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0 Executive Summary

Embedded into a long-term strategy within Eurosatl the ESS to integrate spatial
information and statistics, Eurostat launched il@®Q@he ESSnet project "GEOSTAT -
representing census data in a European populatt@h dataset”. The project aims at
geocoding various population characteristics intdkan? grid dataset and for this takes
advantage of the 2011 Census. The present GEOSPAdrdject has the aim to develop a
vision and the the methodological foundations fpopulation grid dataset.

User needs have been collected on the basis of yearg' experience in the countries which
provide data on grids and where the grid data aesl dor various issues of analysis by the
statistical offices themselves, other public autles and the commercial market.

Furthermore, the preconditions and possibilities desaggregating data in the non-grid
countries have been investigated.

Based on the user needs the action has develogediata specification and suggested
solutions for core concerns such as map projectiblesquestion of scales, the coding system,
methods for spatial analysis, methods for delimeatand confidentiality issues.

The project has described and tested disaggregatidnaggregation algorithms, INSPIRE
specifications and data protection rules for popotagrid data (both disaggregated and
aggregated) and. A first set of methods to procarenonised grid data has been put forward
in this report.

At this stage the project has concentrated on totgdulation. Ongoing development of
address files and geocoding of buildings togethién e census data of the year 2011 will
give more opportunities to extend grid data vagabl

In most countries data are published in a natiagal system based on their national
reference system. On a European level the Grid_BBR3\EA, as defined by INSPIRE, is
now accepted and GEOSTAT has therefore decidedltect data in the 1km grid of that
system.

Disaggregation methodare used when global or European-wide populatiaas gare made.
The choice of source data is dependent on datdabilay and the size of the grids in the
final output. Support for the development and minent of disaggregation methods in
cooperation with research institutes has been gwamsure that a full European coverage of
the GEOSTAT 1A dataset can be reached.

The GEOSTAT project has examined a common procésguality assessmenQuality
assessment has to include different approachegr@auc, statistical, production, standards,
etc.) The assessment also differs according toddia sources. If grid-based data are
nationally available they are produced by quiteetsified methods and by different types of
data sources. Documentation of the quality of dsdarces tends to be quite poor and
production methods are just developing.

In the area ofyrid-based statisticthere are two major perspectives: one is the tyualfiits
georeferenced source data and the other is théyqoélthe production process. INSPIRE
mainly standardises metadata descriptions andtguaéasures concerning georeferences and
spatiality, focusing on elementary data accuracyttiese topics. But the statistical world has
its own standards (SDMX). The quality of grid dathould be described from both
perspectives.
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The objective of the action has been to spreadtriba/ledge and results gained in the project
to the ESS. The EFGS websiteww.efgs.infg has been used for all digital publishing. The
EFGS functions as a professional reference grouthtoGEOSTAT 1A ESSnet project. The
action has made sure that non-participating coestbenefit from the experience and are
encouraged to adopt and implement the approach.

During the GEOSTAT 1A project several NSIs havetgbated on a voluntary basis, and
many NSIs have nominated a national contact pefi@ogrid initiatives. The EFGS network
now consists of national contacts from 32 countries

To make the action sustainable, support from th® BE&s been requested, among other things
to solve organisational issues such as common feledhandling confidentiality and to
motivate more countries to produce national grichskets using national data sources.

Special attention is required to ensure that gaihskets can be produced not only from census
data every 10 years but that the datasources atatagp continuously and will allow the
production of grid datasets at shorter intervals.

‘One package — one provider’ is the preferable teagbtain data conveniently and quickly.
The project has disseminated population grid dgta knt free of charge via the EFGS web
site. The goal of the EFGS is to act as a hub $ersiof grid statistic8usiness modeldiffer
from one country to another. With a view to estliihg ‘one package — one provider’, a
comprehensive business model should be developadaliow-up project. The ultimate goal
remains to distribute the GEOSTAT dataset freeostsand without usage restrictions in the
same way as statistics in the ESS.

No restrictions will be applied to the publicatiohtotal numbers such as the total population
figure, the total number of buildings and the totaimber of dwellings Confidentiality
problems become more obvious when the amount adblas to be gridded is extended or
when data are delivered by grid sizes smaller than?. There is an urgent need for further
development and harmonisation of disclosure comtreihods for spatial statistics by grids.
Future work will include finding a solution for filmer variables, in particular those which
break down these total numbers (e.g. populatioageygroup and sex...).



The European Forum for GeoStatistics — ESSnet pr@&OSTAT — Representing Census data in a
European population grid

1 Why GEOSTAT? - The Vision

‘Vision without action may be seen as a daydreauhabtion without vision is undoubtedly a
nightmare’ (Japanese proverb).

Limits to growth

One of the fortunate results of the ‘European mtojis that our solution to the problem of
production has been so successful that it is @biadre than sustain the steady growth in the
human population that it fuels. The challenge iat tateady growth means exponential
functions, and exponential functions are not sustzle.

We, the global community, have now reached a poihistory where our limited reserves of
non-renewable resources will sooner or later farsdo apply the brake on both economic
growth and population growth. We should meet thedlehge by exploiting every opportunity
with purposeful, well-orchestrated rational measubased on shared systems of qualified
knowledge and in accordance with scientific methas information and knowledge must
be as comprehensive, detailed, frequent, and dgeets possible and must receive the
support of a global information infrastructure.

Responsibility in the hands of public authorities

Responsibility for defending the general interesthe global community lies with public
authorities and not with a ‘market’ of selfish eoaric interests. Our governments must
provide the necessary leadership and informatiahlaave it to the market to develop the
means to drive our civilisation forward. Introdugireffective measures to restore our
economy's natural foundation will mean setting tgib urban sprawl, restoring the natural
fertility of the earth, returning to sustainable tera management and implementing
reforestation programmes, sustainable fisheries, et

Co-evolution of man and nature

Buckminster Fuller's ‘Spaceship Earth’ metaphorcdées the earth as an integrated man-
environmental system (MES). MES are too complelzeaesigned and built in one go. They
must evolve and adapt through constant evolutiopaogesses which have to be carefully
designed, providing a scheme for the necessaryctieduof complexity. The most efficient
way to reduce complexity and develop MES is thewbamachine (DM) process that can be
described as an interactive evolutionary method.

For this method to function, the following intercmcted elements have to be present and
work together:

* MES, a concrete system whose development is uhdeesponsibility of a
*  GOVERNOR, an institution which for its direct amtlirect measures relies upon a
* GGl (Global Geolnformation system), a shared sysiéhgh-quality knowledge.

Their interaction is governed by the principle #arning by doing’ which means that both
the MES and the GGI are constantly being improvétl each iteration. For this interactive
approach we need to design and develop the besibfmformation system and develop it
over time according to experience gained and cingngger needs.
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The GGI (‘If you cannot describe it, you cannot egeit’)

For it to function properly, the ‘Darwin Machinepjroach to the evolution of complex MES
requires a reliable foundation for the GGI. The GGhtains a description of the ‘narrative’
consisting of operational models of the MES. Theselels depend on the integration of the
characteristics of objects (static models) and tinééraction (dynamic models).

This objective cannot be achieved without a comgmelve information model and
infrastructure to feed spatial and temporal mod&ts characterise objects comprehensively
the GGI will therefore have to support three basicrmation types:

» geosemantic information (e.g. alphanumeric texts);
* geostatistical information;
» Geospatial information (geographic map features).

The world of geostatistics is primarily the abstraorld of OD (point objects) geosemantic
and geostatistical information, not to be confuséti concrete 1D, 2D & 3D (spatial objects)
geographic features modelled in the INSPIRE projdcthey are to provide proper raw
material for (1D-3D) spatial or temporal (4D ob@ctodelling and analysis, these worlds
should be integrated but kept as separate compan&otordingly, all microdata should be
stored in the geostatistical world of points anddgyror alternative systems of regular
tessellations.

Hence, geostatistical information is the foundationall spatial descriptions of objects, just
as a forest is primarily a cluster of trees, aralfthvest as a geographic feature is a delineation
of that cluster. Similarly, raster satellite imagesl statistical grid datasets belong to the same
geostatistical world to be processed by spatidissizs and ultimately mapped for illustration.

A vision for both the INSPIRE and the GEOSTAT [teje

Although the GEOSTAT system is abstract, it is v@mple. It is based on the study of points
registered in space and time. Geostatistical inftion and point-based statistics as proposed
by the GEOSTAT project constitute the informatiorfalndation for all GGI (Global
Geoinformation) systems.

The current work also aims to provide a visionldoth the GEOSTAT and INSPIRE projects,

primarily integrated in the building of an operatiGGl that may serve as the foundation for
transforming the earth into a Darwin Machine. Timay serve as a vision not only for this

GEOSTAT project but also for the INSPIRE projed veell as any future EU-GGI that may

be developed from the contents of the INSPIRE aesi@long the lines presented above.

