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Eurostat, the statistical office of the European Union,
collects pan-European statistics based on administra-
tive regions (NUTS), which are organised into a hierar-
chical system consisting of four levels. While this sys-
tem allows easy collection and reporting of statistics
by the responsible national authorities, it is often not
suitable for analytical purposes. Grid based statistics
are proposed as a complementary system.

Based on lengthy experience in some European
countries, and taking advantage of the 2011 census,
a project is currently ongoing to define a European
harmonised statistical grid system, as well to produ-
ce a population grid with a resolution of 1 km2. The
first version of the grid has already been used to re-
vise the degree of urbanisation classification of Euro-
pean municipalities.

Keywords: Grid statistics, degree of urbanisation, popu-
lation census.
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La Oficina Estadistica de la Unién Europea (EUROSTAT)
recopila estadisticas paneuropeas basadas en regiones
administrativas denominadas NUTS, las cuales estan
organizadas en cuatro niveles jerarquicos. Este sistema
facilita la recoleccion y difusion de estadisticas por parte
de las autoridades nacionales responsables, si bien en
ocasiones no es adecuado para la realizacién de anélisis.
Por ello, proponemos las estadisticas sustentadas en ma-
llas como sistema complementario.

Basandose en la larga experiencia de algunos paises eu-
ropeos y aprovechando la realizacién del censo 2011, se
estd llevando a cabo un proyecto para definir un sistema
armonizado europeo de mallas estadisticas, asi como
producir una malla de poblacién de 1 km? de resolucién.
La primera version de ésta ha sido ya utilizada en la revi-
sion de la clasificacion del grado de urbanizacién de los
municipios europeos.

Palabras clave: estadisticas de mallas, grado de urbani-
zacioén, censo de poblacion.
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Introduction

Within the European Statistical System® (ESS) offi-
cial statistics are traditionally reported according
to a hierarchical, four-level system of administra-
tive units (Nomenclature of Territorial Units for Sta-
tistics NUTS,? from NUTS level 0 to NUTS level 3).
NUTS level 3 contains the smallest areas for which
official European statistics are reported and dis-
seminated. The aim of the NUTS classification is to
ensure comparability between regions (European
Commission NUTS 2010/EU27, 2011). However, be-
cause of the administrative basis of the NUTS, there
are marked differences between areas of the same
level in terms of population and size (European
Commission NUTS 2010/EU27, 2011). The most
populated NUTS level 3 region has a population of

1 TheESSis the partnership between the European Union statistical authority, which is the
Commission (Eurostat), and the national statistical institutes (NSIs) and other national
authorities responsible in each Member State for the development, production and dis-
semination of European statistics. http://epp.eurostat.ec.europa.eu/portal/page/portal/
ess_eurostat/introduction

2 The NUTS classification (Nomenclature of territorial units for statistics) is a hierarchical
system for dividing up the economic territory of the EU. http://epp.eurostat.ec.europa.
eu/portal/page/portal/nuts_nomenclature/introduction
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6.1 million, the average population is 384 000 and
the smallest population is 10 000. In terms of size,
the smallest NUTS region covers 13 km? the largest
is 106 012 km? and the average is 3 400 km”. The
NUTS has been used since 1981 and is constantly
being revised to take population changes and ad-
ministrative reorganisations into account. These
frequent revisions of the system make it difficult to
construct statistical time series.

While the administrative origin of the NUTS
makes it a useful system for accounting and for
reporting to the respective authority administer-
ing the territory, the system has limitations when it
comes to analysing the causes and effects of many
socioeconomic and environmental phenomena,
such as flooding, commuting, urban planning and
leisure (Backer et al., 2002).

A system of equal size and stable grid cells in a
grid net with Cartesian coordinates was proposed
in 2002 by Backer et al. to strengthen the analytical
capacity of European statistical data:
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+ Grid cells are all of the same size, to make them
easier to compare.

