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Abstract. Computing percentages or proportions for removing the
influence of population density has recently gained popularity, as it
offers a deep insight into compositional variability. However, data are
constrained to a constant sum and therefore are not independent obser-
vations, a fundamental limitation for applying standard multivariate sta-
tistical tools. Compositional Data (CoDa) techniques address the issue
of standard statistical tools being insufficient for the analysis of closed
data (i.e., spurious correlations, predictions outside the range, and sub-
compositional incoherence) but they are not widely used in the field of
population geography. Hence, in this article, we present a case study
where we analyse at parish level the spatial distribution of Danes, West-
ern migrants and non-Western migrants in the Capital region of Den-
mark. By applying CoDa techniques, we have been able to identify the
spatial population segregation in the area and we have recognised pat-
terns in the distribution of various demographic groups that can be used
for interpreting housing prices variations. Our exercise is a basic exam-
ple of the potentials of CoDa techniques which generate more robust and
reliable results than standard statistical procedures in order to interpret
the relations among various demographic groups. It can be further gen-
eralised to other population datasets with more complex structures.

Keywords: Population geography - Migration - Compositional data -
Cluster analysis -+ House prices

1 Introduction

In population geography, it is often more interesting to analyse proportions, such
as the percentage of people in a region with an income below the poverty line
or the proportion of people fully vaccinated against COVID-19, than absolute
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population numbers. In this sense, the variable of interest is normalised so that it
does not depend on the total population of the region [9], thus allowing an intu-
itive analysis of spatial patterns (e.g., distribution of poverty or vaccinate rates
across regions). This normalisation explicitly describes the internal structure of
the explored system. However, the data are constrained to a constant sum (e.g.,
1 for proportions or 100 for percentages) and, therefore, they are dependent; if
the share of one subgroup increases, another one has to decrease to retain the
sum [24]. This violates a fundamental assumption of most standard statistical
analysis and alternative methods are thus required.

These data are known as compositional data (CoDa) and have been widely
used in many kinds of interdisciplinary analysis [2]. Aitchison first described
the theoretical background to handle such data based on log-ratio transforma-
tions [1]. However, this approach is still not widely used despite the associ-
ated issues that arise when analysing them with standard statistical procedures;
i.e., spurious correlations, predictions outside the range, or problems with sub-
compositional coherence [20]. In fact, CoDa methods have been mainly applied in
the geosciences but even in this field it is not a standard procedure [5]. Instances
of CoDa application range from soil and geochemical surveys [34], water and
groundwater studies [6], to the evaluation of the link between indoor radon and
topsoil geochemistry [14]. Outside of the geosciences, the technique is gaining
popularity across different studies in various fields including the evaluation of
urban water distribution [10], health studies [22], nutrition research [7], and
forecast of energy consumption structures [32].

Human geography is no exception regarding the limited use of CoDa tech-
niques. Often geographers apply standard statistical and geostatistical tools to
analyse compositional data (e.g. percentage of young, working age and elderly
population in a region; percentage of rented/owner households; unemployment
rates) even though these tools have been designed for unconstrained data and
are deemed insufficient or unsuitable for such analysis. Lloyd, among others
[19], warned about these problems and introduced tools for dealing with compo-
sitional data in population studies. Nonetheless, the research community has not
widely adopted these tools with the exception of some recent studies. Specifi-
cally, CoDa techniques have been utilised for evaluating socio-spatial segregation
[8], studying child mortality levels and trends [13], forecasting population age
structure [33], or visualising three part compositions in demographic analysis
[27]. To the best of our knowledge, there are no studies that use the full range of
CoDa techniques to analyse migration data and only Nowok [23] has proposed
the use of ternary diagrams for evaluating migration flows.

In this article, we therefore show the applicability of compositional data
techniques in population geography analysing the spatial population structure
of the capital region of Denmark as a case study. Our aim is to stress the need
of CoDa techniques in this type of studies to get robust and reliable results
about the compositional variability of the population. We used parish-level data
for the year 2020 from Statistics Denmark to analyse the spatial distribution of
the three main population categories as defined by the national statistics based
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on migration background: people of Danish origin, Western and non-Western
migrants. After performing a log-ratio transformation (i.e., balances), we carried
out a hierarchical cluster analysis for detecting areas where migrants settle down
preferentially in the Capital region of Denmark. Furthermore, we explored the
association between migration, considering also the area of origin, and housing
prices.

