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Abstract:  
 
Data normalization for removing the influence of population density in Population Geography is a 
common procedure that may come with an unperceived risk. In this regard, data are constrained to a 
constant sum and they are therefore not independent observations, a fundamental requirement for 
applying standard multivariate statistical tools. Compositional Data (CoDa) techniques were developed to 
solve the issues that the standard statistical tools have with close data (i.e., spurious correlations, 
predictions outside the range, and sub-compositional incoherence) but they are still not commonly used 
in the field. Hence, we present in this article a case study where we analyse at parish level the spatial 
distribution of Danes, Western migrants and non-Western migrants in the Capital region of Denmark. By 
applying CoDa techniques, we have been able to identify the spatial population segregation in the area 
and we have recognized some patterns that can be used for interpreting housing prices variations. Our 
exercise is a basic example of the potential of CoDa techniques, which generate more robust and reliable 
results than standard statistical procedures, but it can be generalized to other population datasets with 
more complex structures.  
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1. Introduction 
 
In population geography, it is often more interesting to analyse proportions than absolute population 
numbers, 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. The variable of interest is normalized so that it 
does not depend on the total population of the region (Dailey, 2006), thus allowing for an intuitive 
comparison of e.g. poverty or vaccinate rates across regions. This normalization, however, comes with an 
unperceived risk. The data are constrained to a constant sum (e.g., 1 for proportions or 100 for 
percentages) and, therefore, they are not independent: if the share of one subgroup increases, another 
one has to decrease to retain the sum (Pawlowsky-Glahn and Egozcue, 2006). Hence, standard statistical 
procedures may lead to spurious correlations, predictions outside the range, or have problems with sub-
compositional coherence (Pawlowsky-Glahn, Egozcue and Tolosana-Delgado, 2011; Lloyd, Pawlowsky-
Glahn and Egozcue, 2012).    
 
These data are known as Compositional data (CoDa), which “consist of vectors whose components are the 
proportion or percentages of some whole” (Aitchison, 2002) – a very common kind of data that can be 
found in my kinds of analysis across a wide range of disciplines (Aitchison, 2002). Aitchison first described 
the theoretical background to handle such data based on log-ratio transformations (Aitchison, 1981, 
1982); however, this approach is still not widely used despite all the associated issues that can arise when 
dealing with them. In fact, the compositional data methods have been mainly applied in the geosciences 
but even in this field it is not a standard procedure (Buccianti and Grunsky, 2014). For example, CoDa has 
been applied in soil and geochemical surveys (Zhang et al., 2013; Grunsky, Mueller and Corrigan, 2014; 
Tepanosyan et al., 2020; Zheng et al., 2021), in water and groundwater studies (Buccianti, 2018), or for 
evaluating the link between indoor radon and topsoil geochemistry (Ferreira et al., 2018). Outside of the 
geosciences, the technique is starting to be used across different studies in various fields, including the 
evaluation  of urban water distribution (Ebrahimi et al., 2021), health studies (McKinley et al., 2020; 
Dumuid et al., 2021; Verswijveren et al., 2021), nutrition research (Corrêa Leite, 2019), and to forecast 
energy consumption structures (Wei et al., 2021). 
 
Geography is no exception regarding the lack of use of CoDa techniques and it is common that 
geographers apply standard statistical and geostatistical tools that have been designed for unconstrained 
data to analyse compositional data (e.g. percentage of young, working age and elderly population in a 
region; percentage of rented/owner households; unemployment rates). Lloyd, among others (Lloyd, 2010; 
Lloyd, Pawlowsky-Glahn and Egozcue, 2012), already warned about these problems and showed the tools 
for dealing with compositional data in population studies. Nonetheless, it seems the research community 
has not adopted these tools and only recently, they are starting to utilize CoDa techniques. For example, 
for evaluating social-spatial segregation (Cruz-Sandoval, Roca and Ortego, 2020), studying child mortality 
levels and trends (Ezbakhe and Pérez Foguet, 2020), forecasting population age structure (Wei et al., 
2019), or visualizing three part compositions in demographic analysis (Schöley, 2021). For migration 
studies, 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, 2020) proposed the use of ternary diagrams for evaluating 
migration flows.  
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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. 
We have used parish-level data for the year 2020 from Statistics Denmark to analyse the spatial 
distribution of the three main migrant categories defined by the national statistics: people of Danish 
origin, Western migrants and non-Western migrants. After performing a log-ratio transformation (i.e., 
balances), we carried out a hieratical cluster analysis for detecting areas where migrants settle down 
preferentially in the Capital region of Denmark. Furthermore, we explore the applicability of balances for 
evaluating the association between migration (and type of migrants) and housing prices through a linear 
model between median house prices and population structure.  
 
