are not included. Friends and other

contacts via church, sports or hobby clubs are not included, and neither is subjective information

such as motivations, attitudes and quality of relationships. Nevertheless, it should give a more

complete overview of the social environments of persons than many of the sources currently

used. The possible applications of the network are numerous. At the moment we are using the

network so study segregation (Laan and Jonge 2019), and the network has already been used to
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study the exposure to crime of young persons living in the Hague (Posthumus et al. 2020) and to

study the self-reliance of elderly (Das and Jonge 2020).

As part of the research programme and in collaboration with the POPNET project (POPNET 2022)

we are looking to improve on the current version of the network. For example, at the moment

the network is observed only for one moment in time, a longitudinal network might give more

information on how society is changing. An other example is the work layer, where there is

uncertainty in which co-workers actually know each other. Adding information on company

locations might improve on this. Although the current version of the network is already a big step

forward for investigations of the Dutch society, improvements are still possible.
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