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Abstract:	 Europe’s population is ageing. This is associated with increasing 

challenges for pension systems and the need to search for solu‑
tions that will allow countries to generate adequate pension ben‑
efits. The aim of the article is to present a complex network ty‑
pology of adequate pension benefits in European countries. Social 
networks have been used as a research method. The study has 
taken into  account the  network typology resulting from pen‑
sion factors such as seniority, the  retirement age, the  number 
of children, and the duration of education, separately for women 
and men. The correlation between networks has also been checked. 
The most unusual network is for the number of children among 
retired people. The networks for seniority and for the retirement 
age are the most similar to each other among all the factors exam‑
ined. The obtained results show that pension systems constructed 
in the same way have similar patterns of the level of pension fac‑
tors. Gender does not appear to differentiate connection patterns 
for the examined variables.
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1.	 Introduction

Europe’s population is getting older. The  share of  the  elderly in  2020 equalled 
21% of the population, as compared with 2001, when people aged 65 and over consti‑
tuted 16% of the total population. It means an increase of 5 percentage points (Eurostat, 
2021). This process, known as the ageing of the population, has numerous consequenc‑
es. Pensioners become a very numerous, and thus strong, social group that influences 
the functioning of the state. As a result, the way the entire society functions changes. 
Also, political reasons change, and economic changes occur. One of the most important 
economic factors for this group of people and, at the same time, for the entire economy 
is the need to ensure protection against poverty for pensioners after they have finished 
their work and to maintain their previous standard of living (European Commission, 
2012a). This, in turn, is mainly associated with the need to generate an adequately high 
income during retirement, and it is pensions that constitute the basic income of the el‑
derly. Retirement benefits which enable the maintenance of an earlier standard of living 
are called ‘adequate,’ the term broadly used in reports prepared by the European Com‑
mission (2010; 2012a; 2012b; 2015; 2018), the World Bank (1994), and Holzmann, Hinz, 
and Dorfman (2008).

It is necessary to monitor the extent to which pension systems fulfil the function 
of providing adequate benefits to pensioners. An awareness of the current state of pen‑
sion systems will make it possible to introduce quick changes to correct any future prob‑
lems. Since it is worth learning from the best, the Open Method of Coordination (OMC), 
which is used between countries and allows for an exchange of experiences, is imple‑
mented to improve the quality of pension systems operation (European Commission, 
2010). According to Mercer reports, current pension systems deal with the problem of ad‑
equate benefits in a variety of ways (MMGPI, 2014; 2015; 2017; 2019).

Pension benefits are influenced by a number of factors, as OECD documents Pen‑
sion at a Glance have shown (OECD, 2005; 2007; 2009; 2011; 2013; 2015; 2017; 2019). 
These are factors directly used in the calculation of benefits, such as the retirement 
age and seniority. However, it is also important to remember about the factors that af‑
fect the benefits indirectly, such as the number of children or the duration of educa‑
tion. They have a significant impact on how long a person works, what breaks he or she 
has, and the level of salary he or she receives as indicated by Draxler (2009), Belloni 
and Fornero (2008), and Ponomarenko (2016). Therefore, it is worth conducting a study 
on the adequacy of retirement benefits separately for these factors.

Seniority has a direct impact on the level of benefits, as it translates into the length 
of time of pension capital accumulation. In many systems, we have a regulatory mini‑
mum length of seniority at which a participant of the system is eligible to receive a pen‑
sion benefit. Hence, longer work is associated with a higher future pension.
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The retirement age in the calculation of retirement benefits in Define Contribu‑
tion schemes, which prevail in Europe, is one of the main parameters used to cal‑
culate the benefit. As a rule, its statutory level still varies significantly for women 
and men, which means that analyses of the adequacy of retirement benefits should 
be carried out separately on the grounds of gender (Belloni, Fornero, 2008; Jędrzy‑
chowska, Kwiecień, Poprawska, 2020). Systemic regulations generally allow pension‑
ers to postpone retirement and contain a number of incentives to do so. Postponement 
of the ending of professional work significantly affects the future pension benefit. Each 
additional year of professional work means a higher pension.

The number of children does not directly affect the level of pension benefit. How‑
ever, with a higher number of children, the time that a person can spend at work is 
shortened, which in turn means shorter seniority, and often, as a consequence, lower 
pension benefits. Having children is therefore a factor that is negatively correlated 
with the level of future benefit and its adequacy. This situation occurs from a micro‑
economic point of view, and it concerns a given person. However, looking at the pen‑
sion system from a macroeconomic point of view, one should be aware that every 
pension benefit constitutes the result of the distribution of a current national income 
(Góra, 2003). This means that only pension systems in which many people pay con‑
tributions, i.e. systems in the countries that have a young demographic structure, are 
able to generate correspondingly high pension benefits.

The duration of education is a variable connected to the level of pension benefits 
due to the anticipated level of future wages from which pension contributions will 
be paid. More specifically, a longer education duration may mean achieving the level 
of higher education, and thus a higher future potential level of wages. At the same 
time, however, extending the duration of education may have an impact on shorten‑
ing the length of seniority.