It is well known that house prices and migration are closely related with
profound implications on urban planning. There is a two-way causal relationship
between migration and house prices [18]. On the one hand, a rise in house prices
increases a household’s housing equity and, therefore, ability to migrate, since
homeowners have a higher financial flexibility for purchasing a new house. At
the same time, high house prices make the house unaffordable, thus limiting the
number of potential buyers. This way, price differences between regions where
migrants live and regions where they intend to move affect in- and out- migration
rates. Moreover, the expectation of future house prices also plays an important
role in the decision to move [25]. On the other hand, migration increases housing
demand and consequently prices [31]. An example of this effect has been found
in Sweden where “a 1% increase in the foreign-born population results in a
0.8% increase in house prices, which increases to 1.2% if internal migration is
also accounted for” [30]. However, data that contain relative information (e.g.,
percentage of young, working age and elderly population; share of the population
with a certain education level; or percentage of migrants) were used in the models
and thus the analysis would be benefited from applying CoDa techniques to avoid
possible issues with non-independent observations.

2 Theoretical Background

The main idea in Aitchison’s proposal for analysing compositional data was to
transform them in a way that allows their analysis with standard statistical tools,
designed for unconstrained data. He therefore introduced the concept of log-
ratio transformations: the additive log-ratio transformation (alr) and the centred
log-ratio transformation (clr). In 2003, Egozcue [11] proposed a new family of
transformations called isometric log-ratio transformations (ilr) to overcome some
of the limitations of the alr and clr transformations. However there is no single
best transformation and all of them have their strengths and limitations [22]. In
all types of transformations special attention should be put on the case of zeros,
since the logarithm of 0 is undefined [20,21].

The alr transformation for a compositional vector x = [z1, 2, ...,z p], with
positive components (x; > 0) summing to a constant (Zi’;l = k), is defined as
[20]:

alr(z) = log(;c—;, ;LZ x;’;) (1)

The alr transformation is useful for parametric modelling. However, it is not
invariant under permutation of the components and it is not isometric between
the simplex (the sample space of compositional data; z = [z1,...,zp] € SP)
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and the real space (RP~1) [2,5]. In order to address the limitations of the alr
transformation, the clr transformation was proposed:

cr(z) = log( e ‘D
g(zx

) (2)

where g(x) is the geometric mean of the part of the composition. The clr trans-
formation solves the problem of symmetry and, unlike the alr-transformed vari-
ables, ordinary distances can be computed [20]. The clr transformation is useful
for generating biplots [3,20], but it cannot be used for parametric modelling [5].
Considering this constraint, Egozcue et al. [11] finally proposed the ilr transfor-
mation:

y=ilr(z) = (Y1, Y2, -, ¥a—1) ER (3)
where: ]
3
1 Il =
Yi = In =1 fori=1,...D—1 (4)
i(i—1) (Tip1)"

The ilr transformation allows using all the standard multivariate procedures
[11] but the ilr coordinates may be difficult to interpret. The Sequential Binary
Partitions method was therefore developed [12]. The result is a particular case of
ilr coordinates (i.e., balances) that represent the relationship between two groups
of parts allowing the interpretation of their inner connections. The difficulty is
to select the correct partitions for obtaining meaningful interpretations and it
should be done based on expert knowledge and/or by compositional biplots [20].
The general formula for balances is:

R (Hﬂfj)%
i T+ (H,xk)%

fori=1,..,D—1 (5)

where H+ and H are the parts coded as + or — in the partitioning scheme

and r and s the number of components in the + and — partition.

3 Data and Methods

This section introduces the population data and the data on housing prices used
for the study. Moreover, it describes the application of CoDa techniques on the
data.

3.1 Population Data at Parish Level

Data at parish level have been obtained from Statistics Denmark [29]. The table
contains information about the population at the first day of the year and divides
it in five ancestry groups: persons of Danish origin, immigrants from Western
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countries, immigrants from non-Western countries, descendants from Western
countries, and descendants from non-Western countries. The concepts of ‘immi-
grants and descendants’ and ‘western and non-western countries’ do not occur
in other countries and are defined by Statistics Denmark (DST'). According to
DST, western countries are all 28 EU countries, Andorra, Iceland, Liechtenstein,
Monaco, Norway, San Marino, Switzerland, Vatican State, Canada, USA, Aus-
tralia, and New Zealand, while all other countries are non-western countries.

