
1 
 

Using population census data to assist in sampling of survey on discrimination. 

Afshin Ashofteh1,2, Joao Lopes2, Pedro Campos2,3 

1 – Nova Information Management School, Nova University of Lisbon. 

2 – Statistics Portugal. 

3 – Faculty of Economics, University of Porto. 

 

Abstract 

The European Union dictates that every person should enjoy their freedom and the chance to 

participate equally in society, irrespective of their race or ethnicity. To assess the impact of 

racism or ethnic discrimination, Statistics Portugal implemented the Survey on Living 

Conditions, Origins and Trajectories of Population Resident in Portugal (ICOT). One of the main 

challenges in data collection of minority populations is obtaining representativeness. To 

overcome this limitation, Statistic Portugal used population census data to efficiently target 

marginal population and ethnic minorities. Accordingly, we propose a methodology to use 

socio-demographic data from population census in assisting sampling via the creation of 

groups of parishes with significant representation of the target population. The identification 

of these groups and their subsequent geospatial analysis provides a framework to use 

sampling schemes with oversampling. We identified six groups of parishes with marked 

differences in their characteristics and geographic locations: cluster A with population with low 

education; cluster B with population of migrants working mostly in the primary sector; cluster 

C with wealthy, mostly European migrants; cluster D with mostly afrodescendants migrants in 

an urban context; cluster E with mostly first or second generation of emigrants that returned 

to Portugal from other European countries; and cluster F with mostly European migrants living 

in rural areas. 

 

Keywords: Ethnic minorities, Discrimination and racism, Geospatial information, Hierarchical 

clustering, Coverage error, Population census. 
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1. Introduction 

 

The European Union (EU) recommended policy solutions to assess the impact of racism or 

other form of discrimination by collecting and analysing racial and ethnic origin data (European 

Commission, 2020). The main challenges in data collection are four-fold: Confidentiality and 

Anonymity; Representativeness; Comparability; and Categorization (Farkas, 2017). Limitations 

on representativeness are mostly due to small numbers of national minority members and 

respondents in statistical samples. To overcome this limitation, national statistical offices can 

use external data to assist in targeting immigration groups more efficiently (Statistics Canada 

2015). A similar approach is used in EU countries (i.e. Croatia, Norway, Switzerland, Romania, 

Germany, and Turkey) (Morales et al, 2020). 

 

In 2023, Statistics Portugal implemented the Survey on Living Conditions, Origins and 

Trajectories of Population Resident in Portugal (Inquérito às Origens e Trajetórias da 

População Residente, ICOT) (Statistics Portugal, 2023). The aim of this survey was to provide 

information on the diversity of the resident population regarding their origins, ethnic 

belonging/identification, generational trajectories and living conditions. Survey ICOT addressed 

several complex and sensitive issues: family, education, working life, languages spoken and 

learned, housing conditions, mobility, health and limitations, income and social mobility, 

discrimination, and social and family relations. For this reason, the survey can be of utmost 

importance in defining public policies. The strategy for data collection followed by Statistic 

Portugal was similar to the one used by Statistics Canada and by National Statistical Offices of 

other EU countries, in that, population census data assisted in efficiently targeting marginal 

population and ethnic minorities (Statistics Portugal, 2022a). 

 

In this work, we are going to characterize all 3092 parishes of Portugal using socio-

demographic indicators collected in population census from 2021, amounting to a total of 25 

variables divided in 5 themes: Sex-ratio, Naturality, Literacy, Education-level, and Religion. This 

information will then be used to perform a hierarchical clustering analysis to identify groups of 

parishes composed by marginal population and ethnic minorities. For this purpose, we devised 

a methodology to assess the significance of each considered variable according to their 

distribution on all the parishes. Following the identification of selected clusters, we will enrich 

the data with geographical information. The identification of these groups and their 

subsequent geospatial analysis can provide a framework for a sampling scheme used in the 

context of the survey ICOT.  
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2. Data and Methods 

 

We collected six socio-demographic indicators from population census 2021 on five main 

themes: Sex-ratio - variable C0200 (sex); Naturality - variables C0700 (naturality at parish-

level), and C0720 (naturality at country-level); Literacy - variable C1100 (literacy level); 

Education - variable C1300 (education level); and Religion - variable C3000 (religious faith). We 

then calculated the percentages of the indicators at parish-level for each of the 3092 parishes 

in Portugal. This resulted in a database with one observation per parish with a variable for 

each category of the considered census indicators. Since the aim of the study was to identify 

groups of parishes with a significant presence of marginal populations vulnerable to 

discrimination, we chose the final set of variables in accordance. In particular, we omitted 

information related to Portuguese naturality, to education levels above completion of Primary 

Education, and to Christian Catholic religion. Thus, obtaining 25 variables belonging to the five 

main themes: 

• Sex-ratio – Proportion of females (Female). 