The following hypotheses can therefore be accepted: firstly, awareness of the conse‑
quences of extending seniority, raising the retirement age, having a small number of chil‑
dren, and extending the duration of education for the level of pension benefits is reflected 
in the actions taken by pensioners in European countries; secondly, in pension systems 
with the same construction, the value of pension factors is similar.

The article aims to present a network typology of adequate pensions in European 
countries. The typology is shown on the basis of various retirement factors. Econom‑
ic networks and values of measures at the macro and micro levels as well as correla‑
tions between networks have been used as a research tool. The analysis carried out 
in the study can help to answer the question what economic, social and demographic 
behaviour of participants in the pension system most often leads to adequate retire‑
ment benefits.
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Taking into account the differentiation of the shape of pension systems, it is very dif‑
ficult to directly compare existing methods of calculation (Chybalski, 2016). Therefore, 
methods that are resistant to specific system properties are useful in such studies. Such 
a method is social network analysis (SNA). Therefore, the study of the adequacy of retire‑
ment benefits from the point of view of the similarity between countries in terms of level, 
and more specifically the schemes of retirement features, was carried out with the use 
of networks. Another reason for using networks is, as research has shown, the fact that 
the social network structure has an impact on economic innovation performance (Mul‑
ler, Peres, 2019).

Network analysis has been carried out in three areas:
	– the  micro‑level area, which refers to  individual nodes and  their relationships 

in the network; such an analysis allows you to obtain information about individual 
countries occurring in the network;

	– the macro‑level area, which concerns the entire network; such an analysis allows 
you to obtain information about the entire network as a whole;

	– the area of connections and correlations between networks.
The application of the SNA method to the analysis of classic economic values is part 

of the concept of new methods of analysis or creation of new business models. We can 
include such an approach in the scope of Industry 4.0, which is a broad term, and differ‑
ent authors interpret it in many contexts (Maresova et al., 2018).

2.	 Materials and methods

The data used in the study come from the 7 Wave of SHARE 50+1 called SHARELIFE 
(Börsch‑Supan et al., 2013; Bergmann, Scherpenzeel, Börsch‑Supan, 2019; Börsch‑Supan, 
2022). SHARELIFE focuses on people’s life histories, including all important areas of re‑
spondents’ lives and detailed questions on work history. Respondents from 28 Europe‑
an countries were interviewed. From the studied population we separated people who 
were retired. Subsequently, people who gave the value of their last wage and the first 
pension were distinguished. This allowed us to estimate an indicator called the individ‑
ual rate of replacement of wage with a pension benefit RR (European Commission, 2018).

	 =
first pension .

lat wage
RR 	 (1)

1	 This paper uses data from SHARE Waves 7 (https://doi.org/10.6103/SHARE.w7.700), see Börsch‑
‑Supan et al., 2013 for methodological details.

https://doi.org/10.6103/SHARE.w7.700
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It is one of the best measures describing the level of pensions, allowing for a com‑
parison between different countries or systems (Borella, Fornero, 2009; Chybalski, Mar‑
cinkiewicz, 2016). In the next step, we selected pensioners who receive adequate pension 
benefits. An adequate pension benefit provides protection against poverty and makes 
it possible to maintain the previous standard of living. 70% of RR was taken as the level 
ensuring adequacy (Czepulis‑Rutkowska, 2000). It is regarded as a correspondingly high 
level of substitution.

The following factors were considered to fundamentally affect the chances of obtain‑
ing an adequate pension: seniority, the retirement age, the number of children, and the du‑
ration of education. Then, for people from each investigated country, descriptive statis‑
tics for the studied characteristics were estimated (Tables 1–2).

Table 1. Descriptive statistics for analysed factors for females

Country

Retirement 
Age Seniority Number 

of Children
Duration 

of Education
n

Mean Std. 
dev. Mean Std. 

dev. Mean Std. 
dev. Mean Std. 

dev.
Austria 56.24 4.48 36.36 7.21 1.82 1.31 12.77 4.07 302
Germany 58.19 6.14 38.19 8.77 2.02 1.28 13.89 4.62 247
Sweden 61.44 4.70 39.91 8.40 1.99 0.98 16.11 7.78 305
Netherlands 59.13 5.60 33.52 9.12 1.98 1.25 12.94 3.11 48
Spain 61.12 5.68 41.43 9.82 1.55 1.41 10.67 4.84 89
Italy 55.52 5.75 37.14 8.57 1.72 1.21 11.77 6.34 221
France 57.37 5.03 38.66 7.20 2.07 1.20 13.76 3.40 263
Denmark 58.88 7.82 37.85 9.33 2.07 1.11 15.53 5.81 178
Greece 54.13 5.78 32.45 8.24 1.72 0.88 12.98 4.72 47
Switzerland 60.56 5.03 36.00 10.00 1.82 1.28 14.53 3.52 101
Belgium 57.09 4.34 37.16 7.15 1.69 1.15 14.38 2.98 233
Czech Republic 54.87 4.71 37.57 6.40 2.12 0.91 12.95 2.58 681
Poland 53.73 5.59 33.89 7.93 2.45 1.31 12.79 3.57 212
Ireland 51.13 13.89 33.13 15.28 2.38 2.26 13.25 2.92 8
Luxembourg 57.64 4.83 35.79 8.65 1.79 1.02 13.55 4.44 33
Hungary 54.45 5.50 38.04 6.60 1.82 0.72 12.32 3.33 198
Portugal 58.55 7.17 41.06 8.39 1.72 1.33 11.47 5.80 47
Slovenia 53.78 4.18 36.74 4.26 2.00 0.65 13.62 3.35 95
Estonia 57.81 5.75 39.61 7.61 1.90 1.20 14.71 3.30 221
Croatia 55.58 6.41 36.61 6.46 1.81 0.91 13.61 3.90 31
Lithuania 56.07 5.97 38.32 7.50 2.14 1.34 13.50 4.11 117
Bulgaria 55.67 5.00 37.77 6.26 1.84 0.76 12.80 2.62 61



