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Population pyramid is a very popular presentation of the age-sex distribution of the human population of a
particular region. The shape of the pyramid shows many demographic, social, and political characteristics
of the time and the region. In the paper results of hierarchical clustering of the world countries based on
population pyramids are presented. Special attention is given to the shapes of the pyramids. The changes
of the pyramids’ shapes, and also changes of the countries inside main clusters are examined for the years
1996, 2001, and 2006.
Also smaller territorial units of a country can be observed through clusters. To illustrate this, clusters
of 3111 mainland US counties in the year 2000 obtained using the hierarchical clustering with relational
constraint of counties’ population pyramids are examined. In the paper, the results for clustering into nine
main clusters are presented.

Povzetek: Prikazano je grupiranje demografskih piramid.

1 Introduction
Population pyramid is a very popular presentation of the
age-sex distribution of the human population of a particular
region. It gives picture of a population’s age-sex structure,
and can also be used for displaying historical and future
trends.

Generally, there are three main pyramids’ shapes: ex-
pansive, constrictive, and stationary (Figure 1). The expan-

EXPANSIVE CONSTRICTIVE STATIONARY

Figure 1: Three main shapes of population pyramids

sive shape is typical for fast-growing populations where
each birth cohort (a group of people born in the same
year or years period) is larger than the previous one (Latin
America, Africa).

Constrictive shape displays lower percentages of
younger population (United States).

Stationary shape present somehow similar percentages
for almost all age groups. The population pyramids of the

Scandinavian countries tend to fall in this group.
Since the biggest influence on the pyramid’s shape have

fertility and mortality, the explanation of the pyramids’
shapes is often related to the "Demographic Transition
Model" (DTM) that describes the population changes over
time (Figure 2). It is based on an interpretation that begun
in 1929 by the American demographer Warren Thompson,
of the observed changes, or transitions, in birth and death
rates in industrialized societies over the past two hundred
years.

Besides births and mortality, also other processes, de-
pending on social or/and political policy and events (migra-
tions, birth control policy, war, life-style etc.) have strong
influence on age-sex structure of the population, that reflect
also on the shape of the population pyramid.

Population pyramids are very easily understandable to
almost everyone. In the combination with professional
knowledge, they offer also many additional explanations
about different processes to experts (e.g. demographers,
sociologists, politicians, economists, geographers).

Due to these facts we decided to observe clusters of the
world countries based on the shapes of their population
pyramids. We observed how countries and clusters of them
fit with the main pyramids’ shapes and how stable are clus-
ters that we got with hierarchical clustering. Selected clus-
tering procedure to determine clusters of the world coun-
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rate; short life expectancy

High birth rate; fall in death
rate; slightly longer life
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Low birth rate; low death rate;
longer life expectancy

Figure 2: Shapes of population pyramids for 4 stages of the
demographic transition model

tries is based on the Ward’s hierarchical clustering method.
For each country a clustering can be applied also on

smaller regions. In smaller regions the influence of other
processes besides births and mortality (for example local
migrations caused by schooling, religion, work or health
reasons etc.) is even more emphasized, which reflect in dif-
ferences of pyramids’ shapes. Therefore we further exam-
ined clusters of 3111 mainland US counties. To determine
clusters, hierarchical clustering with relational constraint
was used.

Since we are not demographers we focus on the presen-
tation of the methods and results they produce, and we lim-
ited the explanation of them to the ’technical’ character-
istics (results that can be directly seen from the obtained
graphs and clusters), hoping that the proposed approaches
will catch the attention of researches using pyramids’ anal-
ysis in their work.

2 Clustering procedure
Data on the population pyramids of the world countries
used in our analysis were taken from the web page of the
International Data Base (IDB). Age is divided into 17 five-
years groups (0-4 years, 5-9 years, 10-14 years, ..., 75-79
years, 80+). In our model, for each country each age group
is considered as a separate variable for each sex, so each
country is presented with 34 variables: 17 variables for
5-years age groups for men, and 17 variables for 5-years
age groups for women. Values are normalized so that they
present percentages of the country’s population in each age
group. Euclidean distance between corresponding vectors
is used. Although some objections against the usage of
this difference measure can be found (Andreev, 2004), in
our opinion in observation of the shapes of the population
pyramids, each age-group can be considered as a separate
variable.