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 (e.g. (Jeanty, 
Partridge and Irwin, 2010; Lin et al., 2018)). On the one hand, a rise in house prices will increase 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 can make the house 
unaffordable, thus limiting the number of potential buyers. This way, price differences between the region 
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 (Peng and Tsai, 
2019). On the other hand, migration increases the housing demand and, as a consequence, the prices 
(Wang, Hui and Sun, 2017). 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” (Tyrcha and Abreu, 2019). However, they used in their models 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) and thus their studies would benefit 
from applying CoDa techniques.  
 
2. Theoretical background 
 
The main idea Aitchison proposed for analysis CoDa data was to transform the data in a way that allows 
them to be analysed with standard statistical tools, designed for unconstrained data. He therefore 
introduced the concept of log-ratio transformations: additive log-ratio transformation (alr) and centered 
log-ratio transformation (clr). In 2003, (Egozcue et al., 2003) 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 (McKinley et al., 2020). Furthermore, special attention should be taken in case of zeros, since 
the logarithm of 0 is undefined (Martín-Fernández, Barceló-Vidal and Pawlowsky-Glahn, 2003; Lloyd, 
Pawlowsky-Glahn and Egozcue, 2012).  
 
The alr transformation is defined as:  
 

alr(x) = log (
x1
xD

,
x2
xD

, … ,
xD−1

xD
) 
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where x = [x1, x2, …, xD] is the vector of composition components that sum to a constant (Lloyd, Pawlowsky-
Glahn and Egozcue, 2012). 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; x = [x1 . . . xD ] ∈ SD) and the real space (RD-1) (Aitchison, 2002; Buccianti and 
Grunsky, 2014). Therefore, the clr transformation was proposed:  
 

clr(x) = log (
x1

g(x)
,

x2
g(x)

, … ,
xD

g(x)
) 

 
where g(x) is the geometric mean of the part of the composition. The clr transformation solves the 
problem of symmetry and, unlike alr-transformed variables, ordinary distances can be computed (Lloyd, 
Pawlowsky-Glahn and Egozcue, 2012). The clr transformation is useful for generating biplots (Aitchison 
and Greenacre, 2002; Lloyd, Pawlowsky-Glahn and Egozcue, 2012), but it cannot be used for parametric 
modelling (Buccianti and Grunsky, 2014). Furthermore, both alr and clr transformations may be difficult 
to interpret. Therefore, (Egozcue et al., 2003) proposed the ilr transformation:  
 

y = ilr(x) = (y1, y2, … , yD−1)  ∈  ℝD−1 
 
Where 

yi =  
1

�i (i + 1)
ln�

∏ xji
j=1

(xi + 1)i� for i = 1, … , D − 1 

 
The ilr transformation allows using all the standard multivariate procedures (Egozcue et al., 2003). 
However, ilr coordinates may also be difficult to interpret and the Sequential Binary Partitions method 
was therefore developed (Egozcue and Pawlowsky-Glahn, 2005; Pawlowsky-Glahn and Egozcue, 2011). 
The result is a particular case of ilr coordinates (i.e., balances) that represent the relationship between 
two groups of parts (allowing interpretation within and between groups of parts). The difficulty is to select 
the correct partitions for obtaining meaningful interpretations and it should be done base on expert 
knowledge and/or by compositional biplots (Lloyd, Pawlowsky-Glahn and Egozcue, 2012).  The general 
formula for balances is: 
 

bi =  �
rs

r + s
ln�

�∏ xj+ �
1
r

(∏ xk− )
1
s
� for i = 1, … , D − 1 

 
Where ∏+ and ∏- are the parts coded as + or – in the partitioning scheme and r and s the number of 
components in the + and – partition. In our case, for example, with three components (x1, x2, x3) a partition 
could be the one shown in Table 1.  
  

Table 1: Example of a partitioning scheme for a three-part component  
x1 x2 x3 Balance (b) r s 
1 1 -1 1 2 1 
1 -1 0 2 1 1 
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The two balances wound therefore be:  
 

b1 =  �2
3

ln�(x1x2)
1
2

x3
� ;  b2 =  �1

2
ln �x1

x2
� 

 
3. Data and methods 
 
This section introduces the population data as well as 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 (Statistics Denmark, 2021). The table 
contains the population at the first day of the year and distinguishes between five ancestry groups: 
persons of Danish origin, immigrants from Western countries, immigrants from non-Western countries, 
descendants from Western countries, and descendants from non-Western countries. We selected only 
the data from 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. The 
summary statistics of the percentages are shown in Table 2 and the spatial distribution in Figure 1.  
 