• Naturality – Brazilian (BR); population from Portuguese-speaking African countries 

(PALOP); population from European Union or Great Britain (E27 + GB); Venezuelan 

(VE); Eastern Europeans (East-Eur); Swiss (CH); Southern Asians (South-Asian); Chinese 

(CN); South-African (ZA); North Americans (North-Amer); population from other less 

represented countries (Other). 

• Literacy – Proportion of illiterates (Illiterate). 

• Education – Early childhood education (“Nenhum”); Uncompleted primary education 

(“Básico 1”). 

• Religion – Christian Orthodox (Orthodox); Christian Protestant or Evangelical 

(Protestant/Evangelical); Jehovah’s witness (Jehovah’s witness); other Christian 

denominations (Other Christian); Buddhists (Buddhist); Hindu (Hindu); Jewish (Jewish); 

Muslin (Muslin); other religion (Other religion); no religion (Non-religious). 

 

Using the variables considered, we performed a hierarchical clustering analysis to define 

groups of parishes. We used Euclidean distances and Ward’s minimum variance (Ward, 1963) 

as the clustering criteria. To select the number of clusters to use, we calculated various indexes 

using three main criteria to select the optimal number of clusters: minimization criteria – 

McClain (McClain and Rao 1975), SD index (Halkidi et al. 2000); ‘index > 1’ criteria – Frey (Frey 

and Van Groenewoud 1972); and maximization criteria – Ptbiserial (Milligan 1980, 1981), 
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Silhouette (Rousseeuw 1987). After defining the groups, we devised a methodology to 

characterize them according to the average values of the variables for each group of parishes.  

 

For the characterization of the clusters, first we calculated several thresholds for each variable 

according to their percentile of the distribution across the 3092 parishes: 1% (P01), 5% (P05), 

10% (P10), 90% (P90), 95% (P95) and 99% (P99). Then, we calculated the averages of each 

variable for each group of parishes and determined their level of significance by considering 

three levels of negative (left-tail) significance (< P10, -; < P05, - -; < P01, - - -) and three levels of 

positive (right-tail) significance (> P90, +; > P95, ++; > P99, +++). 

 

To understand the dispersion and location of the groups of parishes, we represented them 

across the geography of mainland Portugal. For the final definition of the groups of parishes, 

we took a flexible and interactive approach. We set several possible optimal numbers of 

clusters according to the different criteria. Then, for each possible level of cut on the 

hierarchical clustering, we characterize all the defined groups of parishes using both 

significance of the variables and geospatial analyses. In this way, we could define different 

depth of cuts depending on the branch of the hierarchical clustering so that the resulting 

clusters could be more informative. 

 

All analyses were performed in environment R x64 4.3.1. mainly using packages supplied with 

the distribution (R Core Team 2023). Package "ROracle" was used to retrieve Census 2021 data 

(Mukhin et al 2021), "tidyverse" was used to perform data analysis (Wickham et al 2019), 

"NbClust" was used to calculate indexed for the optimal number of clusters (Charrad et al, 

2014), “sf” (Pebesma 2018, Pebesma & Bivand 2023) and “scales” (Wickham & Seidel 2022) 

were used to create the spatial plots, and “dendextend” (Galili 2015) and “RColorBrewer” 

(Neuwirth 2022) were used to create the hierarchical clustering analysis plots.  
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3. Results 

 

3.1. Creating clusters of parishes  

Using various previously defined indexes, we selected the optimal number of clusters of 

parishes to consider. Figure 1 shows the selection of three values: 5, 9 and 21 clusters. 

 

 

Figure 1. Index values for optimizing the number of clusters using minimization criteria 

(McClain, SD index), “index greater than 1” criteria (Frey), and maximization criteria (Ptbiserial, 
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Silhouette) methodologies. Red dashed lines show the number of clusters selected: 5, 9 and 

21. 

The cut-off for the creation of clusters were considered after the hierarchical clustering 

analyses (Figure 2). In this figure, we also represented the 6 main cluster of parishes selected 

after the characterization of all the clusters created (red, purple, light green, dark green, light 

blue, and dark blue). Notice that the cluster at the leftmost side (red) was considered only at 

the lowest depth, equivalent to the cut-off on 5 clusters, whereas all the others were 

considered at the cut-off on 21 clusters. 