10
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2 Background and introduction

The GEOSTAT visiois to have a combination of grid-based statistiyatems which meets
needs at different geographical levels, from thgonal and continental level to the global
level. These systems will serve different purposesthe topics of interest vary with the
geographic window in use.

The GEOSTAT actiors about developing guidelines for datasets anthods to link 2011
Census statistics to a common harmonised griddBigilon the network and results produced
by partners in the European Forum for GeoStatiditisGS, www.efgs.info ), the main
objective is to prepare guidelines for others tdofe when producing national gridded
population statistics.

Today an increasing number of national statistioatitutes have the ability to produce
statistics for very small areas (Figure 1). A pahteparture is that NSiIs usually have access
to more detailed information about the spatialrthstion of their population than institutes,
which have made global or European efforts to edtnand model population by grids. At
least during censuses most NSIs capture data Img umoreferences that are even more

detailed than the officially published data.
A
{7
=g P e 0

Detailed (bulldings, addresses)
I:I georeferences available

Detailed georeferences partly available or
they are a part of the plan of 2010 census

- Only temitorial georeferences available
|:| No information available

0 800 km e
p e

Ma
Ve < g, 4

Regional division as on 1 January 2008, Source: Eumsi:!__' Map data: @ EvroGeographics for the Ee.ropean adminisfrative boundaries

Figure 1: Available georeferences on Census 2011tda

The use of geographical grids for displaying pofiola concentrations is not a new idea.
Several early examples of this may be found in century statistical atlases. However, it
is only recently that it has been possible to maiqgulation maps covering larger areas, such
as Europe, in a continuous and harmonised wayO04 2he JRC released the first version of

11
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this kind of map, based on disaggregation techisigdewever, although it does cover large
parts of Europe, there are limits to the accuratyhe JRC population grid and to its
possibilities for displaying further demographiaiahles. Hence, further work has to be done
to deliver demographic maps that are more accuanadewith more variables attached. The
ongoing georeferencing of population census datviges opportunities for such an
approach and as such the 2011 Census represenigu& wpportunity to achieve very good
progress here.

The main issues in harmonising various datasets tlifferent countries are the variations in
national geographic projections and grid codingtesys, data interoperability between
statistics and spatial data, the different timenspéor updating demographic data, data
quality, the range of methods for handling confitldity and the diversity of business models
and licensing policies of the Member States fotistiaal data.

2.1 Objectives of the GEOSTAT 1A grant
The GEOSTAT 1A project has the following objectives

e« Based on user input develop a set of methods, taots guidelines to create
harmonised data sets.

* Create - in preparation of the ultimate goal tot gle results of the 2010/11 year
European censuses on km2 grids - a population upgidg existing population data
sources.

* Prepare a vision document for a spatial data itriregire for Geostatistics.

* Contribute to the integration of GEOSTAT with allajor other major European
information systems (GMES, INSPIRE, SEIS etc.) tiglo participation in
conferences, meetings, studies, prototypes.

« Disseminate and share the results from the GEOSIrAject among NSI.

12
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3 User and producer needs and requirements

So far grid statistics have been very much a maiterational concern, and production and
user needs have been based on the experiencedialiml organisations or even project

managers. Until now there has been no overviewm@Buropean context. In order to increase
knowledge about user needs in the Member Statebesigractices in national organisations,
two web-based surveys — Data Users Survey and Bratducers Survey — were carried out
between September and November 2010. Besidesrgaahiout users' needs for grid-based
statistics, the surveys included questions on Wadability of grid-based statistics and related

conditions of dissemination in Europe. The repfresn the surveys were the starting point
for formulating the requirements for a Europearteysfor grid statistics.

3.1 Survey results

3.1.1 Data User Survey

The scope of the data user survey included questionthe organisational context of the
respondent, the type of studies for which gridsenesed, the most relevant grid cell sizes, the
geographical area of interest and on acceptablgeusanditions, confidentiality management
and data access conditions. For more details ptefeseto Annex 9.1.

The answers from 45 respondents from the goverrahgnivate and academic communities
proved that the demand for grid-based statistitségl in a number of different fields ranging
from the environment to telecommunications and thedlhis multiplicity of usage fields
indicates the importance of the spatial distributad the population in general and of grid-
based population statistics in particular. Accogdio the respondents, one of the key assets of
grid-based statistics was its independence of adtrative borders.

The majority of respondents used grid-based stisvr the purposes of spatial analyses.
Users mainly need population, housing and econeani@bles on the basis of grids. The fact
that grid-based statistics were available in déferresolutions corresponding to the scale of
the study area highlighted its significance foruaate spatial analyses. This explained the
greater importance of 1km2 or smaller grid celesizMoreover, there was a clear correlation
between area of interest and grid size. Data wgeoswanted the grids for areas of a country
and smaller prefer the smaller grid sizes up ton@5@hile those needing the data for groups
of countries or continents preferred 1km grid selks.

13
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No answer Not important M Important B Very important

45
a0 6 v 6 8 8 8 8 8
35 +— —
30 - 14 16 —
25 4 26—
20 - —
15 -
10 -
: 1l
0 - ‘

1000or 2000or 500m 2or km 10km 25km 50km 100km

125m  250m 2,5km

Figure 2: Importance of various grid sizes as sedwy data users.

On the other hand, in the case of very small geiltl Kizes users pointed to the issue of data
loss due to disclosure control. In the replies éhetas a clear preference for disclosing
absolute figures of population and buildings. Inrte of the best disclosure control method,
the replacement of undisclosed values with fixechimum values, for instance, was
considered more appropriate than aggregating gtld to larger cells. As regards data access
and usage conditions, users were not satisfied thiéh way data were made available.
Therefore ‘one package — one provider’ was thegoretl way to obtain data conveniently
and rapidly.

3.1.2 Data producer survey

The data producer survey was addressed to thetakgh®lders in Europe involved in the

production of grid statistics. In order to matcle thser survey, the topics covered by the
producer survey included a description of the geplgical and statistical base, such as
registries, the georeference plans for the upcomerngus and for statistical data, grid cell

sizes, projection systems, how disclosure contra$ \managed, and how data were made
available to users. The survey also asked aboutefytlans concerning grid statistics, in

particular around the census.

In all, 19 organisations replied to the survey.tid 19 a total of 16 have produced, or are
going to produce, grid-based statistics from tiseiite of the 2010/2011 census.

According to a consultation carried out by Eurostatiovember 2009 (Figure 1) and the data
provider survey, the Member States can be cladsifiehree groups according to available
georeferences to be used for grid-based populatairstics.

* The first group includes countries whose censua dah be georeferenced by using
detailed coordinates of address points, buildinggal estates.

14



The European Forum for GeoStatistics — ESSnet pr@&OSTAT — Representing Census data in a
European population grid

 The second group includes countries who are inpitoeess of adapting detailed
georeferences or whose detailed georeferencingriyppiies do not cover the whole
country.

* The third group includes countries which collecpplation data by enumeration areas
of different size. For these countries the censatsa dan be georeferenced only at
territorial level of variable sizes.

Most countries publish the data in national gridtegpns based on their national reference
systems. The advantage of this is that integratibim other national geolayers is ensured and
grid cells are squared. However, the majority & tespondents also consider the one-grid
system and Europe-wide harmonisation to be impbead most agree that there should be a
grid dataset available covering the whole of Eurdpere it is necessary to take into account
different situations regarding the availability géoreferenced data of higher resolution,
national legislation or internal NSls regulations siatistical confidentiality. Sometimes it is
necessary to maintain several grid data disseromatystems. However, most organisations
would like to avoid having to maintain several syss, as their upkeep it involves additional
work.

Producers rated grid sizes up to 1km as the mdsvaet (Figure 3) for meeting users'
requirements (see Figure 2). For grids larger th&m the importance declines as grid cell
sizes increase. Grid sizes of up to 10km are stifisidered fairly important, while grids
larger than 10km are mostly seen as not important.

No answer Not important M Important B Very important
45
6 7 6
40 — 8 8 8 8 8 8 8
35 +— —
30 - 14 16 —
25 - 26—
20 - —
15
10 —
5 | I
0 - ‘
100or 2000r 500m 2or km 10km  25km  50km 100km
125m 250m 2,5km

Figure 3: Availability of datasets in various gridsizes.

