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INTRODUCTION 
The population survey at municipality level (LAU2) is very important for the LANDSUPPORT pro-
ject. Indeed, demographic data is important (i) to describe the social context of European munici-
palities and (ii) is required by several of our decision support tools. For example, the Land Take 
tool requires calculation of the population between given years and comparison of this data with 
the increase in urbanized surface over the same time period. 
 
To obtain this information at the municipal level (LAU2) on a European scale, it was necessary to associate 
the data from the LAU2 spatial geometries - which are typically visualized and processed on GIS platforms - 
with the surveyed population data. 
A first screening of EUROSTAT data highlighted the high complexity of the challenge, which is due 
to a lack of coherence between the information layers obtained for the different member states. 
These problems were tackled and partially resolved through a gradual, slow and cautious ap-
proach that took two months’ work. 
 

 
METHODS 
For data processing, the ArcGIS 10.2 software was used. 
To allow association of the population data (Excel tables) with the file containing the geometry of the munici-
palities (shapefile), it was necessary to use a very common procedure in the GIS environment known as 
"join". By using codes (numeric, textual or alphanumeric) contained in a specific column present in two dif-
ferent tables (for example the data contained in the "code" column of Tables A and B of Figure 1), the join 
operation allows the merging of data from a hypothetical table A with those from a table B, so generating a 
table C such as the "Result" in figure 1. 
 

 
Figure 1 – Example of join procedure 

 
An initial data analysis highlighted a series of specific problems in each country (these problems will be 
dealt with in more detail below). This made the implementation of a single, automatic join procedure for 
all member states impractical. 
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To solve these problems and have greater control over the results, the first phase of the work involved 
segmentation of the shapefile using municipal geometries referring to the year 2013 for the entire Euro-
pean Union (freely downloadable at: https://ec.europa.eu/eurostat/web/gisco/geodata/reference-
data/administrative-units-statistical-units/communes#communes13), which generated a shapefile for each 
member state. For the Austrian case, in order to minimize topological coherent problems, geodata was 
obtained by data.gv.at, 2017. 
Each shapefile has been associated, using join procedures, with population data for the years 2012, 2015, 
2016, 2017, 2018, the years of interest for the Land Take tool (freely downloadable at: 
https://ec.europa.eu/eurostat/web/nuts/local-administrative-units). Austrian population data was obtained 
from Statistik Austria. 

The best practice would have been to use geodata referring to the same years as the population data. For 
example, the 2012 shapefile for population data collected in that year and so on. This is because the munici-
pal geometries might vary from one year to the next due to administrative reorganization. Associating infor-
mation on population with municipal geometries for a different year may generate errors of over or underes-
timation. In our case, the use of geodata referring to the year 2013 is a consequence of the impossibility of 
finding geodata for the whole European area in the years of interest mentioned above. 

For the case study of Austria, it has been possible (thanks to EAA) to find population data, for the years 
2012, 2015, 2016, 2017, 2018, referring to geodata downloaded from data.gv.at, 2017. In comparison to the 
standard procedure, this allowed to overcome the limitation of having the “no data” records. It is desirable 
that in the near future the UE population dataset will ameliorate as it was in the case of Austria. 

Generally, the fields used to associate the municipal geometries with population data have been 
NSI_CODE and LAU_CODE; however, as already mentioned, there have been several cases for 
which it was necessary to proceed with join methods adapted to the specific situations in the indi-
vidual countries (Annex 1). 
 

RESULTS 
Five information layers were produced as a shapefile. Each of them described the European population in a 
specific year (2012, 2015, 2016, 2017 and 2018). These years were chosen in relation to the use of this data 
in the Land Take tool, which provides soil imperviousness data for the same periods of time. 
Within the same shapefile, there are two levels of spatial detail: LAU2 and NUTS2, as shown in table 1. 
 