For clustering procedure, the algorithm for the Ward’s

hierarchical method, implemented in a package ’cluster’
in the statistical environment R was used. This clustering
procedure is implemented based on the description of the
method in Kaufman and Rousseeuw, 1990.

Since each country is represented with normalized vec-
tor (relative age-sex distribution), the ’centroid’ pyramids
of the clusters of countries are not real population pyra-
mids describing the whole population in the clusters, but
are based on the new vector got with the clustering pro-
cedure. So they can be interpreted only in terms of shapes,
not as a population pyramids of countries’ clusters, because
the population size of the whole cluster is not taken into ac-
count. But on the other hand such approach enables us to
detect even small countries with very different pyramids’
shapes based on special countries’ characteristics.

3 Clusters of the world’s countries
over time

We observed clusters of the world countries obtained by
the Ward’s clustering procedure for each year from 1996
to 2007. Although the time period is rather short for the
human life, substantial changes can be seen. In Figure 9,
Figure 10, and Figure 11 respectively, hierarchical trees for
the years 1996, 2001, and 2006 with the appropriate pyra-
mids’ shapes for some of the main clusters are presented.

3.1 Pyramids’ shapes of the clusters of
world countries

Our first examination is concentrated on the shapes of the
population pyramids of the clusters in the hierarchies. For
each of the years 1996, 2001, and 2006, some of the inter-
pretations are given. Much more detailed information can
be obtained depending on the cutting level in the hierarchy
and on the interest of the observer.

3.1.1 Year 1996

For the year 1996, the dataset contains 215 countries. Four
main pyramids’s shapes are presented in Figure 3. The first
cluster has typical expansive pyramid’s shape. It includes
77 countries (most of African countries etc.). When com-
paring these pyramids’ shapes with pyramids’ shapes of the
DTM shown in Figure 2, we can say that the first one cor-
responds to the Stage 1, the second and the third have char-
acteristics of the Stage 2 and 3, and the last looks between
stages 3 and 4. For easier explanation of later observations
we will denote them with letters A, B, C, and D respec-
tively.

Clusters at the bottom levels of the hierarchy are more
and more similar. When we cut at the level with eight clus-
ters, clusters A and C are each divided into two smaller
clusters presented in Figure 4 for cluster A and in Figure 5
for cluster C. Cluster B remains the same also when cutting
into eight clusters. First shape from Figure 4 corresponds
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Figure 3: Pyramids’s shapes of four main clusters of the
countries for the year 1996
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Figure 4: Pyramids’s shapes of the first two (from the left)
of eight clusters of the countries for the year 1996

to the Stage 1, but the second one looks closer to Stage 2
of the DTM from Figure 2.
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Figure 5: Pyramids’s shapes of the fourth and fifth (from
the left) of eight clusters of the countries for the year 1996

The last cluster in Figure 5 includes countries with very
big differences between gender’s distributions: Bahrain,
Kuwait, Qatar, and United Arab Emirates. Since in all these
countries the population of men in the data is much bigger
(specially in the middle ages) than of women, this has effect
also on the pyramid’s shape of the cluster. We also calcu-
lated dissimilarities between gender’s distributions for all
countries in 1996, and five of them with the largest differ-
ences are: United Arab Emirates, Qatar, Kuwait, Oman,
and Bahrain. Four of them are included in the described
cluster, detected in the hierarchy.

Cluster D is at lower level divided into three smaller
clusters. Their pyramids’s shapes are presented in Fig-
ure 6. Slovenia is in the last cluster from the right together
with 34 other countries. The most similar country to Slove-
nia is Croatia, and after it also Belgium, France, Finland,
and Gibraltar what can be seen on the dendrogram in Fig-
ure 9. The age distributions of both genders in the pyra-
mid’s shape are quite similar, although there are slightly
more women, specially those that are older than 70.

Similar and even more detailed descriptions at lower lev-
els can be obtained for each group in the hierarchy. With
additional knowledge about countries more detailed expla-
nations of the shapes can be given which also offer many
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Figure 6: Pyramids’ shapes of the last three (from the right)
of eight clusters of the countries for the year 1996

interesting points for discussion about similarities and dif-
ferences among countries and/or clusters.