For reasons of data confidentiality and nationah ghaotection acts, almost all data producers
face certain restrictions in their disseminatiorgdl statistics. Generally, it can be concluded
that data providers differentiate between more lasd sensitive data and define accordingly
the thresholds for variables and corresponding ¢gltisizes. This corresponds to availability
in most grid countries, where data such as totpufadion figures, number of buildings and
dwellings are generally available on the basisrimfsg for grid sizes of 1km or even smaller.
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However, as a general rule, the data are releasdumder certain conditions, such as
entering into permission agreements, making paysnentreferencing to NSIs. The survey
also revealed various approaches to determiningsitinadlest grid cell size for presenting a
particular data variable. Various methods are m a#l of them with disadvantages — either
loss of data or loss of spatial accuracy. The rfreguent method for dealing with disclosure
control is suppression (38), where undisclosed values are replaced by anotimaber or
character. Although this method results in lossdafa, the grid size remains the same
throughout the dataset. A proportion of 28% usentie¢hod of aggregating grids, where grid
cells with confidential data are merged with otged cells until the confidentiality threshold
Is reached. The resulting data layer contains goidslifferent sizes filling up the whole
territory. The respondents acknowledged that tlverdity of approaches was an issue and
that European standards were required for handiordidentiality for grid data. Most grid
data providers update their datasets annually.

Business models differ from one country to anotBemme data are freely distributed; in other
cases a fee is requested for delivering data iardadpay for the production of the statistics.
After the census, grid data will primarily be disseated in the form of tabular data formats
and GIS formats as file-based data downloads. Aontin still intend to publish view
services. Conditions for using view services inedlewer thresholds than download services.
When data is to be downloaded, further restrictisugh as payment or granting permission
to use by the provider, are then applied for vignservices. For 12 of the 19 data providers
the distribution of data by viewing services isefref any restriction (public domain) or
requires a reference to the NSI only.

3.2 Data specifications

It is very clear from both the data user and th@ gaoducer surveys that the most important
requirement from public authorities and marketeasmonisation of data in terms of format,

scale and access, and maximum comparability ofymtomh methods and data quality. The

main issues in harmonising different datasets fnamous countries are: differences in

national geographic projections, grid coding systedata interoperability between statistics
and spatial data, different time spans for updatiagmnographic data, data quality measures,
confidentiality issues and data dissemination polion the basis of the survey results, a
common denominator of what is both desirable arabkifde has been derived and the
following recommendations can be made with regardgtid-based statistics and their

publication.

3.2.1 Map projections

Projection systems in use in the Member Stategtimmised for the territory of the country.
To match other national geolayers, national gretesys used by national statistical institutes
are constructed in the national projection systéne fact that grid cells are square shaped in
most cases is an advantage. As the surveys shdweahonising map projections at the
European level for all countries leads to contriaicrequirements in terms of data storage
and data analysis.

» Data producers do not want to maintain two data®asdifferent projection systems.
» Data users at the European level want a singlesgstem for all countries.
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e Grid cells in all countries should be squared foalgsis purposes.

National data producers will continue for some titnemake their data available in their
national systems. Generating an isolated datasatgid in a European system which differs
from the national system will hinder integratiorttwother data.

The adoption of a harmonised European system intiaddto national systems is not
possible, as simply reprojecting national grid® iatEuropean projection system will distort
the formerly square grid cells. Publishing statmtidata on the basis of two different grid
systems, one for national users and one for Europsars, is often not possible as the work
involved in maintaining two storage systems woutdelmormous and the combination of the
same information in two different projection systemight lead to confidentiality leaks.

Given that national grid systems are only now bestablished in many countries and that
INSPIRE is not fully implemented in Europe, the GEAT project proposes to maintain a
three-tier structure for the national, European glotal levels for a transitional period. In the
long term, once INSPIRE is fully implemented andloaatic transformation services for all

European spatial datasets are established, it nighpossible to switch to an entirely

European system.

The smallest grid sizes (up to 1km) are mostly iadpin a local to national context.
Preserving national coordinate and grid systeraségptable here and meets the requirements
of national users for squared grids and integratiith other national datasets.

At the European level, the Grid ETRS89-LAEA (Lanthehzimuthal-Equal Area
projection) defined by INSPIRE has gained accemaltico direct aggregation from national
point data sources into the INSPIRE grid is possithe GEOSTAT project proposes to
convert national grids into the INSPIRE 1km? grad the European GEOSTAT dataset. A
method which takes confidentiality issues into cdestion is presented in Annex 9.4.

On a global scale, the European ETRS89-LAEA gridassuitable. In Backer et al. (in print)
a global system based on the UTM projection is gseg with harmonised projections and a
unique coding system.

Recommendation 1. Grid data for the European GEOSTA dataset should be
referenced to the European Grid Grid_ETRS89-LAEA 1K

3.2.2 Grid sizes

Regarding the recommended size of grid cells, lkppears to be a good compromise
between data availability, data confidentiality asdtability for national to European study
areas. The project also recommends introducingnadiate grid sizes based on a two-level
quadtree (i.e. 25 and 500n as subdivision of the 1km grid).

Recommendation 2: The GEOSTAT grid dataset shoulddve a grid cell size of 1km?.

3.2.3 Coding system

The coding system is very important for unambiguaisrencing and identification of a grid
cell as well as for ensuring a clear data linkagevieen data and its geographic reference. The
code must include all the positions of a grid amel size. A coding system requires a set of
unique identifiers within each reporting area (&gropean, national or subnational area).
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As mentioned above, a three-tier system of grigeaposed. This requires a coding system
for each grid system. National and subnational gygtems may continue to use their national
coding systems. However, for the harmonised Eumop8&OSTAT population grid the
INSPIRE grid coding system is mandated as defingde INSPIRE Data specificatiohs.

Recommendation 3: For unambiguous referencing anddentification of a grid cell, the
cell code should be composed of the size of thelddl and the coordinates of the lower
left cell corner in ETRS89-LAEA should be used). Tk cell size should be denoted in
kilometres (‘km’) for cell size 1km. Values for notthing and easting should be divided by
1000. The cell code ‘1kmN2599E4695’ identifies thekm grid cell with coordinates of
the lower left corner: Y=2599000n, X=4695000m.

3.2.4 Confidentiality

Most national statistical institutions are subjexttheir national legislation and must keep
personal data confidential. This usually means thahould not be possible to identify an
individual or single unit (building, employee, diwed, business etc.). The smaller the
reporting area and the lower the number of unitghie area, the more important data
protection is. In rural areas in particular, tataunts of population or buildings are often very
low in small grid cells. Disclosure control regudeis to guarantee confidentiality are
therefore an inevitable issue. When population data presented on a 1 km?2 grid, for
instance, many grid cells will only have 1 or 2 ebstions in rural areas.

There are several different solutions to this pgablhich are used in national grid systems
(e.g. Austria,? Denmark,® Estonia; Finland,® Ireland® and Norway.” See also data
protection chapter), all of which are valid withfdrent side effects.

Using methods which do not display all inhabitedd gecells is considered to be rather
unsatisfactory for users.

According to the user survey, methods that chahgetid size and/or shapes are also thought
to be impractical and less user friendly.

Basing thresholds on the number of residents cgrdddematic in relation to variables other
than residents (households, buildings, employe&sn in isolation it would not run counter
to the confidentiality rules to say that there mdyoone resident within a square kilometre.
However, if at a later stage it would be of intéresadd other socio-economic variables, it
would be more difficult, when the value is so ldw,release this information when the exact
number of persons in a cell already exists.

Some countries (e.&lovenig publish absolute numbers (population, buildirdysellings...)
without restriction at any scale (e.g. 10@rids) and the confidentiality rules are only lggab
to further socio-economic variables.

! See: D2.8.1.2 INSPIRE Specification on Geograph@radl Systems — Guidelines.
2 www.statistik.at/web_en/statistics/regional/regiobaeakdown/statistical _grids_etrs_laea

3 http://www.dst.dk/kvadratnet
4 https://www.riigiteataja.ee/akt/13332259
5 http://tilastokeskus.fi/meta/tietosuoja/index_emht

©1993 Irish Statistics Act; No formulated disclosuules yet, but they will involve combining a griith an adjacent grid
depending on the population and analysis.

! Presentation held at EFGS 20®@vw.efgs.infa
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For the immediate purposes of the GEOSTAT 1A ptojewas agreed among the project
partners that the 1km?2 resolution can be considierde sufficiently aggregated to be in line
with all national data protection acts and thatvlimg only the total number of inhabitants
does not amount to the release of confidentialrmédion. No restrictions will therefore be
applied to publishing total numbers, such as thal tpopulation figure, total number of
buildings and total number of dwellings.

Future work will involve finding a harmonised sotut for a 1km2 grid dataset of the
European 2011 census with socioeconomic variabteerothan just total counts (e.g.
population breakdowns by age, group and sex).

Recommendation 4: For the European GEOSTAT datasedt 1km? the total population
should be disclosed without restrictions for any gd cell. The GEOSTAT project
recommends that data protection measures should depd on the sensitive nature of the
variables. Absolute counts of the statistical units(such as number of inhabitants,
households, buildings, workplaces) should be dissamated without any restrictions,
even for the smallest grid sizes.