This is mainly linked to the unavailability (or, due to incomplete available data, the difficulty of application) of 
population data at the LAU2 level. When the LAU2 data was not available and/or applicable for a particular 
year in a particular country, the NUTS2 data was applied in its place with the relative geometries (available 
and downloadable on the EUROSTAT website). The LAU2 resolution data were implemented for 63% of the 
countries in the Union on average (table 1).  
 
The problems for which it was necessary to use the NUTS2 data are attributable to 4 main causes: 
(i) the lack of population data; 
(ii) the disproportion between the population data collected / available in comparison with the actual number 
of LAU2 units; 
(iii) the difficulty of finding a shapefile with the LAU2 units which was suitable for association with the EURO-
STAT population data (this problem was only for Greece); 
(iv) other association problems (join) between population data and spatial data. 
 
Table 2 shows these issues for each member state in each year considered in detail. 
 
The green fields in Tables 1 and 2 have population data at LAU2 resolution and might present the 
following problems: 

(i) Presence of municipalities with zero population. This problem refers to the unavailability 
of data for some specific municipalities or to the lack of join between data and geodata 

https://ec.europa.eu/eurostat/web/gisco/geodata/reference-data/administrative-units-statistical-units/communes#communes13
https://ec.europa.eu/eurostat/web/gisco/geodata/reference-data/administrative-units-statistical-units/communes#communes13
https://ec.europa.eu/eurostat/web/nuts/local-administrative-units
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in that particular row of the table. This is an easily identifiable and quantifiable error (for 
example by ordering the table with respect to the population data). 
 

(ii) Errors in the attribution of data to the geodata. This may be due to a variety of causes, 
one of which is that several sectors of the same city may be registered using the same 
LAU code (see attachment, the case of the city of Bucharest), so generating enormous 
overestimates. Other causes might be the mergers and divisions of municipalities. 
These types of errors are less easily identifiable than those in point (i). 

 
 
Table 1 - Resolution NAU2 / NUTS2 for all countries in the five years considered - in green the countries with LAU2 reso-
lution, in yellow those with NUTS2 resolution, in red the countries with NUTS2 resolution but with no population data 

Country ISO 2012 2015 2016 2017 2018 

Austria AT           

Belgium BE           

Bulgaria BG           

Cyprus CY           

Croatia HR           

Denmark DK           

Estonia EE           

Finland FI           

France FR           

Germany DE           

Greece EL           

Ireland IE           

Italy IT           

Latvia LV           

Lithuania LT           

Luxemburg LU           

Malta MT           

Netherlands NL           

Poland PL           

Portugal PT           

United Kingdom UK           

Czech Republic CZ           

Romania RO           

Slovakia SK           

Slovenia SI           

Spain ES           

Sweden SE           

Switzerland CH           

Hungary HU           
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Table 2 - problems relating to the implementation of the LAU2 resolution data. Abbr. Pop= population 

Country ISO 2012 2015 2016 2017 2018 

Austria AT           

Belgium BE           

Bulgaria BG       Few Pop Data Few Pop Data 

Cyprus CY No Data   No Data No Data No Data 

Croatia HR No Data         

Denmark DK Few Pop Data     Few Pop Data Few Pop Data 

Estonia EE         Few Pop Data 

Finland FI           

France FR   No Data No Data   No Data 

Germany DE   No Data       

Greece EL Few Geo Data Few Geo Data Few Geo Data Few Geo Data Few Geo Data 

Ireland IE No Data No Data No Data No Data No Data 

Italy IT           

Latvia  LV Join Problems Join Problems Join Problems Join Problems Join Problems 

Lithuania LT No Data No Data No Data Few Pop Data Few Pop Data 

Luxembourg LU           

Malta  MT           

Netherlands NL           

Poland PL         Join Problems 

Portugal PT         No Data 

United Kingdom UK Join Problems Join Problems Join Problems Few Pop Data Few Pop Data 