Alicja Jajko‑Siwek
Pension Adequacy Networks across Europe

FOE 1(362) 2023 https://www.czasopisma.uni.lodz.pl/foe/� 44

Country

Retirement 
Age Seniority Number 

of Children
Duration 

of Education
n

Mean Std. 
dev. Mean Std. 

dev. Mean Std. 
dev. Mean Std. 

dev.
Cyprus 61.47 3.12 41.71 7.73 2.47 1.66 10.18 5.71 17
Finland 58.19 8.04 38.22 9.82 2.07 0.96 16.56 7.27 98
Latvia 57.43 6.23 39.11 7.15 1.79 1.01 14.66 5.44 89
Malta 57.67 9.58 37.83 15.18 1.17 1.17 11.17 2.71 6
Romania 50.91 8.23 33.18 9.29 1.95 1.20 13.43 5.11 44
Slovakia 55.33 4.54 38.57 5.05 2.00 0.98 12.99 2.65 67

Source: own calculations based on SHARELIFE data

Values of variables were estimated separately for women and for men due to the dif‑
ference in the principles of calculating benefits based on gender.

Table 2. Descriptive statistics for analysed factors for males

Country

Retirement 
Age Seniority Number 

of Children
Duration 

of Education
n

Mean Std. 
dev. Mean Std. 

dev. Mean Std. 
dev. Mean Std. 

dev.
Austria 57.04 4.41 42.39 5.06 2.05 1.20 12.09 3.30 337
Germany 59.09 5.41 41.07 7.06 1.90 1.17 14.75 4.54 349
Sweden 61.58 4.82 44.40 6.29 2.04 1.18 15.86 7.35 394
Netherlands 59.08 3.33 42.48 5.54 2.28 1.47 13.56 4.55 214
Spain 59.95 5.80 45.83 7.07 2.31 1.46 10.06 3.96 276
Italy 55.85 5.47 40.54 6.48 1.94 1.16 11.05 5.03 568
France 57.33 3.71 40.31 4.73 2.24 1.34 13.89 4.03 340
Denmark 59.06 7.84 39.63 8.23 2.02 1.19 16.29 4.63 156
Greece 56.44 6.39 38.58 8.04 1.87 1.16 12.49 4.31 101
Switzerland 61.58 3.55 42.57 4.94 1.93 1.27 16.21 4.08 168
Belgium 58.14 4.73 40.54 4.92 2.03 1.36 14.42 3.47 397
Czech Republic 58.16 5.72 41.06 6.86 2.00 0.99 14.28 4.38 365
Poland 55.29 7.40 38.17 7.65 2.44 1.20 13.34 3.39 197
Ireland 60.32 3.49 44.14 6.35 3.04 2.56 13.25 5.23 28
Luxembourg 57.09 2.36 40.97 6.03 2.08 1.11 13.12 4.82 86
Hungary 56.58 6.33 40.89 7.00 1.98 1.11 13.32 3.38 126
Portugal 57.48 5.88 43.79 7.89 1.94 0.99 10.04 5.20 85
Slovenia 56.80 4.87 39.48 5.00 1.84 0.78 14.03 3.67 87
Estonia 59.16 5.52 41.79 6.60 2.04 1.23 13.76 3.44 80
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Country

Retirement 
Age Seniority Number 

of Children
Duration 

of Education
n

Mean Std. 
dev. Mean Std. 

dev. Mean Std. 
dev. Mean Std. 

dev.
Croatia 55.94 9.03 36.62 10.16 2.02 0.92 13.51 3.93 47
Lithuania 58.96 6.88 41.25 8.15 1.88 1.02 13.75 4.36 69
Bulgaria 55.40 8.15 37.12 8.87 1.73 0.81 14.16 4.14 67
Cyprus 61.91 4.39 45.38 7.79 2.69 1.12 12.47 5.38 32
Finland 59.51 6.01 41.92 7.47 2.10 1.32 15.59 6.51 78
Latvia 58.14 5.23 39.78 6.48 1.65 1.03 14.73 4.39 49
Malta 58.67 4.57 43.33 6.29 1.88 1.39 11.61 3.04 69
Romania 54.63 6.72 37.10 7.07 2.44 1.34 15.66 6.14 68
Slovakia 58.61 4.74 41.74 4.62 1.79 0.96 14.13 2.35 38

Source: own calculations based on SHARELIFE data

The obtained descriptive statistics for a given feature form its scheme. The scheme 
of the feature is therefore understood as its average level and its differentiation in a given 
country. Schemes for individual countries and for individual features constitute nodes 
of individual networks. The names of the nodes are the names of the European coun‑
tries. In total, we have N = 28 nodes. The existence of a relationship between any two 
countries means the presence of a statically significant correspondence for a given pen‑
sion factor. The Mann‑Whitney U was used to test the significance because of extremely 
unequal groups. For each pair of countries i and j, and for every pension factor, we test‑
ed the following:

H0: The distributions of two populations are identical.� (2)
H1: The two population distributions are not identical.� (3)
This is how we checked whether two populations were similar or not. In the next 

step, we calculated the U statistic which was min( , i jU U ):

( ) ( )++
= + − = + −

11
         and        ,

2 2
j ji i

i i j i j j i j

n nn n
U n n R U n n R 	 (4)

where in  is the number of observed people in the country i, jn  is the number of observed 
people in the country i, and  iR  and  jR  is the sum of the ranks awarded i and j sample 
values. In the study presented in this paper, we used the statistical significance α = 0.01. 
If two populations in two countries are similar, the  ija  coefficient achieves value 1, and 

=0ija  indicates a lack of statistical similarity between countries in terms of a given fac‑
tor. Then, using the obtained significance ija  for similarity of countries, adjacency ma‑
trices A were built:
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 
 =  
  



  



11 1

1

.
N

N NN

a a
A

a a
	 (5)

These matrices constitute the basis for building a network of countries and links be‑
tween countries due to the studied pension factors.

The networks were constructed for the four factors mentioned above: seniority, 
the retirement age, the number of children, and the duration of education. For gen‑
der, they were done separately. This way, we achieved eight economic networks.

Mathematically, the studied networks are defined as G = (V, E), where V = {1, 2, …, N} 
is a set of nodes (vertices) and  { }⊆ ∈, | ,E i j i j V  is a set of links (edges). Links are simply 
pairs of nodes. We use symbol =ija  1 if nodes i and j are related to each other, and  =0ija  
if they are not. Thus, in our case, the network is a theoretical structure represented by 
an undirected graph in which the nodes represent N countries, or more precisely, their 
mean values of the pension factor. The links constitute the relationship between coun‑
tries denoting a statistical similarity ija  for a given factor (Figure 1).

country1

country2

country3

country4

country5

a=1

Figure 1. The network topology for pension adequacy in European countries
Source: own calculations based on SHARELIFE data

Next, networks were analysed for their characteristic properties used in econom‑
ics of financial networks research (Wasserman, Faust, 2007; Emmert‑Streib et al., 2017; 
Grund, 2018).

At the lowest analytical level – the micro level – it is possible to obtain information 
about individual countries occurring in the network and the relationships between them. 
For this purpose, we used measures oriented at individual network nodes. The ones that 
are most frequently used include assessment measures of  centrality of  individual 
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network nodes. There are three centrality measures used in this case for node v: degree 
centrality c

vk , closest centrality c
vc , and betweenness centrality c

vb . They are defined as 
follows:

=
−

,
1

c v
v

kk
N

	 (6)

( )
≠

−
=
∑

1 ,
,

c
v

v j

Nc
d v j

	 (7)

( )σ
σ≠

=∑  ,ijc
v

i j ij

v
b (8)

where vk  is the degree of node, ( ),d v j  is the length of the shortest path between the nodes
v and j, σ ij  is the total number of links between the nodes i and j, and  ( )σ ij v  is the num‑
ber of links between the nodes i and j that pass through the node v. In our study, we use 
the measure betweenness centrality for the analysis, which allows us to define how many 
shortest links go through an individual v node. In other words, it determines the frequen‑
cy of a given node appearing in the link between two other unconnected nodes of the net‑
work. The measure betweenness centrality is used to identify structural gaps and key 
network links – the network core. This is how the integrity of the network is determined. 
It is then possible to divide the network into two subsets: the core and the periphery, i.e.: 
a group of countries with a typical pattern of a given retirement trait and atypical coun‑
tries whose scheme of a given feature differs from the rest of the community. Such knowl‑
edge enables an improvement of the position of individual countries in the network 
and a reduction of gaps between countries by virtue of a given feature.

The analysis at the macro level concerns the entire network and allows us to obtain 
information about the network as a whole. The study was based on: density D, degree 
centralization K and clustering coefficient C (Emmert‑Streib et al., 2017).

The D density of a network is defined as the proportion of actually observed links 
among the potentially observable ones:

( )
=

−
2 ,

1
LD

N N
(9)

where L is the number of links:

= ∑
,

1  .
2

N

ij
i j

L a (10)

For each pension feature, this indicator allows us to determine to what extent coun‑
tries are similar or different from each other due to the studied variable.
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Network degree centralization K was also calculated. The reference point here are 
relations between the network nodes. The degree ki of the node i is the number of links 
per node i and it is given by:

=∑ .
N

i ij
j

k a (11)

The average degree for the entire network is:

= ∑1 .
N

i
i

K k
N

	 (12)

Degree centralization determines the degree to which the network is centralised 
to a maximally centralised network, the so‑called star‑network. The star network is 
a network in which only one node is connected to another node which in turn is con‑
nected to all other nodes. The highly centralised network is thus dominated by one node. 
A network with lower centralization is more resistant to changes. Centrality is a com‑
plementary measure to density.