3.3 Data dissemination

In the user survey data users of cross-boundaryeanopean datasets clearly expressed their
preference for a 'one provider one package' approdte European Forum for Geostatistics
has now gained enough recognition and visibilityoagmusers to be considered the reference
provider of the GEOSTAT dataset. In addition, Etabsvill promote the GEOSTAT data set
on its website and guarantee access.

In line with Eurostat's free dissemination policyr fstatistics, all the partners in the
GEOSTAT project agreed to make the 2006 GEOSTATagdt for the total residential
population at 1km2 available free of charge withany restrictions on access.

European datasets are large and often heavy teggodsers may want to process the data in
a software package other than a GIS. The easigstommake the data available is in a text-
based file which contains a unique spatial refezerore, the INSPIRE grid of the grid cell. A
spatial reference grid net will be available foeating the spatial join between statistics and

geography.

Documentation relating to the dataset will be iea INSPIRE metadata schema in a separate
metadata file shipped with the dataset. Where 8patational usage and access conditions
exist, they will have to be documented in the ‘Gtinds for access and use’ field of the
INSPIRE metadata standard.

Recommendation 5: The GEOSTAT dataset may be dowrdded free of charge and
without access restrictions in a package of a .cdNe with the statistical data, a grid net

shape file and an INSPIRE metadata file in 1ISO1913@ncoding. The dataset may be
downloaded from the EFGS or Eurostat websites.

3.4 Data update frequency

Most countries update their official population urgs annually. A shorter time is not
necessary for the type of analysis that should dreebby the GEOSTAT grid. Moreover,
since disaggregation of population data will cominto play an important role in many
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countries for a number of years, the referencesyfarthe population grid will have to follow
the timeframe imposed by the availability of thderence data of the most important
auxiliary datasets. This refers mainly to airboamel satellite data on land use and land cover
such as CORINE or the Soil Imperviousness layerchvare normally produced only every 3
to 5 years.

The reference date for the population should bestmae for all countries and should be
aligned with the reference date of the geometrgesidor the disaggregation, i.e. the census
tracts or the communal boundaries. In most casesvili be the first of January in any given
year. However for the 2011 Census, reference datgsacross Europe from 1 January (NL)
to 31 December 2011 (SE). The error introducedifigrdnt reference dates from within the
same year can probably be accepted, given the stéhe grid and the phenomena studied,
which usually have a longer duration such as ugpaiawl.

Recommendation 6: The GEOSTAT dataset version 1 shtd have the reference year
2006. The next version of the European GEOSTAT das®t should have the reference
year 2011.

3.5 Data quality measures

Responsibility for data quality lies mainly withtdgproducers. The quality mainly depends
on the quality of the georeference of the regidtea and the quality of the statistical data, the
latter being supervised and managed by the Nat®tadistical Offices.

The quality will be documented in INSPIRE metadatsing mainly the abstract and lineage
fields:

The abstract field will contain the following infoation:

« The very first lines should say what type of datadescribed and give an overall
description of the data.

Further information should include, where relevant:
* General description
* Main attributes
* Legal references
» Data sources of the statistical data
» Linguistic transcriptions of the extent or locationaddition to the bounding box.

Additional quality information, mainly on the dasaurces and the data production process,
will be documented in the lineage field. It willdlade the following information:

» Data providers

* Production method (simple aggregation from poinirses, recast from national grid
system, hybrid georeferenced point data sourcegteggtion/disaggregation from
census tracts) and disaggregation using land dawdruse information.

» Description of the data source (registers, statiktidata) with clear version
identifications.
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» Reference date of the population data, referente afathe spatial data (moment in
time or timespan).

« Data source of the spatial data used for disaggorgdif applicable) with clear
version identifications.

» Spatial reference and projection system for altiapdata.
» Update frequency of all source data used.
* Number of persons not correctly represented.

If hybrid methods have been applied, the productimtess has to be documented per grid
cell.

Recommendation 7: The data quality of the GEOSTAT dtaset version 1 should be in
the form of INSPIRE metadata encoded in 1ISO19139 m files. The production process
should be documented per grid data source and counyt
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4 The GEOSTAT 1A dataset

The main goals of the GEOSTAT 1A action are to tgveyuidelines for producing grid
statistics and to promote national grid initiativesNational Statistical Institutes (NSI) within
the framework of the European Forum for GeostatistHowever, to support the promotion
task it is important to have an initial exampleaoflataset which already highlights the main
concepts of the final data deliverable and alsp$éb identify obstacles and challenges.
Furthermore, the dataset should be made availahlsdrs for studies and testing.

The starting point for this sample dataset wasBR&S map (ESS Eurogrid Population Map
2009)°® of the European population on 1 km2 grid. The eotrrmap is an illustration of
population grid data where nationally produced pafan grids are integrated into an
estimated European population grid (JRC 2001). mhgonal datasets vary in terms of
production process, reference date and data pe@licyhence could not be freely distributed.

The consortium decided to fix 2006 as the refergmae for this first GEOSTAT dataset for
the following reasons:

* In 2006 European land cover and other high reswiutdatasets suitable for
disaggregation were available.

* The year 2006 is halfway between the last 2001useasd the current 2011 census,
thus providing a comparable update period.

« The 2006 data, which are now only interesting fesearch and analysis purposes,
have a lower commercial value. For countries whsieh statistical data, this makes it
easier for them to provide the data free of charge.

The task was divided into two phases. In the fitsise the work package partners produced
population grid data for an appropriate referenearysing all available data sources and
testing different approaches. During the projettha partners made at least one population
grid dataset covering their whole country. The avai experiences gained during the
production phase were collected and are now thes basthe guidelines laid down in this
report. In the second phase NSIs were invited ®tbhe guidelines and produce their own
country's harmonised population grid data of 2006bé disseminated via the European
Forum for Geostatistics (EFGS) web site. The gaad w collect experiences when applying
the harmonised guidelines to national datasetsth@&tend of the process a free and high
quality dataset should be available for users.

In parallel with the NSI's efforts, the Europeard&iestimated population grid data were
updated and improved with more accurate ancillaatacand with a set of more accurate
reference data by different NSlis (Steinnocherle2G10, Kaminger 2011).

8 ESS_Eurogrid Population map and Description of28& Eurogrid population map 2009:
http://www.efgs.info/presentations/ESS_Eurogrid_tRation_map_2009.pdf
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4.1 National data sources

An understanding of the nature and quality of taBamal georeferenced data sources that are
the basis for any grid statistics is crucial fosessing the quality of the data and the
limitations of national grid datasets. However,dgoased data from national sources are
currently produced by quite diverse methods andnfr@ wide variety of data sources.
Documentation of the quality of data sources tendse quite poor and production methods
are just developing.

In the GEOSTAT 1A project six countries shared rtieaiperiences of producing grid-based
statistics (Country reports 2010-201Austria, Finland andNorway have been producing
grid data for some years noRoland andPortugal are both developing their georeferencing
during the 2010/2011 census. Until now they have palygon-based georeferences and
hardly any or no experience at all with populatigmds. France is a special case with
different kinds of opportunities to georeferenceéadinked to specific parts of the country.
France's previous experience of grid-based stigimainly in the context of urban studies.

In Austria and Finland the national register of buildings and dwellindays an important
role in providing the necessary georeferences (Kgeti2010 and Tammilehto-Luode 2010).
In Norway this is the responsibility of the official regist@r ground properties, addresses
and buildings (Bloch et al. 2010). Those regisprvide full coverage of all the buildings in
the country together with their addresses and n@pdmates. A connection between a
personal id-number (also id-number for enterprisdspumber for buildings etc.) to a
numerical address with coordinates or centroidsboifidings with coordinates allows
population (and a range of socio-economic) varghbbebe referenced in these countries on a
spatiallyaccurate basis. Finland has produced census tyjgewdth the help of different
registers since 1987. Censuses in Austria and Nowiih be totally register-based first the
first time in 2011.

Poland has set up a system knownTdSRYT which will provide unambiguous identification
of objects with different levels of territorial @t voivodship, county, municipality, town,
village, statistical district, census region, stréeiilding and apartment. The system contains
geographical boundaries for municipalities, distri@and provinces. In addition, the user
address ID, which determines individual buildingshe TERYT registry, will be gradually
enhanced with the x, y coordinates of the buildifibe introduction of geocoded address
points will be a considerable improvement on thisteng system of spatial identification and
will enable a transition from area allocation (aghareas) to point allocation. For the moment
this building-level system covers only part of twintry.