« Grids are stable over time.

+ Grids integrate easily with other scientific data
(e.g. meteorological information).

+ Grid systems can be constructed hierarchically
in terms of cell size, thus matching the study
area.

+ Grid cells can be assembled to form areas re-
flecting a specific purpose and study area
(mountain regions, water catchments).

In Figure 1, the population density at NUTS 3 level
does not display any density modulation for the area
of Madrid (Spain), whereas the 1 km? grid reveals the
extremely dispersed population distribution in the
region around the Spanish capital.

Modern statistical grids have been used by Na-
tional Statistical Offices (NSO) in Europe since the
early 1970s in Finland (Harala, 1999), and later in
Norway (Bloch Holst, 2010), Austria (Kaminger,
2010) and other countries. However, these sta-
tistical grid systems have been confined to the
national territory of the country, the production
method has not been harmonised, and only a mi-
nority of NSIs have the capacity to produce grids.

A first European population grid has been pro-
duced by the Joint Research Centre of the European

Figure 1

Commission (JRC) with a resolution of 100 m?, using
disaggregation techniques (Gallego, 2010) and data
from the previous census in 2001. The Austrian Insti-
tute of Technology (AIT) has produced a prototype
for a 1 km? disaggregated European population grid
based on the reference year 2006, using high reso-
lution soil sealing data from the GMES?® programme
(Steinnocher, 2011). In 2009, the European Forum for
Geostatistics* (EFGS) proposed a 1 km® hybrid grid
map (Eurogrid, 2009) combining for the first time na-
tional datasets and disaggregated data from JRC to
achieve full European coverage with the best availa-
ble data sources. NASA and the Earth Institute at Co-
lumbia University (CIESIN) have been working on a
global population grid at ~1 km?in the framework of
the land scan project, using a range of data sources
including census data (Balk, 2010).

So far there has been no European population
grid which unites the different national and disag-
gregated grids into one harmonised grid dataset
with the same reference year and comparable data
quality. The challenge is to arrive at comparable
data despite the diverse data sources. The first step
involves developing harmonised data definitions,
production methods and quality parameters.

3 GMES (Global Monitoring for Environment and Security) is the European Programme for
the establishment of a European capacity for Earth Observation. http://www.gmes.info/

4 The EFGS (European Forum for Geostatistics) is a European cooperation platform be-
tween NSIs on the use of geographic information systems (GIS) and the production of
geostatistics in Europe. http://www.efgs.info/

Comparison of population density representations using the NUTS level 3 classification (left)
and the GEOSTAT 2006 1 km’ grid dataset (right)
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Figure 2
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Census 2011 and the GEOSTAT
project

The quality of the population information and the
size of the territory to which the data are refer-
enced are the mostimportant parameters govern-
ing the quality of population grid data (Goerlich,
2012). In many countries, the 2011 population
and housing census has given rise to activities in-
volving the geocoding of population. In particular
during censuses, most NSIs capture data by using
georeferences that are far more detailed than the
officially published data (Valente, 2010).

However, the 2011 Census did not adopt a har-
monised geocoding within the ESS, and the right
of access to georeferenced microdata was not
incorporated into the Census legislation, which
made it difficult to integrate high resolution
microdata from different countries at European
level (see Figure 2).
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The ESS and Eurostat have acknowledged the
importance of georeferenced European statistical
grid data (ESSC, 2012), and are therefore aiming
to develop a harmonised European population
grid dataset. A project, GEOSTAT -representing
the 2011 census on a 1 km? population grid- has
been launched together with the EFGS, the aim
of which is to create population grids for all mem-
bers of the ESS. More specifically, the project will
create a European population grid dataset of the
2011 census developed from national, georefer-
enced micro-data sources (European Forum for
GeoStatistics, 2012). The first phase of the project
has set out a vision for a harmonised European
statistical grid system, evaluated the situation
in the different countries of the ESS, proposed a
roadmap for the implementation and studied the
feasibility of the action. Phase two will test the pro-
posed approach, and phase three will introduce
the production of the actual grid dataset. This pa-
per presents the results of the first GEOSTAT phase
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and shows one application of population grids
in a population-based classification of adminis-
trative units.