Table 2: Summary statistics of population data (in percentage) by parish (N = 127) 
 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 
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Figure 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 living (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 represent a market value. 
Furthermore, we filtered out those dwellings that are not actually used for residential purpose. Dwellings 
smaller than 10 m2 were also removed from the analysis. 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 marked. We also removed properties with no value and calculated a price in 1000 

https://teknik.bbr.dk/forside
https://teknik.bbr.dk/forside


7 

 

Danish Crowns per square meter (kDKK m-2). Finally, we calculated the number of dwellings per parish, as 
well as the mean and median prices per square meter (Table 3 and Figure 2). 
 

Table 3: Summary statistics at parish level (N = 125)  

Value N. houses 
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 - 47.4 

Range 7.0 - 637.0 22.1 - 1,132.9 0.4 - 602.6 
 

 
Figure 2: Spatial distribution of parish-level median housing price in 2020 

 
3.3. Compositional data  

 
The partition for the balance calculation has been carried out based on the compositional biplot (Figure 
3A). The first component differentiates mainly non-Western migrants from other inhabitants, and it 
accounts for about 73% of the variance (Table 4). The second component explains the remaining 27% and 
mainly separate Danes population from Western migrants (Table 4).   
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Figure 3: A) Compositional Biplot, and B) balance-dendrogram of the selected partition 

 
Table 4: Importance of components 

 Comp.1 Comp.2 
Standard deviation 0.574 0.353 
Proportion of Variance 0.726 0.274 
Cumulative Proportion 0.726 1.000 

 
 
We therefore selected the following partition for the balances (Table 5 and Figure 3B), and the equations 
for estimating the two balances are:  
 

Table 5: Partition scheme 
Danes Western Non-Western Balance r s 

1  1 -1 b1 2 1 
1 -1  0 b2 1 1 

 
 

b1 =  �
2
3

ln�
(Danes ∙ Western)0.5

NonWester
� 

 

b2 =  �
1
2

 ln �
Danes

Western
� 

 
Where Danes, Western, and Non-Western are the percentages of each population group in the parish. 
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Using these balances, we performed a hierarchical cluster analysis to investigate whether there are 
parishes with similar population distributions and whether they are spatially aggregated or not. We used 
an agglomerative clustering with the Ward’s method, which minimizes the total within-cluster variance. 
The analysis was carried out with the function hclust (see complementary material) of the R-software (R 
Core Team, 2021). We also evaluated the spatial autocorrelation of balances, and we carried out a basic 
linear model to evaluate the association between migration and housing prices. We used the median 
housing price as dependent variable and the two balances as the independent variables.   
 

ln(HPi) =  β0 +  β1 ∙ b1i +  β2 ∙ b2i +  εi  
 
Where HPi is the median housing price in the parish i; b1i and b2i are the balances for each parish, β =
(β0, β1,β2) the regression coefficients to be estimated based on the data, and εi is the error term. 
Contrary to standard regression models, we cannot interpret the coefficients (β) as the increase/decrease 
of Y due to an increase/decrease of X; instead we need to think in the relative behaviour of the 
components (Chastin et al., 2015). Furthermore, only the coefficient of the balance that explain the ratio 
between one component and the others is interpretable (Chastin et al., 2015). In our case (model 1), it is 
the coefficient for the balance that explains the behaviour of non-Western migrants in relation to Danes 
and Western migrants (i.e., b1). For interpreting the relative influence of other components, subsequent 
equivalent models with other components playing the role of the pivotal first component would be 
needed (Chastin et al., 2015; Dumuid et al., 2018, 2021). We therefore create two more models; i) model 
2 for evaluating the relative influence of Western population in relation to Danes and non-Western 
migrants, and ii) model 3 for the influence of Danes vs. non-Western and Western migrant population.  
 
4. Results 
 
This section summarizes the main findings we have obtained in our case study. Our aim was to 
demonstrate the applicability of CoDa techniques in population geography, not only in migration studies, 
showing how log-ratio transformations should be used in common (spatial) data analysis techniques (e.g., 
cluster analysis and regression analysis).     
 

4.1. Ternary diagram of population structure 
 
Population structure varies significantly across the capital region of Denmark, as we can observe in the 
ternary plot centred over the compositional mean (80.1%, 7.4%, 12.5% of Danes, Western, and non-
Western population, respectively; Figure 4). Brown colours indicate the parishes with a higher proportion 
of Danes than the compositional mean, while green colours indicate a higher proportion of Western 
population and pink colours a higher proportion of non-Western population. As the map shows, Western 
populations prevail in parishes close to the city centre while non-Western citizens tend to settle down in 
the Western peripheral parishes with percentages up to 41.6%, 49.61%, and 69.85% for Husumvold, 
Haralds and Tingbjerg parishes, respectively (all of them clustered in the central part of the figure – pink 
colours). 
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Figure 4: Ternary diagram of the population distribution in 2020 (Danes – people of Danish origin, Wst – 
Western population, Non-wst – Non-Western population).  
 