Since 1991Portugal has had a ‘Geographic Information Referencing BEBE&RI), which
provides polygon-based georeferences for censasaddfar as ‘Statistical Sections’ and even
‘Statistical Subsections’. The BGRI contains onlylygon features. For the 2001 Census
there was a first attempt at georeferencing theswrbuildings within the NUTS 1l of
Alentejo, for which the enumerators had collectbd position and code number of the
buildings. For the 2011 Census Statistics, Portigal collected the coordinates of each
census building. Population data georeferencedudglibg will be available by the end of the
year 2012. However, between census years only popualdata by LAU1L level is available.
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In France theprinciples of census data collection are diffefentmunicipalities with more
than 100 inhabitants and for those with less tharOA® inhabitant8. Census data is
collected from small communes in the traditionampoehensive way, but geometries of
census districts are not available. For larger canmes census data are collected with the help
of a sample of the buildings. The sample, which am® to about 4% of the building
population, is extracted from a comprehensive lngidegister which includes the locations
of buildings and which is maintained by INSEE.

In France census data collection is a process ithapread over five years. For small

communes data collection takes place once eveeyyiars but the data is not collected in the
same year for every commune. For large communesuhey is done progressively during

each of the five years, sampling abodb &f the total buildings. In both processes theee a

no spatial considerations behind the decision ciggrwhich entity will be sampled each

year. The only consideration is that the resulttioé five data collections must be

representative of the standard output areas ofdiss@mination, i.e. municipalities and sub-
municipality output areas (about 2000 inhabitanf®)us, producing results on a large
geographical scale from the five-year data collecand introducing spatial locations into the
sample produce two different additional challenges:

« forecasting and backcasting data for five years datta for a single reference year.
* extrapolating the sample for the entire country.

Assigning locations to buildings is a particulasus for small municipalities which represent
the larger part of the territory, as the data @i does not provide any information on

building locations. To solve this problem INSEEspired by the GEOSTAT project, signed

an agreement at the beginning of 2010 to obtaiesacto the whole cadastral register. This
register was to be used as a spatial referencadioinistrative data (fiscal data) but only for
2/3 of the municipalities, for technical reasons.tihe beginning of 2011, the availability of

additional products from the French National Magpfgency provided an opportunity to

obtain full coverage of continental France.

In the meantime, non deterministic techniques wieseloped to import the location that was
obtained from fiscal data into the individual cemsacords, and in this way the census was
georeferenced.

4.2 National production methods
In short, grid statistics can be computed usingegggion or disaggregation methods.

Aggregation is based on accurate locations of panitere the data points can be added up
inside each grid cell. This is the most accurafg@gch and provides the best quality.

4.2.1 Conversion to ETRS89 LAEA

There are specific concerns about data conversitwiat data from converted building points
with the corresponding high spatial accuracy gpatially the best quality harmonised data.
However, very often nationally produced data needoé¢ converted to a different map

° Additional complexity comes from the oversea regiDOMs and COMSs) because of the specificitiesoofsing there.
The Geostat project is limited to continental Fegrso the case of the overseas territories isinotissed.
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projection for the data to be harmonised with deden other countries. The recommended
European grid is the ETRS89-LAEA system, whichiffedent from most national grid nets.
The tests made during the project confirm the ingare of the manner in which the
conversion is made. The smaller the scale of tleecsogrid data, the higher the standard of
the derived grid data can be. A study was madeinmtaid by converting data from the
national ETRS89-TM35FIN into ETRS89-LAEA (Koivuld. eal. 2011). The reference data
were made by converting the source data (all inbdliuildings), before joining the points to
the LAEA grid net. This method keeps the originatadas they are and there are no quality
errors. However, the weakness of this method isitlaquires the use of primary microdata.
Hence, the method produces double datasets andhtiomal production process will have an
equivalent duplicate process for a harmonised Eaoplataset with more or less the same
phases. This would make data management extrernetpersome. Moreover, the primary
datasets are not necessarily available to thedgiia producer either.

Data recasting from ready-made grid datasets migy af lighter way to reach the target.
National legislation, practices and the naturehefdource data determine the method that can
be used and the quality that can be achieved.

Tests were made by converting ‘ready-made’ datasktdifferent grid sizes but by the
national coordination system. Grid cells were firsinsformed into points (middle points of
grid cells), then converted into ETRS89-LAEA andafly overlayed on the LAEA grid net.
The differences between the reference data andrebast datasets were calculated.
Comparing the 125 m grids to the reference dawptioportion of perfectly matched grids
with no difference at all is 65.7 per cent of &létmatched grids. The share is 52.2 per cent
for 250 m grids and only 24.7 per cent for 1 kndgrise€l'able 9in Annex 9.4). This means
that the grid cell size used as a starting pointHe recast should be as small as possible.

4.2.2 Country reports

For population statistics this corresponds to agafieg population information from point
sources such as building registers. Data can lettlirgeoreferenced on the basis of accurate
coordinates or, more frequently, can be linkeddordinates of buildings or address points
using a unique IDAustria, Finland, Slovenia, the NetherlandsandNorway have taken this
approach for the GEOSTAT 2006 dataset.

If population figures are available only for areasgch as census enumeration areas, they
usually have to be disaggregated using ancillaigrimation. However, when census areas are
very small and their boundaries coincide mainlyhiea target grid cells, fairly good estimates
can be aggregated using the location of the ceuuiret of an enumeration area. In this case
the size of the grid cell should correspond torfeximum size of the enumeration areas in
question (Tandem_GIS | 2002). An intermediate stepards disaggregation is a method
which uses the geographically weighted populatiosneall statistical area®ortugal made a
population grid map of census 2001 results basdtiefollowing assumptions:

*  Whenever a polygon in the BGRI 20(H statistical subsection) is entirely within one
grid cell, then its value in population is attriedtto the same cell.

*  When a BGRI 2001 polygon is divided by one or mzels in the grid, then the value
of the resident population of the polygon BGRI 209Mistributed according to the
percentage of area that is in each cell.
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The availability of the geo-referenced 2011 censuidings allowed Portugal to develop
further their production method on the basis of thformation. At this point only population
data for each statistical subsection is known,hsd the method is based on the assumption
that each residential building has the same numbiedividuals.

The population for each grid cell (G) is given by

where:

MNumbsr of 2011 residential

5;; = Population of subsection i ¥

Numbsr of 2011

N; = Number of subsections in grid |

The exact population for each building will be knmolay the end of 2012. It it will therefore
be possible to determine the exact population witkach grid-cell for the 2011 census
(Statistics Portugal 2011). Population data for tba-census year 2006 is only available at
municipality level (LAU2). The 2006 population feach grid was estimated using the 2001
and 2011 population distribution based on estimgigpulation data for each municipality
(LAU2).

In small municipalitiesin France, where data collection is comprehensive, simple
aggregation of individuals provides the populatimunts, but only for the reference year of
the data collection for each commune. Unfortunately reference year differs from one

commune to another. As a result the published totahicipal population must be used to

forecast or backcast the aggregated data for afispeference year and to respect the total
national population for that reference year.

For large municipalities the census results areaprtated to each building, even if it was not
sampled. The computation is done using spatial cautelation techniques applied to the
neighbourhood of each building.

In Poland the address register does not yet cover the wtmlbatry. For testing purposes

grids were produced based on population data froth blisaggregation and aggregation
methods. The analysis was made covering one swloreiotrkowski. For the disaggregation

method, population data were analysed by smallesltadle area and soil sealing (SSL) data
layer with 100 meter resolution.

The spatial disaggregation method:
PGK =XK PssL
PssL = Pop(N) / M

PssL = Average value of the population at the pom&oil Sealing Layer for N-th of the census distin which
there is ‘M’ points of SSL.

PGK = Total population assigned to points from Sahling Layer located in the space grid ‘K'.

To verify the results obtained from the test afea thematic map was produced using an
aggregation method. The source of data about thelgtion was the statistical address points
layer formed for national census needs. Differennethe results by the different methods
were studied visually and by calculation qualitglicators. Using the experiences gained from
the tests of one subregion, Poland produced populgtid data covering the whole country
by a hybrid approach. An additional challenge west the address point layer used was from
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the year 2011 and the target population data e tfee year 2006 (A State of the Art report —
Poland 2011). The 2006 population was estimatedppyying a weighting corresponding to
the municipalities’ population gain/loss during gegiod 2006-2011 (Jablonski 2011).

In Estonia the population data for non census years is om@flable at municipality level
(LAU2). In preparing for the 2011 census a numijettatasets were created such as building
centroids (containing building addresses and coatds), individuals' address data from the
population register, and data about new buildimgmfthe buildings register. Combining the
official 2006 population counts at municipalities/él with those data allowed to accurately
estimate the 2006 population at grid level.

The addresses of individuals and buildings werecheat, yielding a building centroid dataset
with the number of persons in each building. Théddmg centroid dataset was combined
with data from the buildings register and the buaig that were built between 2006 and 2011
were excluded from the centroid dataset. On theshafsthe building centroids the 2006

population in municipalities was calculated and tluenbers were compared to the official
population counts for the year 2006 at LAU2 leVktlifferences were found between the two
numbers, the missing/redundant number of people wdded to or deleted from randomly
selected buildings within the same municipalitynele, the building centroid datset could be
used as a microdata input dataset for aggregatitretgrid cells.