3.1.2 Year 2001

Hierarchy on the 222 world countries for the year 2001 is
presented in Figure 10. At the upper level of the dendro-
gram two main shapes of pyramids can be seen. The first
pyramid’s shape approximately corresponds to the Stage 2
of the DTM shown in Figure 2, and the second one approx-
imately corresponds to the Stage 4.

One level lower each of two main clusters is divided into
two additional clusters. Their pyramids’ shapes are pre-
sented in Figure 7. Their shapes are similar to those in the
year 1996, therefore we denoted appropriate clusters with
the same letters A, B, C and D.
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Figure 7: Pyramids’s shapes of four main clusters of the
countries for the year 2001

Inspecting lower level of the hierarchy, eight clusters can
be detected. First cluster is the same as the first one (A) pre-
sented in Figure 7. It includes 60 countries and has typical
expanding shape of the population pyramids.

Cluster B is at the lower level divided into two smaller
clusters. The shapes of the pyramids are presented in Fig-
ure 8. They approximately fit to Stage 2 and Stage 3 of
the DTM. That shows some progress in countries’ devel-
opment comparing with the year 1996.
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Figure 8: Pyramids’s shapes of the second and third (from
left) of eight clusters of the countries for the year 2001
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Figure 9: Clusters of the countries and main pyramids’ shapes for the year 1996
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Figure 10: Clusters of the countries and main pyramids’ shapes for the year 2001
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Figure 11: Clusters of the countries and main pyramids’ shapes for the year 2006
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Cluster C is at the lower level divided into three addi-
tional smaller clusters. Their pyramids’ shapes are pre-
sented in Figure 12. Among eight clusters United Arab
Emirates forms separate cluster by itself (the right pyramid
in Figure 12).

Its population pyramid’s shape shows big differences be-
tween gender’s distributions in the country. At the upper
levels, Northern Mariana Islands, Qatar etc. join United
Arab Emirates.
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Figure 12: Pyramids’s shapes of three of eight clusters of
the countries for the year 2001

The last cluster D among four main clusters is at lower
level divided into two smaller and more similar clusters of
countries. Their pyramids’ shapes are presented in Fig-
ure 13. Slovenia is in the right cluster in Figure 13 together
with 27 other countries. Among them were twelve coun-
tries (Belgium, Bulgaria, Croatia, Czech Republic, Fin-
land, France, Gibraltar, Greece, Hungary, Japan, Portugal,
and Spain) also in the selected cluster with Slovenia among
eight main clusters for the year 1996. The shape of the
pyramid in this cluster is rather symmetric, although there
are larger values in the women side (specially for older than
75).
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Figure 13: Pyramids’s shapes of the last two among eight
clusters of the countries for the year 2001

3.1.3 Year 2006

The last hierarchy we present is the hierarchy of 222 the
countries for the year 2006. It is presented in Figure 11.
The shapes of the pyramids of the four main clusters are
presented separately in Figure 14. Also these shapes are
similar as in the years 1996 and 2001 therefore appropri-
ate clusters are denoted with the same letters. As for the
previous two years also for the year 2006 more detailed ex-
planations for each cluster of the hierarchy could be found.

3.2 Stability of the clusters in the
hierarchies

In the following section we observe how stable are the main
clusters over time. For each of the years 1996, 2001, and
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Figure 14: Population pyramids of the main clusters of the
countries for the year 2006

2006 we present the results of observation of four main
clusters. From Figure 3, Figure 7, and Figure 14 we can see
four main rather similar pyramids’ shapes, although even
these are slightly changing over time.

Observing changes of countries inside each of the clus-
ters A, B, C and D for each of the years 1996, 2001 and
2006, we can conclude the following:

Countries from the cluster A in the year 1996 (Figure 3)
are in the year 2001 in clusters A and B (Figure 7). All
these countries except one (Vanuatu) are included in the
cluster A in the year 2006 (Figure 14).

Cluster B in the year 1996 is included in cluster B in
2001 (the only exception is Oman), and also mostly corre-
sponds to the cluster B in the year 2006.

Cluster C in the year 1996 is mainly presented in clusters
B and C in the year 2001, and all except three of the coun-
tries from it are included in the cluster C in the year 2006.
The remaining three countries (Kuwait, Turks and Caicos
Islands, and United Arab Emirate) are in the year 2006 in-
cluded in the cluster B. This is not surprising because of
the differences of gender’s distributions in these countries.