User and producer requirements for
population grids

The GEOSTAT project began with an assessment
within the ESS of the current state of affairs as re-
gards geocoding of population statistics and of
the 2011 Census, and of the extent to which grid
statistics are produced and requested. A survey
among users and producers of statistical grid data
in all Member States provided an overview of the
requirements for a harmonised European grid da-
taset (European Forum for GeoStatistics, 2012):

« The most relevant grid cell size at European
level is 1 km?. This represents the optimum
balance between the users’ demand for the
most detailed data and the producers’ re-
quirement to ensure data protection, guar-
antee data quality and respect the business
interests of the statistical offices.

- Data must be available in a single coordinate
reference and projection system.

« With regard to confidentiality, suppression
of critical values is preferred over aggrega-
tion of grid cells.

Table 1

- Data should be provided as a single package
and by one provider, and ease of licensing
must be ensured.

The survey also showed that, as well as differ-
ent production methods (see Methods section),
there are also differences between NSIs when it
comes to disclosure control and business models
for data dissemination. Nevertheless, all NSI were
able to agree on the dissemination of total popu-
lation at 1 km? grid level.

Dataset definition

Based on user input, the statistical dataset has
been separated from the grid net (see Methods
section for the definition of the grid net). The sta-
tistical data consist of one record per grid cell in a
tabular format. In addition to population figures,
a classification of the data compilation approach
(aggregated, disaggregated, hybrid) and the data
source are included in the data to enable an initial
quality assessment. At the level of the dataset, the
quality of spatial data is documented according
to the INSPIRE® regulation on metadata (Europe-

5 The Infrastructure for Spatial Information in the European Community (INSPIRE) has
the aim to create a European Union (EU) spatial data infrastructure. This will enable the
sharing of environmental spatial information among public sector organisations and fa-
cilitate public access to spatial information across Europe. http://inspire.jrc.ec.europa.
eu/index.cfm

Frequency of 1 km’ grid cells per population density class in the GEOSTAT 2006 dataset

Population density classes | Number of 1km? grid cells _ Number of inhabitants _

0 inhabitants per km? 2938055 60.2% 0%
Tinhabitant per km’ 69 560 1.4% 69 560 0.01%
2-19inhabitants per km’ 721187 14.8% 6167 554 1.23%
20-149 inhabitants per km’ 720345 14.7% 42102850 8.38%
150-299 inhabitants per km 155374 3.2% 32981701 6.56%
>300 inhabitants per km* 279995 5.7% 421090 641 83.81%
Total 4884516 100% 502412306 100%

Data source: GEOSTAT 2006.
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Figure 3

Map of the GEOSTAT 2006 population grid
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Figure 4

Distribution of the area according to the distribution of population living in the area.
Data source: GEOSTAT 2006
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an Commission, INSPIRE Regulation EC No 1205/,
2008), whereas statistical data quality are docu-
mented according to the ESMS guidelines.®

In order to study the feasibility of a harmonised
European grid dataset, a prototype’ was pro-
duced using national data sources and European
disaggregated data for the reference year 2006
(see Figure 3) (European Forum for GeoStatistics,
2012). This hybrid GEOSTAT dataset at 1 km? reso-
lution contains the total population of 12 Europe-
an national statistical grid datasets derived from
point data sources (see Methods section). For 18
countries, disaggregation and spatial modelling
techniques have been used, and disaggregated
data have been integrated into the GEOSTAT da-
taset (see Methods section).