4.3 European grid production initiatives

In parallel with national efforts within the GEOSTAvroject to produce the best possible grid
data for each country, European dasymetric map® waproved. Disaggregation of the
European population is a modelling approach andetbee outside the scope of the
GEOSTAT project, which aims at strengthening thatigical method of producing

population grid datasets.

The starting point for an improved disaggregatippraach was the experience from the JRC
2004 dataset based on population 2001. The disgaigra of NUTS3 or communal
population data and the limited spatial resoluttdrthe CORINE 2001 Land cover dataset
have lead to an underestimation of built-up areasamn overestimation of sparsely populated
areas, at least in European-wide dasymetric magke@® 2010, JRC 2001).

The relatively recent dataset GMES Fast Track $erkirecursor on Land Monitoring, which
provides the degree of soil sealing for EU27 + ¢oes, has helped improve spatial
disaggregation methods for the whole of Europe.

This new disaggregated European population gridacas total population figures for the
reference year 2006, disaggregated to a 1km? ghd. dataset has been produced by the
Austrian Institute for Technology (AH). The data cover EU 27 and EFTA countries (except
Cyprus, as there are no LAU population figures @¥). The source population data is
reported on LAU2 (LAU1 for PT). Since the degreesoil sealing does not correspond
directly to residential building density, a numhsr pre-processing steps were performed
beforehand masking potentially inhabited land. Eealuating the disaggregation results,
reference population grid data of several registuntries were used. (Kaminger 2011,
Steinnocher 2010). Further references and exhaustiocumentation on dasymetric

10 http://www.ait.ac.at/.
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population mapping of population grids can be foundthe literature indicated in the
references in this section.

In addition to the European disaggregated grid Al§o produced national grid datasets for
those countries that share a border with a GEOS@&untry. This simplifies the integration
of the two datasets along the borders and to deaé mccurately with population in shared
border cells.

4.4 Description of the GEOSTAT 1A dataset

The data harmonisation work included a first iteratof the collection of concrete datasets
from National Statistical Institutes. The first honised dataset contains only population
counts by 1 km2 grid cells, preferably for the refece year 2006 (see 3.2).

The proposal is to collect data per counrty andemntkvailable via the EFGS web site. The
data will then be integrated with the AIT 2006 datafor the missing countries into a first
version of a GEOSTAT dataset. This first versiofi be improved in subsequent iterations.

The starting point was a European-wide grid net kii? cells corresponding to the INSPIRE
specification$' and covering EU27 + EFTA countries. The grid naswnade with an ArcGIS
extension and can be obtained free of charge frardtat aESTAT-GISCO@ec.europa.eu
Finally, the grid net was divided into country natlowing for easier data handling.

Those grid nets represent the framework for thegiration of national grid data. The actual
grid dataset consists of .csv textfiles with thegue INSPIRE grid cell code as reference.

When conversions of national data to the INSPIRI grojection system were tested, the
guality of the data proved to be a source of can¢sge Annex 9.4, Koivula et. al. 2011). The
preferred option, ensuring the best quality, isaglsvto aggregate directly from point data
which are in the same projection system (ETRS89-AARBS the target grid. For those
countries which were not in favour of direct aggsgn from point data sources in the
ETRS89-LAEA projection, the proposal was to useadaa the smallest available grids and
recast the data to the INSPIRE grid.

The conventions for naming the national grid ddtékeand the variables were as follows:

Name of the file GEOSTAT grid_POP_1K _CC_YYYY (CLC:
country code, YYYY: ref. year)

Column Names GRD_ID, METHD_CL, YEAR, POP_TOT|

Where:

GRD_ID Identification code of the grid cell (lowiexft-
hand corner) according to INSPIRE

METHD_CL Method used for the grid cell; A (aggresdi,
D (disaggregated) and M (mixed)

YEAR Reference year of the data

POP_TOT Population count of the grid cell rounded t
integers (in the case of border cells the cell

1 http://inspire.jrc.ec.europa.eu/documents/Datacifipations/INSPIRE_Specification_GGS_v3.0.1.pdf.
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contains the sum of the original cells).

Cells with zero total population were removed frthra dataset.

Regarding the METHD_CL attribute for each grid ctilere can be various combinations of
actual methods combining aggregation, disaggregaiimd even other estimation methods.
For the sake of simplicity the goal is to differiate cells which have been merely
disaggregated using a dasymetric approach (‘Domfthose grid cells which are simply
‘point in polygon counts’ based on detailed geamfeed source data (‘A’) and from those
which apply various methods and data sources tma&s and model the population figure
(‘M"). For further details metadata will be used.

Metadata were encoded in XML files applying the INIBE standard for spatial metadata and
using the EU Geoportal metadata edifoFor the moment, the tool provides a rough
description of data from a geographical point oéwi There is hardly any room for
descriptions from a statistical point of view, edgscribing the structure and quality of the
data in SDMX. For future iterations further invgstiions are required into how to integrate
good quality statistical information into the medtal of the dataset and how detailed this
information has to be, in terms of lineage infonmatand production steps of the dataset for
instance.

By the end of the project, in addition to the npetner countries, Denmark, Sweden, and
England and Wales volunteered to deliver their petan data by harmonised LAEA89 1K
grids from the year 2006 via the EFGS web Site. addition, national population data by
1kmz2 grids are available in Kosovo, Northern Irelaand Switzerland (reference year 2001)
and Ireland (reference year 2011) as well as Sfpafarence year 2006 and 2011) produced
by various methods. National grid data from othesirg, or containing additional variables, or
even by other grid sizes, are made available vea B¥GS web site by France, the
Netherlands, Norway and Portugal.

Besides making national datasets available, the \aam also to produce an integrated
GEOSTAT dataset for EU27 + EFTA. Hence, for thosantries which did not contribute

with a national population grid, the dataset wélfilled with data from the AIT 2006 dataset.
This concerns Belgium, Bulgaria, Germany, Slovatia, Czech Republic, Hungary, Latvia,
Lithuania, Ireland, the United Kingdom (ScotlanddaNorthern Ireland), Luxembourg,

Liechtenstein, Switzerland, Italy, Malta, Romar@aeece and Spaff.

The final European GEOSTAT dataset will therefayatain two additional attributes:

CNTR_CODE ISO code of the country in which the grédl
is located (in the case of border cells the
country codes are concatenated) and |the
national value is provided in brackets, e.g.
SE(7):NO(14).

DATA_SRC For national datasets the country codette
European dataset ‘AlT’; in the case of border
cells from different sources, the DATA SRC

12 http://www.inspire-geoportal.eu/index.cfm/pageidZ34
13 http://www.efgs.info/data/geostat/open-data.

1 Eor Spain a disaggregated grid is available preduxy Francisco Goerlich from the University of &fatia using the
national SIOSE Land Use/ Land Cover data as angitlata. It might replace the AIT data for Spaira daiter stage.
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codes are concatenated, sperated with a
colon, e.g. SE:NO.

Along the boundaries where datasets from diffedaia sources are joined the population
figures from either source are added up and traesfeinto a single joint grid cell as
illustrated in Figure 5.
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4.5 Statistics of the GEOSTAT 1A grid dataset

The reference gridnet Grid ETRS89 LAEA EuropelKntersecting with the EU27 +
EFTA landmas$ delineated by a coastline/boundary dataset a¢ Sc4D0 000, has a total of
4 884 516 grid cells whereas the GEOSTAT_2006_P@dP apntains P45315 inhabited
grid cells with at least one inhabitant. This metra ~40% of the grid cells intersecting the
EU27 + EFTA landmass are actually inhabited.

In total the GEOSTAT national dataset represent® 48 the total 505 Mio EU 27+ EFTA
citizens population in 2006 and coverd45199kmz? equal to ~5% of the total land surface
of 4825275km? while the disaggregated population datasetrs 5®6 of the population.

The avarege population density in the GEOSTAT ttmyiis 86 inhabitants per km2 whilst the
average number of inhabitants per inhabited grilds&70 per km2.

While there are ~70000 grid cells with only oneahltant of which 2@74 are drawn from
population registers, the highest observed popmager grid cell corresponds to
inhabitants and is located in the centre of Bartelo

' http://www. efgs.info/data/eurogrid/Grid_ETRS89_LAERurope_1K.zip/view
18 This includes also territory covered by inlandevatand lakes.
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4.6 Mapping the dataset

The combination of the national datasets and thE ddtaset results in a European-wide
dataset that can be mapped using an INSPIRE gticdbinékm? cell size. The following
population classes are recommended for generalingapprposes:

1. Not inhabited, Population 0, Colour scheme CMYK iteh
2. 1 -4 Inhabitants, CMYK M5, Y40 (light yellow)

3. 5-19 Inhabitants, CMYK M20, Y60 (yellow)

4. 20 - 199 Inhabitants, CMYK M50, Y80 (light orange)
5. 200 — 499 Inhabitants, CMYK M70, Y80 (orange)

6. 500 — 5000 Inhabitants, CMYK M100, Y50 (red)

7. >5000 Inhabitants, CMYK C55, M90, Y50 (lilac)

The GEOSTAT 1A map follows the classification anoloar scheme of the 2009 ESS
Eurogrid Population Map. This classification of tpepulation counts by grid cells was
chosen after looking at different national practic€he choice of colours was for maximum
differentiation between classes of relatively sngail cells!’