Another useful network measure is the clustering coefficient C which for a node 
in an undirected network is defined by:

( )
=

−
2 ,

1
i

i
i i

mc
n n

(13)

where in  is the number of neighbours of node i and  im  is the number of adjacent pairs 
between all neighbours of i (Emmert‑Streib et al., 2017). The clustering coefficient C 
of the entire network is averaged over all other nodes:

= ∑1 .
N

i
i

C c
N

	 (14)

It is a measure of the extent to which nodes in the network tend to cluster together. 
The creation of new connections, the disappearance of old ones, and the tendency to form 
groups of nodes with similar characteristics is called homophily. It means making simi‑
larities similar, and results from the fact that it is like the phenomena of acquaintances. 
As a result, in most real networks, nodes tend to form tightly related groups that have 
a high link density. There are several definitions of a network clustering coefficient. 
In the study, we use the general clustering coefficient which is measured as the average 
of the local clustering coefficients of all vertices.

To test the similarity between entire networks, using the correlation coefficient r 
for entire networks is necessary. It is given by:
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where ei is a row of dyads after the transformation of an adjacency matrix into a dataset 
of dyads, where a dyad is a pair of nodes i and j in the network plus the relation between 
them. In an undirected, binary network, there are:

( )−1
2

N N
(16)

Such an analysis is performed to determine the relationship between the networks 
for individual pension characteristics and between the networks for women and men 
(Grund, 2018).

At the macro level of the analysis, i.e. in relation to the typology of the network 
as a whole, the results of the analyses can be used, firstly, to increase the effective‑
ness of the mechanisms of integration and coordination of pension systems through 
increased possibilities of determining the standard of the level of the pension fea‑
ture and, secondly, to optimise the centralization of the network based on the search 
for the best solution, the pension trait scheme.

In economics, the role of networks has long been studied in game theory and pay‑
ment systems (Kobayashi, Masuda, 2021), in finance (Faggini, Bruno, Parziale, 2019; 
Baltakys, Le Viet, Kanniainen, 2021), or in economics (Rendón de la Torre et al., 2016). 
However, in many fields of economics, network analysis has not received much atten‑
tion until recently (Nagurney, 2019; Kobayashi, Masuda, 2021). In this research network 
analysis is used for describing a standard economic model.

Calculations are performed using STATA 16 (Stata Corp LLC, College Station, Tex‑
as, USA).

3. Analysis of results

In  this section, different networks are shown according to  four factors important 
for the level of pension benefit, i.e. for seniority, the retirement age, the number of chil‑
dren, and  the duration of education. Networks have been made separately for men 
and women. First, micro analyses are performed for each network. In the second step, 
networks at the macro level are discussed. Finally, correlations between the networks 
are considered.
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3.1.	 Pension Adequacy Network by seniority

The first two networks presented in Figure 2 relate to seniority. They represent net‑
works of 28 countries that are statistically similar regarding the seniority of pension‑
ers who receive adequate pension benefits. The network shown in (a) refers to women 
and in (b) to men.
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Figure 2. Networks for pension adequacy in European countries by seniority: 
(a) Female, (b) Male
Source: own calculations based on SHARELIFE data

In the case of the network built for women, as we can see in Figure 2a, two coun‑
tries – Malta and Ireland are isolated from the rest of the network, which in practice 
means that they have a completely different pattern of seniority in obtaining ade‑
quate retirement benefits. Their betweenness centrality is equal to 0 (Table 3). This 
is in doubt due to a small number of women receiving adequate benefits in these coun‑
tries, and this fact makes it difficult to compare these countries with the other ones. 
Inside the network, on the other hand, are the countries that form the core, denot‑
ing the most popular solutions and patterns of seniority in these retirement systems. 
These countries have the highest level of betweenness centrality. These are Spain, 
Greece and Poland (Table 3). The other countries are therefore located on the so‑called 
structural periphery as a result of their relatively smaller common seniority patterns. 
In the case of seniority network for men (Figure 2b), seniority patterns in Spain, Swe‑
den and Poland are similar, whereas Lithuania, Slovakia and Finland have the most 
unusual seniority patterns. Their betweenness centrality is low (Table 3).
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Table 3. Networks for seniority – betweenness centrality

Female Betweenness Male Betweenness
Spain 73.85 Spain 52.90
Greece 71.43 Sweden 50.03
Poland 71.43 Poland 36.06

… … … …
Croatia 0.15 Finland 1.20
Malta 0.00 Slovakia 1.20
Ireland 0.00 Lithuania 0.30

Source: own calculations based on SHARELIFE data

Poland, Greece, Sweden, and Spain have the greatest number of similarities in the pat‑
tern of seniority in comparison with other countries. They have the lowest or the high‑
est seniority values: Greece for women – 32 years, and Spain for men – nearly 46 years. 
On the other hand, the countries which are isolated from other countries in seniority 
patterns are Ireland, Croatia, Malta, Lithuania, Slovakia, and Finland. Ireland and Malta 
aside, which are characterised by a small number of analysed population, the remaining 
countries have a mean level of seniority.