We selected only the data referring on the capital region of Denmark in 2020.
We also assumed that immigrants and their descendants behave similarly and
thus we merged them to simplify the interpretability of our case study. Finally,
we closed the dataset to represent percentages over the total population in each
parish. Table1 and Fig.1 show the summary statistics of the percentages and
the spatial distribution respectively.

Table 1. Summary statistics of population data (in percentage) by parish (N = 127).

Value |Danes Non-western | Western
Mean |77.8 14.5 7.7
Median | 79.6 11.5 7.1

IQR 72.9-84.3 | 7.7-17.7 4.9-9.7
Range |21.2-94.6 | 2.7-69.9 2.7-19.9

Danes Non Western Western

J J
Percentage 0 “

25 50 75 100

Fig. 1. Population distribution [%)] in the capital region of Denmark.

3.2 House Prices

We obtained the individual house prices from the Building and Dwelling Register
(BBR - https://teknik.bbr.dk/forside). We used all residences for year-round liv-
ing (i.e., excluding summer houses and similar seasonal housing) and we selected
from the main residential buildings only those that are on the ordinary free trade
(sales between parties who are not members of the same family and sales that
are not considered as a partial gift) or public sales, assuming that they also
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represent a market value. Furthermore, we filtered out dwellings that are not
used for residential purposes, are smaller than 10m?, or have no value. Colleges
and residential buildings for institutions (i.e., different kinds of dormitories) were
excluded from the data analysis since they are mainly outside of the free market.
We calculated the mean and the median prices in 1.000 Danish kroner per square
meter (kDKK - m~2) along with the number of dwellings per parish (Table?2
and Fig. 2).

Percentiles
[kDKK/m2]

B 566402
B o5

Bl vss0
B ¢
B csan
B (3638
L (3336
(29,33]
(25,29]
[0.42,25]

Fig. 2. Spatial distribution of parish-level median house price in 2020.

Table 2. Summary statistics at parish level (N = 125)

Value |N. House | House prices (kDKK -m™2).

Mean Median
Mean |150.1 82.8 46.2
Median | 127.0 42.3 38.0

IQR 85.0-182.0 | 33.2- 61.2 | 31.1-474
Range |7.0-637.0 |22.1-1,132.9 | 0.4-602.6

3.3 Compositional Data

The Sequential Binary Partition for our balance calculation has been carried out
based on the compositional biplot as presented in Fig.3(A). The first compo-
nent differentiates mainly non-Western migrants from other inhabitants, and
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Fig. 3. A) Compositional Biplot, and B) balance-dendrogram of the selected partition.

Table 3. Partition scheme.

Danes | Western | Non-Western | Balance | R | S
1 1 -1 by 21
1 -1 0 b 11

it accounts for about 73% of the variance. The second component explains
the remaining 27% and mainly separates the native population from Western
migrants (Fig. 3A).

Table 3 and Fig. 3B display the selected partition for the balances.

The equations for estimating the two balances are:

2 (Danes - Western)®-5
b= \/gln ( NonWestern (©)

1 Danes
by = \/;ln (Western) (7)

where Danes, Western, and Non-Western are the percentages of each population
group in the parish.

Using these balances, we performed a hierarchical cluster analysis to inves-
tigate whether there are parishes with similar population distributions and
whether they are spatially aggregated or not. We used an agglomerative cluster-
ing with the Ward’s method, which minimises the total within-cluster variance.
The analysis was carried out with the function hclust (see complementary mate-
rial) of the R-software [26]. Finally, we evaluated the spatial autocorrelation of
the balances.
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4 Results

This section summarises the obtained findings in our case study area. Our aim is
to demonstrate the applicability of CoDa techniques not only in migration stud-
ies but generally in population geography showing how log-ratio transformations
can be used in spatial data analysis (e.g., cluster analysis). For this purpose, we
analyse the structure of the population divided in three groups following initially
a ternary-balance scheme technique and then examining the similarities among
nearby observations and clusters.