On the basis of the above classifications the Walg frequency distribution is found in the
Grid dataset:

Table 1: Frequency distribution of population classs in the GEOSTAT 2006 dataset (number of grid cell
per class).

0 1-4 5-19 20-199 200-499 500-5000  >5000
2939201 | 275784 519129 78803 172788 17214 14072

Depending on the purpose of the mapping classerdift thresholds and colours may be
chosen. Another possibility is to include the thi@d of urban clusters used in the degree of
urbanisation proposal by Eurostat (Eurostat 200he point of departure might be to colour
each grid cell on the map, but there are plentglitéérent other techniques to be tried out in
the future.

4.7 Quality assessment of the dataset

Given the diversity of national data sources anadpction methods of the 2006 dataset,
guality assessment is mainly a national exercige fpics include geography, statistics,
production process and application of standards.

Under the assumpation that national figures hawebguality and represent the reference to
validate against, the most straightforward approscho offset national results against a
European-wide dasymetric map by:

1 http://efgs.info/presentations/Description%200f%@&%%20Population%20Grid%20Map%200f%20Europe 13029009
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» comparing for each grid cell the number of inhatigagrid cells between estimated
data and register data;

* computing the Total Absolute Error (TAE) for alidgjcells.
* put the TAE in relation to the total populationtbé area.
The error per grid cell is defined as:

Rszﬁs_Ps

whereby P is the reference population of a grid cell s d@hds the estimated population of
the same grid cell. The TAE is defined as:

TAE:Zn:|RS|

s=1
And the relative Error:

relError = E

> P

with P as the reference population of a given territory.

A guality assessment of the disaggregated populatim carried out by AIT showed that the
the relative error at national level for those does where reference register data are
available is in the order of 30% but can exceed 5@sparsely populated countries such as
NO, SE and FI.

Dasymetric maps are more successful in detectingthvein grid cells are not inhabited at all.
Here the share of cells which are correctly classifis not inhabited is between 85% and
95%.

On the other hand for inhabited grid cells the ci&te factor is only between 63% and 95%,
depending on the country with the lower rates engparsely populated countries.

Finland made a comparison with the JRC grid data (Gal@@m0) (last row of Table 3.1)
testing the effects of converting national data ithte harmonised ETRS89-LAEA data. The
primary purpose was to compare the results of asies of the source data (first row of
Table 3.1.) with the direct conversions of readydengopulation data of different grid sizes
(recast data - rows 2 — 4). Table 3.1 shows difiees between national (conversion of source
data) and recast population grids together withrésalts of an estimated population grid by
the JRC in Finland in 2011 (Appendix 9.4: Koivutaaé 2011).

The results show that all the recast data setsl yiety good results in terms of number of
inhabited grid cells (deviation max.%3 for the 1km?2 source and total population) in
comparison with the estimated (JRC) dataset. Tta population is also quite well preserved
in the JRC grid, although it is distributed ovanach higher number of grid cells, thus losing
out significantly on spatial accuracy. However,réheere also significant differences in the
distribution of recast datasets, depending on the of the grid cells in the dataset (see
Koivula et al. 20111). The differences are mairdyrfd in the lower TAE classes (1-10
persons). As a result of the intrinsic nature & Way the grid cells are recast, the range of

error is limited to the surrounding grid cells: Md&&ange =y 2knt .
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Table 2: Quality assessment of recast population gis and disaggregated grid. Line 1 contains the
aggregation of the original point data which was pojected to ETRS89-LAEA and then aggregated. This is
the benchmark for lines 2-5. Lines 2—4 contain statics on grid cells originally in ETRS89-TM35FIN and
then recast to grid cells in ETRS89-LAEA. Line 5 cotains statistics on the JRC2004 dataset. N= number
of inhabited grid cells, Mean = average inhabitangrid cell, SUM= total number of inhabitants,

Minimum= min. number of inhabitants of all grid cells, Maximum = max. number of inhabitants of all

grid cells

Dataset Number of grid cells Mean Sum Minimum Maximum

Dataset from converted building points (the referene dataset)

1KM_ETRS89-LAEA 102 050 51.0 5204 192 1 14 053

Datasets from converted grid points (by recasting)

1KM_ETRS89-LAEA
from:125mMETRS89-TM35FIN 102 249 50.9 5204 192 1 14 197

1KM_ETRS89-LAEA
from:250mMETRS89-TM35FIN 102 759 50.6 5204 166 1 13283

1KM_ETRS89-LAEA
from:1km ETRS89-TM35FIN 99 049 52.5 5204 179 1 19175

JRC disaggregated dataset

JRC_DISAGG 159921 32,4 5181 806 0,01 5 866

The tests were made on Finnish datasets exclusitedpould also be interesting to carry out
tests and comparisons with datasets from othertdean

France also made a comparison between JRC population gridsFrance's own estimation
of population grids (see Figure 5).
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Figure 5: Comparison of JRC population grid with French national population grid.

While a purely visual inspection gives the impreasihat both datasets are comparable, the
actual figures differ by nearly 36 for the small sample area.

Like Finland, France also argues that changingctmdinate system or using different size
grids also gives different figures.

A relevant approach for quality assessment is topaoe the results of the gridded population
with the official statistics already published &tter territorial level (e.g. communes).
France used a quality indicator calculated by comparing umcorrected prediction of

population qS) in each municipality to the actual value (P). Tigeire gives an indication of
confidence in the process. A weakness indicatorceagputed for each NUTS3 by:

>|p-P
> P
The results show that this indicator ranges frdvh  98% but that most of its values lie in
the range of 2@-30%. The problem with this kind of measurement id thaainly affects

municipalities with small populations for which astimation error of 100 persons may
represent an extremely large relative error.

Poland made comparisons in a test area between a papulgtid layer made by data from
census districts proportionally assigned to then{zoof soil sealing layer (SSL) and a grid
layer made by assigning population to real addpessts. The comparison showed that the
disaggregation method gives better results in udbaas than in rural areas. It was also
discovered that disaggregation results may be iaggto by using additional
information/estimates about areas with no inhakstamater areas, wetlands, large forests etc.
by excluding these areas from the datasets.

In the register countries quality assessments a@enfor source data by estimating their
spatial coverage but mainly by comparing data atrsmand micro level (se€able 10. For
example, population census data are compared witlvant sample survey data (e.g. data
from the labour force survey and from the surveyliang conditions and housing). Outliers
such as population (buildings) on the water oridetthe country's borders are also detected.

There is still no standard form for documenting lgyaFor this project phase the INSPIRE
metadata standard has been used to document detgd. More detailed information was
included in the form of links to further referencéievertheless the INSPIRE standard is not
suitable for exhaustive quality documentation andtlaer format will have to developed for
future iterations of the GEOSTAT dataset (see exammpsection 6.2.4).

4.8 Further development issues

During this first iteration of the GEOSTAT datashdtailed experiences and insights have
been gained on how best to use the source dataragerihe grid dataset from the source and
evaluate and document its quality. Naturally, inisthnitial phase many potential
improvements have been already identified which Wwé addressed in future iterations.
Topics range from more comprehensive and detailethaata, through standardised quality
measures to a regular update procedure for the slaaces. One of the first major
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improvements to the actual data quality will be itteoduction of 2011 census data into the
GEOSTAT dataset.

At this stage the project has focused only on fodglulation data. However, there are already
grid data available relating to many other variab{e.g. population by age categories or
workplaces) mainly in those countries that usestegs and aggregation methodaigtria,
Norway, Sweden Finland, theNetherlands Denmark andSlovenia)

France has also been producing these data for severak,ybat to a restricted extent
geographically. There are also other recent or mggprojects targeted at producing other
new variables by grids.

The ongoing development of address files and tloeaing of buildings, combined with the
census data of the year 2010/2011, will give mgapoatunities to extend the range of grid
data variables or the scale of geographical griid.ce

The development of refined disaggregation methéatsgawith more and better ancillary data
in cooperation with research institutes and nati@tatistical institutes will also help to
improve disaggregation methods. It remains to le: 4@ what extent the disaggregation of
further variables will yield meaningful results. f@pared to register-based data sources and
aggregation, disaggregation is only the second bpsbn and will always have serious
limitations in terms of further statistical variablbeyond total population.