The fourth cluster D of four main clusters in the year
1996 is mainly included in cluster D in the year 2001, and
most of the countries, precisely 46 from 60 countries from
it, are also included in cluster D in the year 2006. The
remaining 14 countries from it are in cluster C in 2006.

Similar comparisons were made for the years 2001 and
2006:

The first cluster A of four main clusters in the year 2001
(Figure 7) is included in cluster A in 2006 (Figure 14).

Most of the countries from cluster B in 2001 are in-
cluded in clusters A and B in 2006, except six countries
(Albania, Armenia, Dominica, Kazakhstan, Saint Kitts and
Nevis, and Trinidad and Tobago), that are in 2006 included
in cluster C.

Five of the countries (Brunei, Guam, Northern Mariana
Islands, Turks and Caicos Islands, and United Arab Emi-
rates) from cluster C in 2001 are moved to cluster B in
2006, all the remaining countries are in 2006 included in
cluster C.

46 of 54 countries (including Slovenia) from cluster D in
2001 create cluster D in 2006, the remaining eight countries
are in 2006 included in cluster C.

In the Figure 15 we present these movements among four
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main clusters for the years 1996, 2001 and 2006 with the
number of countries.

A B C D

1996 77 47 31 60
57 20

1 46

5 25 1

7 53

2001 60 72 36 54
60

26 40 6

5 31

8 46

2006 86 45 45 46

Figure 15: Movements presented with the number of coun-
tries among four main clusters for the years 1996, 2001 and
2006

Differences among clusters can be observed in greater
detail considering the hierarchies in each of the clusters.

4 Hierarchical clustering with
relational constraint of US
Counties

For US counties age in population pyramids is divided into
18 five-years groups (0-4 years, 5-9 years, 10-14 years, ...,
75-79 years, 80-84 years, 85+). In our model, for each
US county each age group is considered as a separate vari-
able for each gender, so each county is presented with 36
variables: 18 variables for 5-years age groups for men,
and 18 variables for 5-years age groups for women. Val-
ues are normalized so that they present percentages of the
county’s population in each age group among the whole
county population. Euclidean distance between the corre-
sponding vectors is used. NA values in data for 6 counties
were replaced with 0.

For clustering procedure, the algorithm for hierarchical
clustering with relational constraints based on the maxi-
mum hierarchical method was used. It is implemented in
Pajek, the program for analysis and visualization of large
networks. The agglomeration of two counties was re-
stricted with the relational constraint based on neighboring
counties (Ferligoj, Batagelj, 1983). The maximal method
to calculate new dissimilarity between clusters was used.
The neighboring relation is symmetric. Therefore the tol-
erant strategy to determine the relation between the new
cluster and other clusters is used (Batagelj, Ferligoj, Mr-
var, 2008).

As in the case with the world’s countries, also here the
’centroid’ pyramids of the clusters of counties are not real
population pyramids describing the whole population in the
clusters, but are based on the new vector produced by the
clustering procedure. So they can be interpreted only in

terms of shapes, not as a population pyramids of counties’
clusters, because the population size of the whole cluster is
not taken into account.

The cut of the dendrogram was done at height 0.06,
which divided counties in 36 clusters with 155 isolates
(counties that are very different from all their neighbors).
Out of these 36 clusters were only 14 clusters with more
than 10 vertices, therefore we decided to increase the
height.

At height 0.1 we obtained 9 clusters and 54 isolated
counties. There are 6 clusters of more than 6 counties (pre-
cisely with 7, 15, 69, 402, 1152 and 1406 counties) and
3 of them with 2 counties. Clusters (groups of counties)
are presented in Figure 16 with different shapes and colors.
Group 1 is the largest group situated at eastern part of the
USA (light gray circles). Darker gray group with triangles
that borders group 1 is group 2, the second largest group of
counties. Dark gray circular vertices at the Florida penin-
sula belong to group 5. 7 dark gray vertices in the middle of
group 2 (in the center of the USA) represent group 7. The
large white squares in the north and middle of the USA
represent group 4, while area with lighter gray circles in-
side the bottom of group 2 belongs to group 3. Groups 6,
8 and 9 with 2 counties each are in Figure 16 represented
with dark gray diamonds (group 6 is in the north-west of
the USA, group 8 at the south east of group 3, and group 9
in the middle of the largest group 1).