Czech Republic CZ           

Romania RO           

Slovakia  SK           

Slovenia SI Few Pop Data Few Pop Data Few Pop Data Few Pop Data Few Pop Data 

Spain ES   No Data No Data   No Data 

Sweden SE           

Switzerland CH No Data No Data No Data     

Hungary HU           

       
Legend      

  LAU2 population detail data  

No Data Unavailability of the LAU2 population detail data  

Few Pop Data 
The population data collected at LAU2 detail are too few compared to the actual 
number of municipalities  

Few Geo Data 
Availability of population data to detail LAU2, but difficulty in finding a shapefile 
with the same spatial resolution  

Join Problems Difficult diversification of join between geometry and population data  
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CONCLUSION 

The production of population data for the EU in the years 2012, 2015, 2016, 2017 and 2018 is new and im-
portant for LANDSUPPORT and for the Land Take tool. 
 
It was obtained through a collage of many small elaborations due to the impossibility of finding "key data" to 
solve problems which were mainly connected to the join between the different data. The works, by virtue of 
their digital craftsmanship, present various critical points to be taken into account, but, for the same reason, 
they are also in need of further improvement. 
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ANNEXES (some small examples) 
 
The case of Hungary 

One of the join problems was found in Hungary. The NSI_CODE field in figure 1 does not correspond to the 
LAU CODE field (Fig. 2). It was necessary to truncate the LAU CODE data (figure 2) and verify that the trun-
cating operation did not generate duplications. The truncated data in FIG. 2 (LAU CODE truncated) is now 
suitable to support the join operation with the NSI_CODE datum of FIG. 1. 
 
This issue regards Hungary for the years 2018, 2017, 2016 and 2015. 
The data from Hungary in 2012 present a further, different, problem: they (column 
LAU2_NAT_CODE in figure 3) are not suitable to support the join operation with the NSI_CODE 
datum of figure 1; consequently, a zero must be added before the 3-digit number (column 
LAU2_NAT_CODE modified, Fig. 3). 
 
 

 

 
Figure 1 - Hungary, Shapefile table of attributes 
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Figure 2 - Hungary, 2017 population data 

 

 

 

Figure 3 - Hungary, population data 2012. 
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The case of the city of Bucharest 

Another problematic case, generated by the join operation between spatial and population data, is 
that of the city of Bucharest. The join operation generates a significant overestimation of the popula-
tion. The LAU CODE for the city of Bucharest (RO321 in figure 4b) is used for all 6 sectors of the city 
(Fig. 4 °). In this case, recognition and correction of this problem was only possible through a check 
between the total rows and those associated by join. 

 

 

 

 
Figure 4 - City of Bucharest - overestimation of the population 
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Topological problems 

During the construction of the 5 shapefiles (2012, 2015, 2016, 2017, 2018) topological problems were pre-
sented. An example is the topology of Austria, it has been extracted from data.gv.at (2017), has not been 
used as such but has required a re-adaptation of the boundary line to make it fit with the LAU2 geometries 
of the neighboring countries (Eurostat). 
 

 
Figure 5 - Topological problems at the Austrian border 

 

Figure 6 - Resolution of topological problems at the Austrian border

Another example of topological problems is the one that emerged for the simultane-
ous presence (in the same shapefile) of nations at LAU2 resolution (Eurostat 2013) 
with nations at NUTS2 resolution (Eurostat 2016). These topological problems, visi-
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ble at the interface of the two spatial resolutions (figure 7) have been almost com-
pletely solved by replacing the NUTS2 2016 geometries with NUTS2 2013 geome-
tries (figure 8). 

 
Figure 7 - Topological problems related to the simultaneous presence of nations at LAU2 resolution 

(Eurostat 2013) with nations at NUTS2 resolution (Eurostat 2016) 

 
Figure 8 - Solving topological problems by replacing the NUTS 2 2016 geometries with NUTS 2 2013 

geometries 
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