Countries located in the centre of the network, such as Spain, Sweden or Poland, 
are characterised by a common level of seniority for achieving adequate pension. 
The pension systems in these countries are very similar and consist of a mandato‑
ry state pension scheme as well as voluntary company and individual pension provi‑
sion. The countries located on the edge of the network, such as Ireland and Finland, 
have pension systems with less common solutions. The Irish public pension is a ba‑
sic scheme paying a flat rate to all who meet the contribution conditions. The Finnish 
pension system consists partly of national pensions, which are based on residence 
in Finland.

3.2.	 Pension Adequacy Network by retirement age

The next two networks in Figure 3 are connected with the retirement age. They repre‑
sent networks of 28 countries that are statistically similar regarding the retirement age 
of pensioners who receive adequate pension benefits. The network shown in (a) refers 
to women, in (b) to men.



Alicja Jajko‑Siwek
Pension Adequacy Networks across Europe

FOE 1(362) 2023 https://www.czasopisma.uni.lodz.pl/foe/� 52

austria

germany

sweden

netherlands

spain

italy
france

denmark

greece

switzerland

belgium

czechrepublic

poland

ireland

luxembourg
hungary

portugal

slovenia

estonia

croatia lithuania
bulgaria

cyprus

finland

latvia

malta

romania

slovakia
austria germany

sweden

netherlands

spain

italy

france

denmark

greece

switzerland

belgium

czechrepublic

poland

ireland
luxembourg

hungary

portugal

slovenia

estonia

croatia

lithuania

bulgaria

cyprus

finland

latvia
malta

romania

slovakia

(a) (b)

Figure 3. Networks for pension adequacy in European countries by retirement 
age: (a) Female, (b) Male
Source: own calculations based on SHARELIFE data

In the case of the network built for women, just as it was in the case of the network 
for seniority, two countries – Malta and Ireland are isolated from the rest of the net‑
work (Figure 3). These countries have a low population of women who achieve an ad‑
equate pension compared with the other countries. The core of the network is built by 
Sweden, Romania, and Spain. These countries have the highest level of betweenness 
centrality. Sweden, Switzerland, and Cyprus (Table 4) constitute the core in the net‑
work constructed for the retirement age for men. By contrast, retirement age patterns 
in Croatia, Slovakia, and Latvia are atypical.

Table 4. Networks for retirement age – betweenness centrality

Female Betweenness Male Betweenness
Sweden 32.52 Sweden 57.37
Romania 30.23 Switzerland 57.37
Spain 25.16 Cyprus 42.37

… … … …
Croatia 0.63 Croatia 0.99
Malta 0.00 Slovakia 0.58
Ireland 0.00 Latvia 0.58

Source: own calculations based on SHARELIFE data
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The countries with the highest or the lowest retirement age constitute the core of net‑
works. They include Cyprus, with almost 62 years for men, and Romania, with about 
51 years for women. Countries with a low number of links, or with a lower value of be‑
tweenness centrality, have an average level of retirement age. Here we have Croatia, 
for example, with about 56 years for women and for men.

The retirement age is strongly correlated with seniority. That is why the network 
for this variable is very similar to the network for seniority.

3.3.	 Pension Adequacy Network by number of children

Figure 4 illustrates how networks have been built for the ‘number of children’ variable.

austria

germany

sweden

netherlands

spain
italy

france

denmark

greece

switzerland

belgium

czechrepublic
poland

ireland

luxembourg

hungary

portugal

slovenia

estoniacroatia

lithuania

bulgaria
cyprus

finland

latviamalta

romania

slovakia
austria

germany

sweden

netherlands

spain

italy

france

denmark

greece

switzerlandbelgium

czechrepublic poland

ireland

luxembourg
hungary

portugal

slovenia

estoniacroatia

lithuania

bulgaria

cyprus

finland

latvia

malta

romania

slovakia

(a) (b)

Figure 4. Networks for pension adequacy in European countries by number 
of children: (a) Female, (b) Male
Source: own calculations based on SHARELIFE data

In the case of the network built for women, four countries, i.e., Romania, Cy‑
prus, Ireland, and the Netherlands, are isolated from the rest of the network. They 
have 0 level of betweenness centrality (Table 5). There are few countries inside 
the network. Poland has definitely the most common pattern. In the case of the net‑
work built for men, Finland, Estonia, and Luxembourg are isolated. The links lead‑
ing through Cyprus and Poland (Table 5) are the most common.

Table 5. Networks for number of children – betweenness centrality

Female Betweenness Male Betweenness
Poland 349.87 Cyprus 250.18
Czech Republic 37.67 Poland 152.18
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Female Betweenness Male Betweenness
Spain 23.53 Bulgaria 53.30

… … … …
Ireland 0.00 Luxembourg 0.00
Cyprus 0.00 Estonia 0.00
Romania 0.00 Finland 0.00

Source: own calculations based on SHARELIFE data

The most dominant scheme can be seen for Polish people who are characterised 
by a relatively large number of children, on average approximately 2.5, and the stand‑
ard deviation of about 1.2–1.3. It is worth noting that women in Poland have ae lot 
of children in comparison with other European countries. However, it is connected 
with their relatively low retirement age associated with short seniority. The combina‑
tion of these variables, however, still allowed them to achieve an adequate pension. It 
can be partly explained by paying state pension contributions during the time of their 
parental leave. This action increases the level of future pension. Another reason is 
associated with women’s low salaries which in relation to low pension produce a suf‑
ficiently high replacement rate.