4.2. Balances  
 
The compositional biplot (Figure 3A) shows the same pattern 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 (Table 5 and Figure 3) that separates mainly non-Western 
migrants from Danes and Westers migrants (b1), and then Western migrants and Danes (b2). High values 
of b1 indicate a smaller proportion of non-Western population and high values of b2 a smaller proportion 
of Western citizens (Figure 5).   
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Figure 5: Balances vs. population distribution percentages 

 
The balances show a positive spatial autocorrelation (Table 6), suggesting some degree of spatial structure 
in the population by its origin. The local indicators of spatial association (LISA - (Anselin, 2010) for both 
balances (Figure 6) confirm that non-Western migrants tend to live in the peripheral Western parishes 
(blue colours in b1) while Western migrants tend to settle down around the city centre (blue colours in 
b2). Furthermore, non-Western migrants try to avoid the Eastern coast of the capital region (red colours 
in b1). Danes, on the other hand, try to 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).   
 

Table 6: Moran’s I for each balance  
Balance Index Expectation Variance Statistic P value 

b1 0.470 -0.008 0.003 8.563 5.503x10-18 
b2 0.542 -0.008 0.003 9.837 3.915x10-23 

Method: Moran I test under randomisation. Alternative: greater 
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Figure 6: LISA plots of the two balances (b1 and b2) 

 
4.3. Hierarchical clustering 

 
We can identify two main clusters in the data (Figure 7, blue lines), with a different proportion of Western 
migrants. Cluster CL1-2 (blueish colours in Figure 8) has a median percentage of around 10% (Table 7), 
while the proportion of Western migrants in CL3-4 (orangish colours in Figure 8) is approximately 5% 
(Table 7). This supports the findings we saw before, where the Western migrant population tends to live 
in central parishes. Then, these two main clusters are further divided into four clusters (Figure 7, orange 
lines). The difference is mainly due to an increase of non-Wester population. In this regard, CL2 has a 
higher proportion of non-Western population than CL1 (i.e. 24.1% and 7.8%, respectively; Table 7), while 
CL4 has a higher concentration than CL3 (i.e. 20.5% and 8.9%, respectively; Table 7). Again, we observe a 
preference of peripheral Western parishes for non-Western population (CL2 - light blue; and CL4 – light 
orange; Figure 8). Finally, CL3 shows the parishes with the highest proportion of national citizens, with 
values around 85.9% (Table 7).  
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Figure 7: Cluster dendrogram with the two balances 

 

 
Figure 8: Spatial distribution of the four clusters 
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Table 7: 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 

 
 

4.4. Linear model  
 
The pivotal first component of the models are shown in Table 8. The coefficient (β) for the balance that 
pivot around non-Western vs. Danes/Western population (i.e., b1) is highly significant and positive (Model 
1; β = 0.359; p-value < 0.001) indicating that the median housing price increases with a decrease of non-
Western migrants (and an increase in Danes and Western population). We also see that a decrease on 
Western population (increase of Danes and non-Western) is associated with a decrease of median prices 
(Model 2; β = -0.430; p-value = 0.002). Finally, we do not observe an association between house prices 
and the relative variation of Danes in relation to foreign population (Model 3; β = 0.072; p-value = 0.622).  
 

 Table 8: Regression coefficient (β) of pivot coordinates 

model Estimate 
CI 

(lower) 
CI 

(upper) 
Std. 

Error 
t value Pr(>|t|)  

Model 1 (dan & wst vs. nwst) 0.359 0.166 0.551 0.097 3.683 <0.001 *** 
Model 2 (dan & nwst vs. wst) -0.430 -0.699 -0.162 0.136 -3.170 0.002 ** 
Model 3 (nwst & wst vs. dan) 0.072 -0.217 0.360 0.146 0.494 0.622  
Note: dan = Danes; nwst = non-Western population; wst = Western population: CI = 95% confidence 
interval 