Further inspection of the pyramids’ shapes of the clusters
of counties shows that all three 2-vertex clusters (groups
6, 8 and 9) have average population pyramid with mostly
young people in their 20s (Figure 17). We conjecture these
are counties with mainly student population (surroundings
of larger universities and colleges). More precisely: clus-
ter 6 includes counties with University of Idaho and Wash-
ington State University. In cluster 8 are Madison and
Walker County, Texas, with median ages 33 and 31 and
with male population for more than 50% larger than female
population. Cluster 9 includes Montgomery and Radford
Counties, Virginia, with West Virginia University Institute
of Technology, popularly called WVU Tech, and Radford
University, which have strong influence on the age distri-
bution.
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Figure 17: Pyramids’ shapes of three clusters with two
counties

Pyramids’ shapes of the two largest clusters show typical
all-American population pyramid (Figure 18) with rather
typical constrictive shape (Figure 1).

In two of other four clusters pyramids’ shapes older
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P
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Figure 16: Clustering of US counties in the year 2000 with relational constraints
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Figure 18: Pyramids’ shapes of two largest clusters

population is more pronounced (looking bottom-up the
pyramid bars start shrinking later than the overall Ameri-
can population pyramid). The groups are concentrated in
Florida (first in Figure 19) and in Missouri (the second one
in Figure 19).
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Figure 19: Pyramids’ shapes of clusters with older popula-
tion

First of the last two among nine clusters shows relatively
less people older than 30 than the overall American pop-
ulation, while the second one (North and middle of the
USA) indicate less people in the 20s (they might be away
for study).
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Figure 20: Pyramids’ shapes of the two remaining clusters

Because of the relational constraint (regional neighbor-
hood) we got 54 isolated counties at the cutting level 0.1. In
Figure 16 they are represented with black circles. They re-
main isolated because they have different pyramids’ shapes
than the neighboring counties.

Most of the isolates (29 of them) are due to the prox-
imity of a university. The shape of their population pyra-
mids looks very much like those in Figure 17. 8 other iso-
lates are more gender specific (have mostly more men than
women). There are 5 isolates in the state of New York that
have slightly different population distribution as the shape
of group around them. The other isolates are of two types:
they have either considerably less youngsters (or older peo-
ple) than the surrounding counties or their pyramids look
very random due to the small number of inhabitants.

5 Conclusion

Population pyramid is a very popular graphical presenta-
tion of the age-sex distribution of the human population of
a particular region. Its shape is influenced besides fertility
and mortality (usually presented with demographical indi-
cators as birth rates, death rates and growth rates) also by
many other social and political policies and events, such as
migrations, birth control policy, wars, life-style etc. Pop-
ulation pyramid offers insight into different phenomena in
many fields interested in population observations, such as
demography, geography, sociology, economy, politics etc.

The aim of the paper was to observe how population
pyramids of the world’s countries corresponds to the main
pyramids’ shapes, which are usually related to the "De-
mographic Transition Model". Although the observation
period of 10 years was short for the human life, substan-
tial changes can be seen. Roughly speaking we can con-
clude from our observations, that the pyramid’s shapes of
the main clusters correspond to the Stages 1 and Stage be-
tween 3 and 4 of the "Demographic Transition Model" in
the year 1996, and later are moved to the Stages 2 and even
closer to 4 in the 2001 and 2006. The divide between the
undeveloped and developed countries is increasing.

Most of the main four clusters are quite stable through
observed years. We are aware that for some observers dif-
ferences are more important than generalization and they
can be observed in detail with the separate inspection of
the smaller parts of the hierarchy that belong to each clus-
ter.

In the second part, we examine pyramids’ shapes of
clusters of US counties, because in smaller territorial units
the influence of local characteristics is even more empha-
sized, which reflects also on pyramids’ shapes. For clus-
tering 3111 mainland US counties, hierarchical agglom-
erative clustering procedure with neighborhood constraint
was used. The results confirm strong influences of local
characteristics (for example universities) on the pyramids’
shapes of smaller populations. The clustering procedure
exposed some groups of counties with pyramids’ shapes
which strongly differs from all-American constrictive pop-
ulation pyramid’s shape.
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