 

 

Figure 2. Hierarchical clustering of parishes. Red dashed lines show the cut-offs selected 

(equivalent to optimal number of clusters): 5, 9 and 21. Coloured horizontal bars show 



Defining clusters of parishes with ethnic minorities at risk of discrimination. 

7 
 

selected clusters for each of the three cut-offs (A, red; B, purple; C, light green; D, dark green; 

E, light blue; and F, dark blue). Clusters of parishes not selected are represented in grey. 

 

3.2. Characterization of selected clusters of parishes 

Considering the three significance levels for the leftmost tail and three significance levels for 

the rightmost tail of the distributions, we selected 6 clusters of parishes than can be divided in 

two main types: 

1) Composed of populations with incomplete primary education (i.e. Cluster A); 

2) Composed of marginal populations and ethnic minorities at risk of discrimination (i.e. 

Clusters B, C, D, E, and F). 

 

Table 1. Characterization of selected clusters of parishes. 

Variable A B C D E F 

n 270 11 26 153 18 16 

Female  - - -    - 

BR   + ++   
PALOP   + ++   
E27 + GB   ++  +++ +++ 
VE - -      
East-Eur - - ++ ++    
CH       
South-Asia - +++     
CN - - -    - - -  
ZA - -    +  
North-Amer       
Other  +++ +   ++ 

Illiterate       

“Nenhum”       
“Básico 1” ++  - - -   

Orthodox - - ++ ++   + 
Protestant/Evangelical   ++ +  ++ 
Jehovah’s witness       
Other Christian   ++ + + ++ 
Buddhist - - +++    + 
Hindu - - - +++     
Jewish      + 
Muslin - - +++  +   
Other religion - - +++    ++ 
Non-religious   + ++  +++ 

n, number of parishes in cluster;  - - -, < P01; - -, < P05, -, < P10; +, > P90; ++, P95; +++, P99.  
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We represented the selected six clusters of parishes using a geospatial analysis by considering 

the geography of mainland Portugal, observing strong geographical structure of the clusters 

(Figure 3). 

 

 

Figure 3. Geographical distribution of selected clusters of parishes in mainland Portugal. 

 

Parishes in Cluster A are mainly located inland in the north and centre of Portugal. Cluster B 

parishes are located mainly in the regions Metropolitan Area of Lisbon and “Alentejo”. 

Parishes in Cluster C are mainly located in the region of “Algarve” and on the west coast of 

mainland Portugal. Cluster D parishes are mainly located in the Lisbon Metropolitan Area and 

in various municipal capitals throughout the country. Parishes in Cluster E are located inland in 

the regions of “Algarve” and “Baixo Alentejo” and scattered throughout the north and centre 
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of the country. Finally, Cluster F parishes are located mostly in rural areas in the region of 

“Algarve” and in the coastal area of “Alentejo”.  



Defining clusters of parishes with ethnic minorities at risk of discrimination. 

10 
 

4. Discussion 

 

4.1. Choosing selected clusters of parishes 

Using the parishes database, we constructed a hierarchical clustering tree and chose the cut-

offs according to various indexes of optimal number of clusters. From visual analyses of the 

indexes, we select cut-offs corresponding to 5, 9 and 21 clusters. Using three depth levels for 

the cut-offs allowed us to choose a different cut-off depending on the tree branch considered. 

The selection of the clusters was done after characterizing each one using the socio-

demographic variables. We devised a methodology to assess the significance of each variable 

used according to their full distribution on the 3092 parishes. This was performed by using 

commonly used levels of significance for each variable (1%, 5%, 10%, 90%, 95% and 99%). 

Considering the thresholds of significance for each of the 25 variables, along with the groups of 

clusters resulting from the three chosen depth levels for the hierarchical tree cut-offs, we 

selected 6 clusters of parishes. Interestingly, these clusters corresponded to two main types: 

1) Composed of populations with high level of illiteracy and incomplete primary 

education (i.e. Cluster A); 

2) Composed of marginal populations and ethnic minorities at risk of discrimination (i.e. 

Clusters B, C, D, E, and F). 

Notice that cluster A was considered only at the lowest depth, equivalent to the cut-off at 5 

clusters. The other selected clusters, representing parishes with a high percentage of ethnic 

minorities, were considered at the deepest cut-off level of the tree, equivalent to 21 clusters. 

Parishes from non-selected clusters were considered unimportant, having non-significant 

levels of interesting socio-demographic variables. 