 
5. Discussion 
 
The hieratical clusters analysis over the log-ratio transformed data has allowed us to detect four main 
spatial clusters, which clearly discriminate parishes according to their population structure (i.e., people of 
Danish origin, Western migrants, and non-Western migrants). As expected, Danes are the main population 
in the region. However, they tend to avoid the city centre and the parishes to the south, north and west 
of the city centre tend to have high percentage of national residents. Western migrants, on the other 
hand, prefer the central areas while the composition of non-Western migrants increase in the Western 
peripheral parishes. Additionally, the ternary diagram (Figure 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 as a cost 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 societies or “ghettos”, which trigger 
political actions (Gulis, Safi and Linde, 2020; Seemann, 2020). Our observations also are in agreement with 
previous studies (Georgati and Keßler, 2021) and confirm the spatial population segregation in the Capital 
region of Denmark.  
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It is important to note that different phenomena can lead to the same proportions in the data. 
Compositions only give information about the relative magnitude of its components but not the absolute 
values (Aitchison, 2002), 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 due to a socio-economic (status) segregation or 
that immigrants tend to settle down in areas with 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 
correlations and they avoid problems with subcompositions, since results obtained using the whole 
dataset do not contradict results obtained with only a subset (Aitchison, 2002).  
 
Analysing the housing prices in the four clusters, there are some clear differences in the mean and median 
values (Table 9). In general, CL1 and CL2 have higher values (i.e. mean around 57.0 and 41.7 kDKK m-2; 
and median of 50.7 and 38.6 kDKK m-2, respectively) than CL3 and CL4 (i.e. means of 38 and 27 kDKK m-2, 
and medians of 35.6 and 27.0 kDKK m-2, respectively). We interpret that this difference is probably more 
related to location than 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 (Georgati and Keßler, 2021) 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%, Table 7).  
 

Table 9: House price statistics (kDKK∙m-2) in each cluster 
Cluster 1 (N = 32) 2 (N = 29) 3 (N = 48) 4 (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 (kDKK∙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 

 
The ternary diagram with the median housing prices and the population distribution (Figure 9) also shows 
the differences in the median prices by parishes and their association with the clusters. The parishes of 
CL1, where the proportion of Western migrants is the highest and the proportion of non-Western 
migrants is relatively low, has the highest medina housing prices. In CL2, the median price decreases with 
the increase of the non-Western migrants. In these parishes the proportion of non-Western migrants 
change hugely, from around 10% to up to approximately 45% (there are two parishes with even more 
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proportion of non-Western migrants; i.e.  Haralds and Tingbjerg with 49.61%, and 69.85% respectively, 
but there were no data of housing sales on the ordinary free trade or public sales in these parishes in 
2020). 
 

 
Figure 9: Population distribution (in percentage) and housing prices (medina values in kDKK m-2) 

 
The relative numbers of non-Western and Western migrants are statistically significantly associated with 
the median housing prices (Table 8). However, it does not mean that they are independent predictors of 
the median prices by themselves and their interpretation should be done in comparison with the other 
variables. A useful tool that helps to interpret the overall influence of the variables on the predicted mean 
is to plot the outcome of the model under different compositions; both in ternary diagrams and bivariate 
plots with the confidence interval (Figure 10). Our result suggests, as we saw in Table 8, that there is a 
negative association between housing prices and the increase of non-Western migrants in relation to 
Danes and Western populations; i.e., green-red colours in the diagram towards an increase of the 
percentage of non-Western migrants. Furthermore, the blue-pink colours for the increase of Western 
migrants show the positive association between this group (in relation to the other two) and housing 
prices.  
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Figure 10: Ternary diagram showing the predicted median housing price at parish level for different 

compositions (top), and predicted median house prices at parish level with 95% CI for transects 1 and 2 
(bottom). The circles represent the clusters – see Figure 9  

 
While our analysis is limited to a small number of socio-economic variables, the results point to two 
different kinds of segregation that can be observed in the Danish capital region. The clustering of native 
Danes and Western immigrants on the one hand and high concentrations of non-Western immigrants in 
a relatively small number of parishes on the other hand indicates racial segregation. Taking into account 
house prices, we further see that Western migrants are concentrated in the central parishes, which are 
characterized by higher prices, whereas the parishes with high numbers of non-Western show significantly 
lower house prices. This correlation therefore also indicates socio-economic segregation.   
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6. Conclusions 
 
CoDa techniques are more robust and appropriate than standard statistical and geostatistical methods 
when we are analysing close data (e.g. percentages) 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. Therefore, we have carried out a case study to evaluate their 
applicability in this field to evaluate how we should interpret the results obtained with CoDa techniques. 
In this regard, we have analysed the population distribution, divided into people of Danish origin, Western 
immigrants, and non-Western immigrants in the Capital region of Denmark and its possible relationship 
with housing prices.    
 