This may provide guidance for decision makers to construct fertility‑friendly pen‑
sion systems in which having children can be favourable for adequacy.

3.4.	 Pension Adequacy Network by duration of education

Figure 5 shows the last two networks which refer to the duration of education.
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Figure 5. Networks for pension adequacy in European countries by duration 
of education: (a) Female, (b) Male
Source: own calculations based on SHARELIFE data
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Ireland is isolated from the rest of the network, Romania and Croatia, on the other 
hand, have low betweenness centrality (Table 6) for women, and Ireland, Latvia, and Cro‑
atia – for men. Spain, Sweden, and Finland have built the core in the networks for wom‑
en, whereas Spain, Portugal, and Denmark have done so for men (Table 6).

Table 6. Networks for time of education – betweenness centrality

Female Betweenness Male Betweenness
Sweden 89.28 Spain 55.18
Spain 82.14 Portugal 53.20
Finland 79.13 Denmark 48.47

… … … …
Croatia 0.10 Latvia 0.78
Romania 0.10 Croatia 0.67
Ireland 0.00 Ireland 0.18

Source: own calculations based on SHARELIFE data

The principle for this factor is the same as for the previous ones. The core of the net‑
work is composed of the countries with the highest or the lowest duration of education. 
Denmark, Sweden, or Finland have around 16 years of studying, while Spain or Portugal 
only 10 years of studying. Countries with an average learning period of around 13.5 years 
have a low value of intermediation centrality and are on the periphery of the networks.

As it was in the case of network for seniority and the retirement age, countries lo‑
cated in the centre of the network for the duration of education, Spain and Sweden, have 
the most popular kind of pension system in Europe, with three parts: a national pub‑
lic pension from the state and an occupational pension from the employer along with 
any personal savings. Objects located on the edge of the network, such as Ireland, are 
characterised by rare pension system solutions. Their public pension is a basic scheme, 
paying a flat rate to all who meet the contribution conditions.

3.5.	 An analysis of the entire Pension Adequacy Network

Next, characteristics of the entire networks are discussed and investigated in Table 7. 
The retirement age networks are the densest of all the networks. The nodes in these 
networks have the greatest number of connections. This means that we have the larg‑
est number of similarities between countries in terms of this factor. This applies to both 
women and men. The high density of networks concerning seniority, the retirement 
age and the duration of education means that, as a result of the applied systemic pen‑
sion solutions in these countries, we have similar values of these features. On the other 
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hand, a very low network density can be seen in relation to the number of children. It 
indicates few similarities between countries with regard to this variable. At the same 
time, the network for the number of children is the most centralised. Selected countries 
have the greatest number of connections.

Table 7. The networks characteristics

Variable
Density Degree Centraliza-

tion
Clustering 
Coefficient

Female Male Female Male Female Male
Seniority 0.492 0.302 0.417 0.412 0.248 0.434
Retirement Age 0.495 0.500 0.332 0.403 0.489 0.472
Number of Children 0.143 0.206 0.697 0.554 0.048 0.329
Duration of Education 0.378 0.479 0.491 0.464 0.568 0.410

Source: own calculations based on SHARELIFE data

Most of the networks obtained have a high clustering coefficient between 0.24 and 0.57. 
This is a typical phenomenon for economic networks. On the other hand, the clustering 
coefficient for the network built for women and regarding the number of children is sur‑
prisingly low. Its value equals 0.048, which means the presence of one leader. This is also 
confirmed by a high degree of betweenness centrality for Poland, high degree centrali‑
zation, low density, and the resulting low number of links among the countries.

In the next step, the correlation between networks built for men and women for dif‑
ferent variables has been checked. As we can see in Table 8, only networks for children 
vary between gender. The correlation in this case is weak. The remaining factors con‑
sidered give similar networks for men and women.

Table 8. Correlation between networks for females and males

Variable Correlation
Seniority 0.24***
Retirement Age 0.39***
Number of Children 0.22**
Time of Education 0.36***

* p < 0.1, ** p < 0.05, *** p < 0.01.

Source: own calculations based on SHARELIFE data

     Table 9 illustrates correlations between networks for individual variables separ-
ately for women and men.
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Table 9. The Network Correlation for variables

Variable 1 Variable 2 Female Male
Seniority Retirement Age 0.301*** 0.307***

Number of Children 0.144** 0.178**
Duration of Education 0.155* 0.051

Retirement Age Seniority 0.301*** 0.307***
Number of Children 0.171** 0.144**
Duration of Education 0.174** 0.191**

Number of Children Retirement Age 0.171** 0.144**
Seniority 0.144** 0.178**
Duration of Education 0.101 0.047

Duration of Educa‑
tion

Retirement Age 0.174** 0.191**
Seniority 0.155* 0.051
Number of Children 0.101 0.047

* p < 0.1, ** p < 0.05, *** p < 0.01.

Source: own calculations based on SHARELIFE data

The networks describing the patterns relating to seniority and the retirement age 
are the most similar together. We have very strongly correlated networks here for both 
women and men. This means that the behaviour of pension system participants in in‑
dividual European countries is similar with regard to these two variables. On the other 
hand, the educational scheme presented by the networks – the duration of education 
variable – is the most unusual and similar only to the scheme for the retirement age. It 
concerns both women and men.