6  Euro SDMX Metadata Structure (ESMS) files are used for describing the statistics relesed
by Eurostat. ESMS are based on the Euro SDMX Metadata Structure (ESMS). http://epp.
eurostat.ec.europa.eu/portal/page/portal/statistics/metadata/metadata_structure

7 The data can be downloaded free of charge from the Eurostat website http://epp.
eurostat.ec.europa.eu/portal/page/portal/gisco_Geographical_information_maps/
popups/references/population_distribution_demography
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The grid net covering this territory at a scale of
1:100 000 contains 4 884 516 grid cells of 1 km?
in size. A total of 502 616 606 residents live in the
area of the GEOSTAT 2006 dataset. Data from Cy-
prus were not available for the reference year.

Within the grid net, the population is highly con-
centrated (see Table 1). Only 39.8% of all grid cells
are inhabited by at least one person. The average
population density in Europe is 86 inhabitants per
km?, whereas the average number of inhabitants
per inhabited grid cell is 255 inhabitants. There are
around 70 000 grid cells with only one inhabitant.
The highest observed population per grid cell is
52 898. Around 48.3 million inhabitants occupy
grid cells with less than 150 inhabitants per km?
(occupying 77.6% of all inhabited grid cells) and
81.3 million with less than 300 inhabitants per
km? (occupying 85.6% of all inhabited grid cells).
This means that only around 10% of the European
population is occupying approximately 77% of the
inhabited land, while 90% of the population oc-
cupy the remaining 23%, with a density equal to or
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greater than 150 inhabitants per km?. At the top of
the density distribution, the grid cells with a popu-
lation of more than 5 000 per km? amount to only
0.3% of all grid cells, whereas they contain some 122
million inhabitants, i.e. nearly 25% of the population
in the grid.

This is further illustrated by the Lorenz curve,
which represents the share of the territory covered
relative to the share of the population living in the
territory (Figure 4.). The graph is far from the diago-
nal which represents an equal distribution. Thus,
80% of the territory accommodates 2% of the pop-
ulation and, at the other end of the scale, 4% of the
territory accommodates 76% of the population.

Validation of disaggregated grid
data

With the availability of quality assured grid data
from NSls, it is possible to assess the quality of
modelled and disaggregated data available for the
same area. We compared data from 10 NSIs® with
disaggregated data available for the same coun-
tries from the AIT dataset (see Methods section).
The data were compared by calculating the Total
Absolute Error (TAE) as follows (Gallego, 2010):

TAE = Z PP |
i

It should be noted that the maximum theoreti-
cal error is twice the population (Gallego, 2010).
The total absolute error for the 10 countries is 62.5
million inhabitants which, in relation to the total
population of the study area of 214.2 million, yields
a relative error of 30% of inhabitants who are not
placed in the correct grid cell. There are 45 extreme
cases, where the difference per grid cell is higher
than 10 000 persons, and only 37% of the grid cells
have an error of less than 10 persons. However, the
error figure does not assess the range of the mis-
placement which could result from the neigh-

8  Austria, Estonia, Denmark, Finland, France, Norway, Poland, Portugal, Slovenia, Sweden.
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bouring cell. The maximum possible range for
misplacement errors is controlled by the size of
the reference area used for the disaggregation.
In general, thinly populated areas are overesti-
mated in disaggregated data and densely popu-
lated areas are underestimated. These errors are
intrinsic to the production method (Gallego,
2010), but could be minimised if smaller refer-
ence areas were used (Goerlich, 2012).

Application of population
grids for defining the degree of
urbanisation

The ESS uses regional typologies based on pop-
ulation densities and urbanisation for the analy-
sis of regions and for collecting statistics. One
of the most widely used typologies at European
level is the Degree of urbanisation classification
(DEGURBA) of local administrative units level
(LAU)® (Eurostat Regional Yearbook, 2010).

The DEGURBA distinguishes between three
types of areas (see Figure 7 as an example):

« Thinly populated area (rural area).

 Intermediate density area (towns and sub-
urbs/small urban area).

- Densely populated area (cities/large urban
area).