4.1 Ternary Diagram of Population Structure

Population structure varies significantly across the capital region of Denmark.
The use of colour composition with the rainbow-like surfaces consists an effi-
cient way to visualise the proportions among the three investigated groups and
immediately indicates the composition of the population. Figure 4 illustrates the
population structure in the ternary plot centred over the compositional mean
(80.1%, 7.4%, 12.5% of Danes, Western, and non-Western population respec-
tively). Specifically, the shades of brown indicate parishes with higher propor-
tions of Danes than the compositional mean while the shades of green and pink
indicate higher proportions of Western and non-Western migrants correspond-
ingly. As the map shows, Western populations prevail in parishes in the city
centre while non-Western citizens tend to settle down in the western periph-
eral parishes with percentages up to 41.6%, 49.61%, and 69.85% for Husumvold,
Haralds and Tingbjerg parishes respectively.

4.2 Balances

The compositional biplot (Fig.3A) shows similar patterns as observed in the
ternary diagram. Non-western migrants dominate component 1, with an opposite
direction than Danes and Western migrants. Therefore, we selected a partitioning
scheme (Table3 and Fig.3) that separates mainly non-Western migrants from
Danes and Western migrants (bl), and then Western migrants and Danes (b2).
High values of bl indicate a smaller proportion of non-Western population and
high values of b2 a smaller proportion of Western citizens (Fig. 5).

The balances show positive spatial autocorrelation (Table4), suggesting some
degree of spatial structure in the population by its origin. The local indicators
of spatial association (LISA - [4] for both balances (Fig.6) confirm that non-
Western migrants tend to live in the peripheral western parishes (blue colours
in bl) while Western migrants tend to settle down around the city centre (blue
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Fig. 4. Ternary diagram of the population distribution in 2020 (Danes - people of

Farats

\

C
)

Danish origin, Wst - Western population, Non-wst - Non-Western population).

Table 4. Moran’s I for each balance.

Balance | Index | Expectation | Variance | Statistic | p-value
by 0.470 | —0.008 0.003 8.563 5.503 x 10718
bo 0.542 | -0.008 0.003 9.837 3.915x 10723

Method: Moran I test under randomisation. Alternative: greater

colours in b2). Furthermore, the presence of non-Western migrants is reduced in
the Eastern coast of the capital region (red colours in bl). On the other hand,
Danes avoid the city centre and the parishes to the south, north and west tend

to have high percentage of national residents (red colours in b2).
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Fig. 5. Balances vs. population distribution percentages.

4.3 Hierarchical Cluster

We identify two main clusters in the data with different proportions of Western
migrants and then each one of them is further divided based on the proportion
of non-Western migrants. The cluster dendrogram of Fig. 7 shows the first level
of division by low and high proportions of Western migrants in the blue boxes
(upper) and the second level of division based on the proportions (low/high) of
non-Western migrants in the orange boxes (lower). We summarise the composi-
tional means of these four clusters in Table 5 where CL1 and CL2 concentrate a
high percentage of Western migrants with a respectively low and high percent-
age of non-Western migrants. Correspondingly, CL3 and CL4 have low concen-
tration of Western migrants with a respectively low and high concentration of
non-Western migrants.
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Fig. 6. LISA plots of the two balances (bl and b2). (Color figure online)
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Fig. 7. Cluster dendrogram with the two balances.

Figure 8 spatially maps the distribution of these clusters by parish. Cluster
CL1-2 (blue colours) has a median percentage Western migrants of around 10%,
while their proportion in CL3-4 (orange colours in Fig. 8) is approximately 5%.
This supports the findings of the previous subsections about the tendency of
the Western migrants to live in the central parishes. These two main clusters
are further divided into four clusters (CL1-2 into CL1 and CL2; and CL3-4 into
CL3 and CL4) based on the proportions of the non-Western population. In this
regard, CL2 has a higher proportion of non-Western population than CL1 (i.e.
24.1% and 7.8%, respectively), while CL4 has a higher proportion of non-Western
than CL3 (i.e. 20.5% and 8.9%, respectively). Again, we observe the preference
of non-Western population for the peripheral western parishes (CL2 - light blue;
and CL4 - light orange; Fig. 8). Finally, CL3 shows the parishes with the highest
proportion of national citizens with values around 85.9%.