 

4.2. Characterization of selected clusters of parishes 

Cluster A represents parishes whose population have a low level of education, potentially 

increasing the discriminatory pressure on minority ethnic groups (Santos, 2019b). Has seen 

before, parishes in this cluster are mainly located inland in the north and centre of Portugal, 

but there are also four inland parishes in the region of “Baixo Alentejo” (Cavaco, 2018). 

 

Cluster B groups parishes characterized by a gender ratio skewed towards males, and with 

populations from Eastern Europe, Southern Asia, and other less represented countries. The 

most represented minority religions are Christian Orthodox, Buddhist, Hindu, Muslim, as well 

as other less represented religions. Parishes are located mostly in “Alentejo” (Odemira and 
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Ferreira do Alentejo); and in Lisbon Metropolitan Area (Montijo and Santa Maria Maior). The 

characterization of these parishes follows an expected pattern of regions with large population 

of male immigrants (Statistics Portugal, 2022b) working in the primary sector. In fact, Odemira, 

Ferreira do Alentejo and Montijo are regions with strong agriculture/fishing activity with a 

need for labour force that has been fulfilled by immigrants (Carvalho, 2021; Agostinho, 2022). 

 

Cluster C groups parishes composed by minority populations from Brazil, PALOP countries, EU 

countries and the UK, and other less represented countries. These parishes are also 

characterized by having a significant presence of a moderately well-educated population. The 

most represented minority religions are Christian Orthodox, Christian Protestant/Evangelical 

and other Christian faiths, as well as people declaring non-religious beliefs. This parishes are 

mainly located in the region of “Algarve” and the so called “Silver Coast” of Portugal (i.e. 

Óbidos, Caldas da Rainha and Alcobaça). The characterization of this cluster and its geographic 

location suggested parishes with high touristic activity targeting wealthy population (Santos & 

Godinho, 2018). The presence of immigrants from EU countries and the UK, generally 

perceived as having a good impact in the development of the country, may indicate low levels 

of discrimination towards migrants in these parishes (Oliveira, 2023). 

 

Cluster D represents parishes composed by minority populations from Brazil and PALOP 

countries, and with populations with high levels of education. The most represented minority 

religions are Christian Protestant/Evangelical and other Christian faiths, Muslim, as well as 

people declaring non-religious beliefs. These parishes are mainly located in the Lisbon and 

Porto Metropolitan Areas and in various municipal capitals (e.g. Albufeira, Aveiro, Beja, Caldas 

da Rainha, Coimbra, Faro, Portimão, Santarém and Aveiro). This cluster seems to be related to 

urban centres with high concentration of migrants. Despite having a population with high 

levels of education, the composition of the migrant population being mostly from Brazil and 

PALOP countries creates a high potential for the presence of historical racism towards 

afrodescentants (Santos, 2019a). These results suggest that parishes in this cluster may be of 

particular importance for surveying discrimination towards ethnic minorities. 

 

Cluster E is made up of parishes with minority populations from the EU and the UK, and from 

South Africa. These parishes are also characterized by having significant presence of 

population of both Christian Orthodox and Christian Protestant/Evangelical faiths. These 

parishes are located inland in the regions of “Algarve” and “Baixo Alentejo” and scattered 

throughout the north and centre of the country. The characterization and the geographical 
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location of these parishes suggest a population of migrants returned from historical emigration 

outflows to EU countries and UK (Oliveira & Neves, 2017). As in cluster C, in this cluster there 

seems to be low potential for discrimination towards migrant populations given the similar 

ethnicity to the Portuguese population. 

 

Cluster F groups parishes characterized by a gender ratio somewhat skewed towards Males 

and composed by minority populations from the EU and the UK. The most represented 

minority religions are Christian Orthodox, Christian Protestant/Evangelical and other Christian 

faiths, Buddhist, Jewish, other less represented religions, as well as people declaring no 

religious beliefs. These parishes are located in the region of “Algarve” and in the coastal area 

of “Alentejo”, and include the top ones in terms of proportion of population from EU countries 

and UK. Notoriously, these are populations that potentially benefit from beneficial fiscal 

conditions (Santos & Godinho, 2018). From Typology of Urban Areas (Tipologia de áreas 

urbanas, TIPAU), we observe that, contrary to cluster C, these parishes are mostly rural. 

Nevertheless, and similarly to cluster C, the general opinion that these migrants have a good 

impact in the development of the country suggests low relevance for surveying discrimination 

and racism (Oliveira, 2023). However, the presence of significant proportion of Jewish 

population may justify considering these parishes for an efficient sampling of this small 

religious minority in Portugal. 
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