This classification is used in several statistics,
such as those on employment, demography,
social and living conditions, mainly in order to
build territorial aggregates that are different
from the NUTS." The classification question is
included in two of the most important surveys
at European level, namely:

9 To meet the demand for statistics at local level, Eurostat has set up a system of Local
Administrative Units (LAUs) such as municipalities. The system of LAUs is aligned with
the NUTS system. http://epp.eurostat.ec.europa.eu/portal/page/portal/nuts_nomen-
clature/local_administrative_units

10 Asan example the table “Number of households by degree of urbanisation of residence
and NUTS 2 regions (1 000) [Ifst_r_Ifsd2hh" is aggregated by degree of urbanisation
http://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=Ifst_r_Ifsd2hh&lang=en
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Figure 5
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Figure 7

New DEGURBA classification of LAU in Belgium
(source REGIOGIS)

« Labour Force Survey (LFS)."
« EU Statistics on Income and Living Condi-
tions (SILC).™

The old classification that was commonly used
for the DEGURBA was based on population sizes,
population density, and population contiguity of
LAUs. This classification has been criticised for ig-
noring the dilution effect of extremely large LAU
(Eurostat Regional Yearbook, 2010). For example,
a very large LAU (2 517 km?) in Sweden with the
university town of Uppsala (140 000 inhabitants)
was classified as rural. This distortion between
countries due to variations in LAU size reduced the
comparability of areas and statistics even further.
For example, under the old classification, around
85% of the Belgian population was classified as
urban (see Figure 5). However, as demonstrated
by the GEOSTAT 2006 dataset and land cover and
land use statistics,” large parts of Belgium are ru-
ral as far as population density and land use are
concerned.

11 The EU Labour Force Survey (LFS) is a large sample survey among private households
which provides detailed annual and quarterly data on employment, unemployment and
inactivity. http:/epp.eurostat.ec.europa.eu/portal/page/portal/employment_unem-
ployment_Ifs/introduction

12 The EU-Statistics on Income and Living Conditions (EU-SILC) instrument is the EU ref-
erence source for comparative statistics on income distribution and social inclusion at
the European level. http://epp.eurostat.ec.europa.eu/portal/page/portal/income_so-
cial_inclusion_living_conditions/introduction

13 http://epp.eurostat.ec.europa.eu/cache/ITY_PUBLIC/5-04102010-BP/EN/5-04102010-
BP-EN.PDF
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The European Commission therefore decided to
revise the classification using the GEOSTAT 2006
grid, thereby eliminating the effect of LAU2 sizes
(see Methods section).

As aresult, although according to the old clas-
sification 46% of EU citizens lived in urban areas,
26% in intermediate areas and 28% in rural ar-
eas, this distribution changed to 40% in urban
areas, 32% in intermediate and 28% in rural areas.
Hence, at EU level the population of urban areas
has decreased significantly, and this decrease is
offset by an increase in population in intermedi-
ate areas.

For some individual Member States, the differ-
ences between the old and new classification can
be substantial. Those with a very high share of
population in urban areas are seeing their popu-
lation share decrease in urban areas, particularly
in Belgium (see Figure 5, Figure 7).

Those Member States with a very low share of
population in rural areas, such as Belgium, Estonia
and Czech Republic, are seeing their population
share increase in rural areas (see Figure 6). More-
over, Member States with very high proportions of
their population living in rural areas and very large
LAU2s are seeing a reduction of their population
in rural areas, particularly in Sweden, Finland and
Denmark.