Migration Studies with a CoDa Approach 587

Table 5. Compositional mean of the four clusters.

Cluster | N Parishes | Danes | Western | Non-western
1 32 81.0 |11.2 7.8
2 31 66.6 9.3 24.1
3 48 85.9 5.2 8.9
4 16 74.8 4.7 20.5

Fig. 8. Spatial distribution of the four clusters.

4.4 House Prices

Analysing the housing prices in the four clusters, there are some clear differences
in the mean and median values (Table6). In general, CL1 and CL2 have higher
values (i.e. mean around 57.0 and 41.7 kDKK/m?; and median of 50.7 and 38.6
kDKK /m?, respectively) than CL3 and CL4 (i.e. means of 38 and 27 kDKK/m?,
and medians of 35.6 and 27.0 kDKK/m?, respectively).

A ternary diagram with the median housing prices and the population distri-
bution in Fig. 9 also shows the differences in the median house prices by parish
and their association with the clusters. The parishes of CL1, where the pro-
portion of Western migrants is the highest and the proportion of non-Western
migrants is relatively low, have the highest median housing prices. Furthermore,
house prices decrease with the proportion of non-western migrants, being CL2
the cluster where we observe it clearer. In this sense, in CL2 the proportion of
non-Western migrants change remarkably from around 10% to up to approxi-
mately 45% (there are two parishes with even more proportion of non-Western
migrants; i.e. Haralds and Tingbjerg with 49.61%, and 69.85% respectively, but



588 J. Elio et al.

Table 6. House price statistics in each cluster.

Cluster | CL1 CL2 CL3 CL4
(N=32) |(N=29) (N=48) (N =16)
Mean values (kDKK - m™2)
Mean |119.8 82.9 65.7 59.9
Median | 57.0 41.7 38.2 27.2

IQR 50.7-98.7 37.3-60.8 |31.4-49.8 |24.8-33.5
Range |39.4-1,132.9|22.1-554.6 | 22.2-554.7 | 22.5-333.6
Median values (kDK K - m™2)
Mean |67.6 37.3 35.8 50.9
Median | 50.7 38.6 35.6 27.0

IQR 46.9-54.5 34.2-42.0 |30.1-40.2 |24.7-32.0
Range |37.1-602.6 |0.4-70.8 20.5-55.6 |5.1-367.3

there were no data of housing sales on the ordinary free trade or public sales in
these parishes in 2020), and the median house price decrease from values around
45 kDKK/m? to 25 kDKK/m?, respectively.

Cluster

e 1

A 2
=3
* 4

Percentiles
[kDkk/m2]

® (556e+02]
® (5055]
® (4650]
® (41486]
(38,41]
(36,38]
® (3336]
(29,33]
(25,29]
® [0.4225]

pop_frgn_nwst

Fig. 9. Population distribution (in percentage) and housing prices (median values in
EDKK -m™?).

5 Discussion

The hierarchical clusters analysis over the log-ratio transformed data has allowed
us to detect four main spatial clusters which clearly characterise parishes accord-
ing to their population structure (i.e., people of Danish origin, Western migrants,
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and non-Western migrants). As expected, Danes are the main population in
the region. They tend to avoid the city centre and are more attracted by
the parishes of southern Amager and the north-west capital region. Western
migrants, on the other hand, prefer the central areas while the proportion of
non-Western migrants increases in the western peripheral parishes. Addition-
ally, the ternary diagram (Fig.4) has also allowed us to graphically identify
parishes with a very high percentage of non-Western migrants; i.e., Husumvold,
Haralds and Tingbjerg parishes with values up to 41.6%, 49.61%, and 69.85%;
respectively, and manly due to a diminution of Danes (51.20%, 45.47%, 21.24%;
respectively) rather than Western migrants (7.20%, 4.91%, 8.90%; respectively).
These parishes are examples of what the Danish authorities call ‘parallel soci-
eties’ or ‘ghettos’, which trigger political actions [17,28]. Our observations also
are in agreement with previous studies [15] and confirm a degree of socio-spatial
segregation in the capital region of Denmark.