Our analysis helps to interpret the spatial population segregation in the Capital region of Denmark. We 
have detected four main cluster regions with clearly different population structure in terms of migration 
percentages. Furthermore, we have found that migration patterns might help to interpret some of the 
variation in the median housing prices at parish level. However, we showed the potential of CoDa analysis 
in regression models but we did not try to make an exhaustive evaluation of the association between 
them. In this sense, we did not take into account many other factors that can affect housing prices. Our 
results, therefore, have to been taken with caution and further investigations should be carried out to 
evaluate the causal relationship between migration and housing prices in the Capital region of Denmark.  
 
We show how balances can be used for alleviating the issue of data interpretation with CoDa methods. 
There is still some complexity in the interpretation of models based on balances, and they can been seen, 
somehow, as black-boxes (especially when we have more than three components in our dataset). 
However, our exercise is a good example of how regression models should be interpreted when we have 
compositional data as explanatory variables. Our study is a basic case study with only three components 
but it can be generalized to other population datasets. 
 
Acknowledgements 
 
This work has been supported by the European Union’s Horizon 2020 research and innovation programme 
under grant agreement No 870649, the project Future Migration Scenarios for Europe (FUME; 
https://futuremigration.eu); and by the Aalborg University Strategic Fund, through the project: “Global 
flows of migrants and their impact on north European welfare states – FLOW” (www.flow.aau.dk). 
 
Disclosure statement 
 
No potential conflict of interest was reported by the author. 
 
Data availability 
 
The data and R-scripts that support the findings of this study are openly available in 
https://github.com/javiereliomedina/CoDa_migr_cph.git.   

http://www.flow.aau.dk/
https://github.com/javiereliomedina/CoDa_migr_cph.git


19 

 

 
References 
 
Aitchison, J. (1981) ‘A new approach to null correlations of proportions’, Journal of the International 

Association for Mathematical Geology, 13(2), pp. 175–189. doi: 10.1007/BF01031393. 
Aitchison, J. (1982) ‘The Statistical Analysis of Compositional Data’, Journal of the Royal Statistical Society. 

Series B (Methodological), 44(2), pp. 139–177. Available at: www.jstor.org/stable/2345821. 
Aitchison, J. (2002) ‘A Concise Guide to Compositional Data Analysis’, CDA Workshop Girona, 24, pp. 73–

81. doi: 10.2307/4355794. 
Aitchison, J. and Greenacre, M. (2002) ‘Biplots of compositional data’, Journal of the Royal Statistical 

Society. Series C: Applied Statistics, 51(4), pp. 375–392. doi: 10.1111/1467-9876.00275. 
Anselin, L. (2010) ‘Local Indicators of Spatial Association-LISA’, Geographical Analysis, 27(2), pp. 93–115. 

doi: 10.1111/j.1538-4632.1995.tb00338.x. 
Buccianti, A. (2018) ‘Water Chemistry: Are New Challenges Possible from CoDA (Compositional Data 

Analysis) Point of View?’, in Daya Sagar, B. S., Cheng, Q., and Agterberg, F. (eds) Handbook of 
Mathematical Geosciences. Cham: Springer International Publishing, pp. 299–311. doi: 10.1007/978-
3-319-78999-6_16. 

Buccianti, A. and Grunsky, E. (2014) ‘Compositional data analysis in geochemistry: Are we sure to see what 
really occurs during natural processes?’, Journal of Geochemical Exploration. Elsevier B.V., 141, pp. 
1–5. doi: 10.1016/j.gexplo.2014.03.022. 

Chastin, S. F. M. et al. (2015) ‘Combined Effects of Time Spent in Physical Activity, Sedentary Behaviors 
and Sleep on Obesity and Cardio-Metabolic Health Markers: A Novel Compositional Data Analysis 
Approach’, PLOS ONE. Edited by J. Devaney, 10(10), p. e0139984. doi: 
10.1371/journal.pone.0139984. 

Corrêa Leite, M. L. (2019) ‘Compositional data analysis as an alternative paradigm for nutritional studies’, 
Clinical Nutrition ESPEN, 33, pp. 207–212. doi: 10.1016/j.clnesp.2019.05.011. 

Cruz-Sandoval, M., Roca, E. and Ortego, M. I. (2020) ‘Compositional Data Analysis Approach in the 
Measurement of Social-Spatial Segregation: Towards a Sustainable and Inclusive City’, Sustainability, 
12(10), p. 4293. doi: 10.3390/su12104293. 

Dailey, G. (2006) ‘Normalizing Census Data Using ArcMap’, ArcUser, (January-March), pp. 52–53. Available 
at: www.esri.com. 

Dumuid, D. et al. (2018) ‘Compositional data analysis for physical activity, sedentary time and sleep 
research’, Statistical Methods in Medical Research, 27(12), pp. 3726–3738. doi: 
10.1177/0962280217710835. 