4.	 Conclusions

The study has used Social Network Analysis (SNA) as a research method. The practi‑
cal possibilities of the network have been used to study the adequacy of pension bene‑
fits in terms of the retirement age, seniority, the duration of education, and the number 
of children of retired people.

The SNA method has allowed us to define a network typology of pension factor links 
between European countries, and also in various types of pension systems. The analysis 
has focused on the identification of their similarities and differences. In this way, a spe‑
cific structure of schemas for each of the examined retirement factor has been created. 
It could help to indicate which solutions are conducive to the generation of adequate 
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retirement benefits. In this context, two basic levels of analysis have been introduced: 
the location of individual countries in the network and the entire network. Correlations 
between networks have also been checked.

First of all, the results show that networks have similar properties for variables di‑
rectly affecting the level of benefits among all the examined pension factors. Networks 
built for seniority and the retirement age have turned out to be the densest and with 
the least centralization. This means that there are many similarities between the sur‑
veyed countries in terms of these two factors. The situation in the case of the duration 
of education variable is intermediate. In contrast, networks for the number of chil‑
dren are by far the least dense and have the greatest centralization.

Moreover, looking at  the countries distinguished as the core and the periphery 
through betweenness centrality, it can be seen that countries with similar system 
solutions have similar patterns of pension variables (Szumlicz, Żukowski, 2004). Thus, 
the shape of the system affects the level of retirement factors of its participants. There‑
fore, it can be expected that by introducing systemic regulations conducive to certain 
attitudes, such as extending working time and postponing the time of retirement, it is 
possible to achieve a better effect for the entire population. Undoubtedly, taking such 
steps will help to maintain the adequacy of retirement benefits. In view of the ageing 
of the population, it will be necessary to introduce such solutions.

Next, it can be seen that men and women do the same in terms of the studied retire‑
ment factors. The same variable networks are similar for women and men. The correla‑
tions between gendered networks are also large and significant. This means that gender 
is not a factor that differentiates connection patterns for the examined factors.

The most important factor which strongly differentiates the population of pension‑
ers in terms of the adequacy of pension benefit is the number of children. The pattern 
of the number of children in Poland is dominant, while other patterns of the value of this 
variable are much less common. Therefore, we can say that there are not many rela‑
tionships between the studied countries in terms of the demographic factor of fertility. 
Each country has its own pattern in terms of the number of children. We can therefore 
conclude that there is a large space for making changes to pension systems in terms 
of the number of children. This is all the more important as it is a key factor in the ade‑
quacy of pay‑as‑you‑go systems. Therefore, it is vital to seek solutions aimed at linking 
pensions with the number of children. The choice of such pension structures would have 
an impact on the future of the pension system also in the context of its stability. Individ‑
ual decisions to enlarge the family could have positive implications for entire pension 
systems (Cigno, 2007).

The obtained results confirm that awareness of the consequences of the impact 
of pension factors on the level of pension benefits is reflected in the actions taken by 
pensioners in European countries. It can be concluded that the value of pension factors 
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is similar in pension systems with the same construction. This means that it is worth 
considering changes in multi‑pillar pension system countries aimed towards individual 
pension wealth (Chłoń‑Domińczak, 2016).

In the course of further considerations on the optimal pension system and providing 
adequate pension benefits, it is advisable to look for solutions that also take into account 
different expectations in the life cycle of people belonging to pension systems (Made‑
ro‑Cabib, Fasang, 2015).

The research presented in the article complements the research that uses traditional 
methods such as cluster analysis (Jajko‑Siwek, 2020a; Krpan, Pavković, Žmuk, 2020) or 
sequence analysis	 (Jajko‑Siwek, 2020b). It could be considered as a step further to aim 
at constructing a pension system that will provide adequate pension benefits to a wide 
range of pensioners.
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Sieci adekwatności emerytalnej w Europie
Streszczenie:	 Proces starzenia się ludności Europy stanowi wyzwanie dla syste‑

mów emerytalnych. Oznacza to konieczność poszukiwania rozwią‑
zań, które pozwolą poszczególnym krajom generować adekwatne 
świadczenia emerytalne. Celem artykułu jest przedstawienie typo‑
logii sieci adekwatnych świadczeń emerytalnych w krajach euro‑
pejskich. Jako metodę badania zastosowano sieci społecznościowe. 
W analizie uwzględniono typologię sieci wynikającą z czynników 
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emerytalnych, takich jak: staż pracy, wiek emerytalny, płeć, liczba 
dzieci oraz czas nauki. Sprawdzono również korelację między siecia‑
mi. Najbardziej nietypową sieć uzyskano dla liczby dzieci. Spośród 
wszystkich badanych czynników najbardziej zbliżone są do siebie 
sieci uzyskane dla stażu pracy i  wieku emerytalnego. Otrzyma‑
ne wyniki wskazują, że systemy emerytalne, które są zbudowane 
w ten sam sposób, charakteryzują się także podobnymi wzorcami 
poziomu czynników emerytalnych. Wzorce powiązań dla badanych 
zmiennych nie są zróżnicowane ze względu na płeć.

Słowa kluczowe:	 adekwatność, analiza sieci społecznych, emerytura, staż pracy, 
wiek emerytalny
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