It is important to note that different phenomena can lead to the same propor-
tions in the data. Compositions only give information about the relative magni-
tude of its components but not the absolute values [2] and additional information
would be needed in order to make inferences with the absolute values. In our
study, for example, we have seen the spatial segregation of the population by its
origin but we cannot interpret its causes; e.g., if it is an effect of socio-economic
segregation or diaspora, where immigrants tend to settle down in areas with
existing migrant networks and an ethnicity background similar to their country
of origin. This is actually a limitation of any observational study, which helps to
make hypothesis about the phenomena we are investigating but further studies
would be needed to verify them. CoDa techniques are however more robust than
ordinary statistics methods because they alleviate issues with spurious correla-
tions and they avoid problems with sub-compositions since the results obtained
by using the whole dataset do not contradict results obtained by only a subset
[2].

Regarding house prices and migration, we interpret that the differences in
the median house prices we observed in each cluster are probably influenced or
related more by their location than the population structure. On the one hand,
CL1 and CL2 parishes are central parishes close to the city centre where we can
expect more amenities and, therefore, people may be willing to pay more for their
house in these areas than for further away ones. On the other hand, the central
area of the capital region is more densely populated than the periphery [15] so
we can expect a higher demand for houses in these parishes which may lead to
an increase in the housing prices. However, if we compare the values within the
two main clusters (i.e., CL1 vs. CL2 and CL3 vs. CL4), the prices are lower
in the parishes where the proportion of non-Western population is relatively
high (around 20%, Table5). It seems therefore that the relative numbers of
non-Western and Western migrants are also associated with the median housing
prices (Table 6) and thus population structure should also be taken into account
when we evaluate house prices.
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While our analysis is limited to a small number of socio-economic variables,
our results point to two different kinds of segregation that can be observed in
the Danish capital region. The clustering of native Danes and Western immi-
grants on the one hand and high concentrations of non-Western immigrants in
a relatively small number of parishes on the other hand indicates racial segrega-
tion. Taking into account house prices, we further see that Western migrants are
concentrated in the central parishes, which are characterised by higher prices,
whereas the parishes with high numbers of non-Western show lower house prices.
This correlation therefore also indicates socio-economic segregation.

6 Conclusions

CoDa techniques are more robust and appropriate than standard statistical
and geostatistical methods when we are analysing closed data (e.g. percent-
ages) because they avoid spurious correlations, predictions outside the range,
and have no problems with sub-compositional coherence. However, they still are
not widely used in population geography. In the present study, we demonstrate a
showcase applying CoDa techniques in order to promote their use and adoption
in a wider range of applications in population studies and spatial analysis. We
specifically carried out a case study from the capital region of Copenhagen and
evaluated the obtained results and the ways of interpreting them along with the
applicability of the methodology in this field. In this regard, we studied the pop-
ulation distribution divided into people of Danish origin, Western immigrants,
and non-Western immigrants and its possible relationship with house prices.

Our analysis facilitates the analysis and the interpretation of the socio-spatial
segregation in the capital region of Denmark. We detected four main cluster
regions with clear differences in the composition of population in terms of migra-
tion backgrounds. Furthermore, we performed an analysis to relate these vari-
ation in migration patterns to the median house prices at parish level. CoDa
techniques show great potential in recognising such trends and patterns but
we only shortly discussed the associations between migration and house prices.
Differently put, despite a broad range of factors (e.g. property size, condition,
proximity to transportation) influences house prices, they all are considered out
of the scope of this study apart from the migration component. Our results,
therefore, need to be taken with caution and further investigation is required
to evaluate the causal relationship between migration and house prices in the
capital region of Denmark.

We showed how balances can be used for alleviating the issue of data interpre-
tation with CoDa methods. There is still some complexity in the interpretation
of models based on balances and some researchers [16] have proposed the use
of amalgamated logratios (i.e., sum of compositional parts) which produce more
comprehensible results with minimal cost. We aim on further investigating their
use in population geography in the future. Overall, our exercise is a good exam-
ple of how CoDa methods could be used for exploratory spatial data analysis of
various demographic groups. Although it may be a basic case study with only
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three components, it can be generalised to other population datasets with numer-
ous possible applications and advantages ranging from getting a general insight
into the compositional variability of population structures to the identification
of clusters and the interpretation of complex socio-economic phenomena.
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