Dumuid, D. et al. (2021) ‘Compositional Data Analysis in Time-Use Epidemiology’, Advances in 
Compositional Data Analysis, pp. 383–404. doi: 10.1007/978-3-030-71175-7_20. 

Ebrahimi, P. et al. (2021) ‘Coupling compositional data analysis (CoDA) with hierarchical cluster analysis 
(HCA) for preliminary understanding of the dynamics of a complex water distribution system: The 
Naples (South Italy) case study’, Environmental Science: Water Research and Technology. Royal 
Society of Chemistry, 7(6), pp. 1060–1077. doi: 10.1039/d0ew01123a. 

Egozcue, J. J. et al. (2003) ‘Isometric Logratio Transformations for Compositional Data Analysis’, 
Mathematical Geology, 35(3), pp. 279–300. doi: 10.1023/A:1023818214614. 

Egozcue, J. J. and Pawlowsky-Glahn, V. (2005) ‘Groups of parts and their balances in compositional data 
analysis’, Mathematical Geology, 37(7), pp. 795–828. doi: 10.1007/s11004-005-7381-9. 

Ezbakhe, F. and Pérez Foguet, A. (2020) ‘Child mortality levels and trends: A new compositional approach’, 
Demographic Research, 43(43), pp. 1263–1296. doi: 10.4054/DemRes.2020.43.43. 

Ferreira, A. et al. (2018) ‘Indoor radon measurements in south west England explained by topsoil and 



20 

 

stream sediment geochemistry, airborne gamma-ray spectroscopy and geology’, Journal of 
Environmental Radioactivity, 181, pp. 152–171. doi: 10.1016/j.jenvrad.2016.05.007. 

Georgati, M. and Keßler, C. (2021) ‘Spatially Explicit Population Projections: The case of Copenhagen, 
Denmark’, AGILE: GIScience Series, 2, pp. 1–6. doi: 10.5194/agile-giss-2-28-2021. 

Grunsky, E. C., Mueller, U. A. and Corrigan, D. (2014) ‘A study of the lake sediment geochemistry of the 
Melville Peninsula using multivariate methods: Applications for predictive geological mapping’, 
Journal of Geochemical Exploration. Elsevier B.V., 141, pp. 15–41. doi: 10.1016/j.gexplo.2013.07.013. 

Gulis, G., Safi, M. and Linde, D. S. (2020) ‘Rapid health impact assessment of a Danish policy document: 
One Denmark without Parallel Societies: No Ghettos in 2030’, Journal of Public Health. Journal of 
Public Health. doi: 10.1007/s10389-020-01375-z. 

Jeanty, P. W., Partridge, M. and Irwin, E. (2010) ‘Estimation of a spatial simultaneous equation model of 
population migration and housing price dynamics’, Regional Science and Urban Economics. Elsevier 
B.V., 40(5), pp. 343–352. doi: 10.1016/j.regsciurbeco.2010.01.002. 

Lin, Y. et al. (2018) ‘The Impact of Population Migration on Urban Housing Prices: Evidence from China’s 
Major Cities’, Sustainability, 10(9), p. 3169. doi: 10.3390/su10093169. 

Lloyd, C. D. (2010) ‘Analysing population characteristics using geographically weighted principal 
components analysis: A case study of Northern Ireland in 2001’, Computers, Environment and Urban 
Systems. Elsevier Ltd, 34(5), pp. 389–399. doi: 10.1016/j.compenvurbsys.2010.02.005. 

Lloyd, C. D., Pawlowsky-Glahn, V. and Egozcue, J. J. (2012) ‘Compositional Data Analysis in Population 
Studies’, Annals of the Association of American Geographers, 102(6), pp. 1251–1266. doi: 
10.1080/00045608.2011.652855. 

Martín-Fernández, J. A., Barceló-Vidal, C. and Pawlowsky-Glahn, V. (2003) ‘Dealing with Zeros and Missing 
Values in Compositional Data Sets Using Nonparametric Imputation’, Mathematical Geology, 35(3), 
pp. 253–278. doi: 10.1023/A:1023866030544. 

McKinley, J. M. et al. (2020) ‘Investigating the influence of environmental factors on the incidence of renal 
disease with compositional data analysis using balances’, Applied Computing and Geosciences. 
Elsevier Ltd, 6(October 2019), p. 100024. doi: 10.1016/j.acags.2020.100024. 

Nowok, B. (2020) ‘A visual tool to explore the composition of international migration flows in the EU 
countries, 1998–2015’, Demographic Research, 42(April), pp. 763–776. doi: 
10.4054/DemRes.2020.42.27. 