Summary

Through the GEOSTAT project, Eurostat and the
EFGS are proposing a methodology and data defi-
nition together with a roadmap for a European
population grid dataset. The project shows that the
work of NSls in preparing the 2011 census enables
1 km? population grids of total population to be
produced, if the registers used for the census are
either georeferenced or can be matched to georef-
erenced datasets. The project also shows that a
larger number of NSIs can cooperate in creating a
European grid dataset. Hybrid datasets yield high-
er quality than European disaggregated datasets
alone, and therefore represent a valid approach to
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striking an acceptable compromise between full
territorial coverage and comparable quality. Future
work will seek to extend the dataset to include ad-
ditional attributes collected in the Census, and to
involve more NSIs. The issue of data confidential-
ity, which is now under national responsibility, will
have to be addressed at European level, particular-
ly where attributes other than total population are
concerned. A business model for European data
dissemination will have to be developed.

Geocoding of statistics, and grid statistics in par-
ticular, will play an increasing role in creating new
information or better quality information from ex-
isting statistical data, and will help to generate a
wealth of new information from official statistics
that would otherwise be costly or difficult to create.

Methods

The 1 km? grid net used for the GEOSTAT 2006 pop-
ulation grid follows the definition as laid down in
the INSPIRE Regulation on the interoperability of
spatial data sets (European Commission, INSPIRE
Regulation EC No. 1089/2010, 2010) and the re-
lated technical guidelines (European Commission,
INSPIRE Guidelines D2.8.1.2, 2010).

NSIs produced grid statistics from georeferen-
ced point datasets —-mainly buildings and address
registers— to a high degree of spatial accuracy.
Registers with sufficient accuracy and reliability
are available in Austria, Denmark, Finland, The
Netherlands, Norway, Slovenia and Sweden.

In cases where population registers could
not be georeferenced directly and uniquely,
different administrative files such as building
registers, address registers, tax registers and ca-
dastres were linked, with at least one of these
registers being georeferenced. Results had to be
corrected for differences in the reference dates
of the files, and missing locations or persons in
the various files, which were mostly due to dif-
ferences in definitions. Country-specific models
were developed for these corrections (European
Forum for GeoStatistics, 2012). This approach
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was adopted by the following countries: Esto-
nia, France, Poland, Portugal, United Kingdom
(England and Wales).

The Austrian Institute of Technology (AIT)
produced a disaggregated data set for the fol-
lowing countries: Belgium, Bulgaria, Czech Re-
public, Germany, Greece, Hungary, Iceland,
Ireland, Italy, Latvia, Liechtenstein, Lithuania,
Luxembourg, Malta, Romania, Slovakia, Swit-
zerland and the United Kingdom (Scotland and
Northern Ireland) using a method by Steinno-
cher et al. (2011). The disaggregation model is
based on population per LAU2 (LAU1) 2006, the
EEA Fast Track Service Precursor on Land Moni-
toring—degree of soil sealing 2006 (© European
Environment Agency), the LAU2 administrative
boundaries (© EuroGeographics), Corine land
cover 2006 (© European Environment Agency)
and Open Street Map data (Geodaten © Open-
StreetMap). An assumption was made that popu-
lation density is proportional to housing density.

For Spain, the University of Valencia/IVIE &
Polytechnic University of Valencia produced a
disaggregated data set, based on population per
enumeration area for the reference year 2006 and
the SIOSE land cover/land use database (© IGN)
(Goerlich, 2012).

Figure 8
Concept of grid cell contiguity
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The reference grid net has been produced as a
spatial intersection with the European landmass
and national boundaries (© Eurogeographics)
on a scale of 1:100 000. Participating NSIs have
checked the grid net for completeness.

The new DEGURBA typology builds on a sim-
ple two-stage approach to identify population in
urban areas (Eurostat Regional Yearbook, 2010):

« A population density threshold (300 inhabi-
tants per km?) applied to grid cells of 1 km?.

« A minimum size threshold (5 000 inhabit-
ants) applied to grouped grid cells above
the density threshold.

In order to determine population size, the grid
cells are grouped on the basis of contiguity (in-
cluding the diagonals). If the central square in
Figure 8 is above the density threshold, it will
be grouped with each of the other surrounding
eight cells that exceed the density threshold.
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