Pawlowsky-Glahn, V. and Egozcue, J. J. (2006) ‘Compositional data and their analysis: an introduction’, 
Geological Society, London, Special Publications, 264(1), pp. 1–10. doi: 
10.1144/GSL.SP.2006.264.01.01. 

Pawlowsky-Glahn, V. and Egozcue, J. J. (2011) ‘Exploring compositional data with the CoDa-dendrogram’, 
Austrian Journal of Statistics, 40(1&2), pp. 103–113. doi: 10.17713/ajs.v40i1&2.202. 

Pawlowsky-Glahn, V., Egozcue, J. J. and Tolosana-Delgado, R. (2011) ‘Lecture notes on data analysis’, 
(March). 

Peng, C.-W. and Tsai, I.-C. (2019) ‘The long- and short-run influences of housing prices on migration’, Cities. 
Elsevier, 93(May), pp. 253–262. doi: 10.1016/j.cities.2019.05.011. 

R Core Team (2021) ‘R: A language and environment for statistical computing’. Vienna, Austria: R 
Foundation for Statistical Computing. Available at: https://www.r-project.org/. 

Schöley, J. (2021) ‘The centered ternary balance scheme: A technique to visualize surfaces of unbalanced 
three-part compositions’, Demographic Research, 44(March), pp. 443–458. doi: 
10.4054/DemRes.2021.44.19. 

Seemann, A. (2020) ‘The Danish “ghetto initiatives” and the changing nature of social citizenship, 2004–
2018’, Critical Social Policy, pp. 1–20. doi: 10.1177/0261018320978504. 

Statistics Denmark (2021) KMSTA001: Population 1. January by parish, ancestry and member of the 



21 

 

National Church. Available at: 
https://www.statbank.dk/statbank5a/SelectVarVal/Define.asp?MainTable=KMSTA001&PLanguage
=1&PXSId=0&wsid=cftree (Accessed: 20 August 2021). 

Tepanosyan, G. et al. (2020) ‘Combination of compositional data analysis and machine learning 
approaches to identify sources and geochemical associations of potentially toxic elements in soil and 
assess the associated human health risk in a mining city’, Environmental Pollution. Elsevier Ltd, 261, 
p. 114210. doi: 10.1016/j.envpol.2020.114210. 

Tyrcha, A. and Abreu, M. (2019) ‘Migration Diversity and House Prices - Evidence from Sweden’, SSRN 
Electronic Journal, pp. 1–36. doi: 10.2139/ssrn.3394234. 

Verswijveren, S. J. J. M. et al. (2021) ‘Using compositional data analysis to explore accumulation of 
sedentary behavior, physical activity and youth health’, Journal of Sport and Health Science, 00, pp. 
1–10. doi: 10.1016/j.jshs.2021.03.004. 

Wang, X.-R., Hui, E. C.-M. and Sun, J.-X. (2017) ‘Population migration, urbanization and housing prices: 
Evidence from the cities in China’, Habitat International. Elsevier Ltd, 66, pp. 49–56. doi: 
10.1016/j.habitatint.2017.05.010. 

Wei, Y. et al. (2019) ‘Predicting population age structures of China, India, and Vietnam by 2030 based on 
compositional data’, PLOS ONE. Edited by A. Rizzo, 14(4), p. e0212772. doi: 
10.1371/journal.pone.0212772. 

Wei, Y. et al. (2021) ‘Compositional data techniques for forecasting dynamic change in China’s energy 
consumption structure by 2020 and 2030’, Journal of Cleaner Production. Elsevier Ltd, 284, p. 124702. 
doi: 10.1016/j.jclepro.2020.124702. 

Zhang, S. wen et al. (2013) ‘Spatial Interpolation of Soil Texture Using Compositional Kriging and 
Regression Kriging with Consideration of the Characteristics of Compositional Data and Environment 
Variables’, Journal of Integrative Agriculture. Chinese Academy of Agricultural Sciences, 12(9), pp. 
1673–1683. doi: 10.1016/S2095-3119(13)60395-0. 

Zheng, C. et al. (2021) ‘Application of compositional data analysis in geochemical exploration for 
concealed deposits: A case study of Ashele copper-zinc deposit, Xinjiang, China’, Applied 
Geochemistry. Elsevier Ltd, 130(December 2020), p. 104997. doi: 
10.1016/j.apgeochem.2021.104997. 

 


	1. Introduction
	2. Theoretical background
	3. Data and methods
	3.1. Population data at parish level
	3.2. House prices
	3.3. Compositional data
	4. Results
	4.1. Ternary diagram of population structure
	4.2. Balances
	4.3. Hierarchical clustering
	4.4. Linear model
	5. Discussion
	6. Conclusions
	References