In many countries census data provide more oppiiganto produce small area statistics
such as grid data. Given that a census is carueemy every 10 years, improved methods
for estimating the figures between censuses or mgaggrid data from old data with poorer
georeferences may also be issues to be considededeaeloped further in the future.

Conversions of grid data from national projectigistems to European projection systems
were tested with different sizes of national griflee conversions were made by taking the
centre points of grid cells as reference pointse Possible refinement could be to calculate a
population-weighted centre point. There might dsoother ways to control the conversion
process (e.g. using interpolation of source data).

The side effects of harmonising different natiodatasets have not yet been discussed in
depth. At a technical level, joining grids togetlad handling overlapping grid cells from
different sources will have to be supported by ®ids.

The role of EFGS as a data provider and the definf a common dissemination policy, at
least for part of the grid data deliveries, areiéssthat need to be agreed in the future. The
role of the INSPIRE model of decentralised dataivdey via open interface must be
discussed as well.

Finally, a common approach to disclosure controiaims high on the agenda and will have to
be addressed, at least for the basic demographables.
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5 A method for generating population grid statistics

The present GEOSTAT 1A project represents theistagoint in an iterative development,
the ultimate goal being to produce a high qualibpydation grid of the 2011census. The
prototype dataset delivered is an excellent sgnpioint for future iterations but has certain
limitations such as a fairly diverse productiongasses at national level; and the fact that it
represents only total population counts at theptdgesidence. Looking ahead, the following
section presents a blueprint for all aspects ofitied census dataset and also, where decisions
or information are still missing, points out theuss at stake that still require decisions and
agreements which are often beyond the technical tg\this project.

5.1 General method to generate grids

‘A grid for representing thematic information issgstem of regular and georeferenced cells,
with a specified shape and size, and an assoqatgerty’ (European reference grid 2003).

The production of statistical grids usually corsist two elements: a grid net and a statistical
table. A grid net is a vector layer of regular grills covering the whole area in question. It
can be made with almost any GIS tools. The gridraptesents a steady and interoperable
location of different statistical objects. Abové, &l can provide a basis for the integration of
different thematic data. The European harmoniséeh grid net is available in its entirety
and by country on the EFGS web Site.

A grid net is not always necessary, because gaerefed data can be processed just like any
territorial statistics or like spatial statisticy point georeferences. Grid-based statistics are
territorial statistics which use direct x and y atinates as a location code. For a regular grid
net the x and,y coordinates usually denote theddsfecorner of a grid cell of a given size.

The first precondition for generating grid-baseatistics is that thematic data can be
georeferenced. This means that the data units Haeet or indirect links to geographic
coordinates.

If there are links available to coordinates of duigs, address points or real estates, the
method to be used is called the aggregation medhddn GIS terms uses a point in polygon
procedure to aggregate the data.

If the data is available only by territories (eemwumeration areas) the precondition for grid
generation is that the boundaries of the areast ¢gast the centroids of the polygons, are
available as an input to disaggregation.

5.1.1 Aggregation method

The overall workflow of data aggregation is illied in the following Figure 6.

18 http://www.efgs.info/data/eurogrid
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Figure 6: Workflow for spatial grid-based statistics by the aggregation method

There are several alternatives for conducting ajreagation process. The whole process may
be done using statistical software or with the lel®IS software, or a combination of both.
The coordinate system and projection used shoulthdesame for the grid net and the data
georeference and should remain so during the ptmdughases. If required, a data
transformation stage has to be carried out firse donversion from one projection system to
another, if needed, is best done with the sourtz #owever, data which is already gridded
can be converted to another coordinate systemyuath this will result in small changes to
the data. In this case it is recommended to rebastiata from the smallest available grid size
to minimise the impact (Koivula et.al 2011).

5.1.2 Disaggregation method

The overall workflow of the disaggregation appro&tiescribed in detail in the literature
(see Batista e Silva et. al 2011, Gallego 2010fdother references). Although refining a
European disaggregated grid was outside the scbphis project, such a grid will be

fundamental to producing a grid map for the enfitgopean territory for a period of some
years, until such time as national grid initiatiees fully established.

The disaggregation method is particularly usefulemwHarge territories are covered in a
multinational to global context. The choice of smudata depends on data availability and the
size of the grids in the final output. Spatial istats by census enumeration areas are usually
the best starting point. If the area of statisiscgreater than the target grid cell, ancillaryadat
should be used to predict the distribution of stets according to corresponding grids. For
population grids, various ancillary data are avddato describe indirectly where there is
population (see Figure 7). A disaggregation mosleéleéeded to estimate, for each grid cell or
part of grid cell, different density categoriesidefl by ancillary data. The calculation of
density categories and weights depends on thelanycilata available (Gallego 2010, Batista
et al 2011, Goerlich et. al 2011).
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Figure 7: Examples of ancillary data for estimationof population in grid statistics.

A specific case of disaggregation is where enunmratreas are so small that they fit inside
the target grids. In these conditions the aggregatnethod can be applied (see Corcoran
2011 for more details).

National disaggregation initiatives often have asc@® high-resolution ancillary datasets that
are not available with comparable quality throughBurope (Goerlich et. al 2011). Some
countries have used information about the locatibhuildings to predict the distribution of
population inside the grids (Corcoran 2011, Schadars 2011). This means that when the
enumeration area (with a known population) is spiitoss grid cells, then the population of a
grid cell depends on the percentage breakdown difead points within each enumeration
area.

5.2 Confidentiality management

Handling confidentiality is one of the biggest dbaages of grid-based statistics. When the
size of a grid cell is small or a certain numbevafiables per grid cells are released, there is a
direct and indirect risk of disclosure of statiatianits. Although EU and national legislation
on data protection of statistical results are simithe actual implementation of general rules
to small-area statistics differs from country taictyy.

The GEOSTAT project recommends that data proteatn@asures should depend on the
sensitivity of the variables. Absolute counts oe thtatistical units (such as number of
inhabitants, households, buildings, workplaces) ukhobe disseminated without any
restriction, even for the smallest grid sizes.

However, if the grid cells are not sufficiently pdated, further characteristics of the
statistical units should be protected (e.g. a pessage). A data protection threshold should
depend on the type of statistical unit. Charadiesselating to people should have greater
protection than those relating to buildings, fastance.

One way to control the dissemination and use al-gased statistics is to release them on
condition that a specific licence is granted. Tiwerice will allow the data to be used for
restricted purposes (such as scientific researcistatistical surveys on society) and by
authorised institutions or persons only.

Issues relating to data disclosure have also besibjact of concern when data are produced
in more than just one coordinate system or prayactHowever, using the recasting method

38



The European Forum for GeoStatistics — ESSnet pr@&OSTAT — Representing Census data in a
European population grid

(Koivula et. al 2011) mitigates this risk. The ang resolution and protection levels
determine the data disclosure limitations. This msehat if in the national coordinate system
(and projection) of 250 m x 250 m data are safenftbe point of data protection, no extra
information is revealed after conversion to thedgniddle points. The situation is different
when the original primary dataset is actually cotea (e.g. building points in the Finnish
dataset). In that case a comparison of the corvane national datasets may expose highly
detailed information, which may also contravenediselosure control rules in place.

The most commonly used disclosure control methodugpressing the confidential cells.
However, this has the effect of making the data leseful for analysis. Rounding (Masik
2011), scrambling (Lipatz 2011), clustering (Somr2@d7) or using different grid cell sizes
(Sehlin 2011) can also be used, depending on #éoushich the data will be put.

An agreement on the use of similar confidentiaktgndling methods is needed when
harmonised cross-border datasets are disseminBe=ides looking into the legal issues
related to data confidentiality, which cannot bved by the GEOSTAT action alone, there is
a need for further technical developments of dmate control methods which take account
the spatial characteristics of grid data into actou

5.3 Data Quality

GEOSTAT is convinced that, generally speaking,ghality of population grid data produced
by National Statistical Institutes is higher thasagigregated European-wide population grid
data.

This assumption is based on privileged accesstitauirces. Statistical institutes are able to
use data sources of greater spatial accuracy tieyrare allowed to publish for general use.

There are two aspects to the notion of qualithadontext of grid-based statistics:
« quality of the georeferenced source data;
» quality of the production process.

When looking at the available standards for documgndata quality with metadata,
INSPIRE has a clear focus on spatial data progesiieh as positional accuracy and on the
spatial aspects of the data production process.

On the other hand, the statistical world has deeloits own standards (SDMX). The
quality of grid data should be described from bp#rspectives, but there is currently no
initiative to combine the two standards for theatliggion of geostatistics. For the purposes of
the GEOSTAT dataset the following initial list ofuaity characteristics and metadata
properties is put forward:

Table 3: Measures concerning georeferenced sourcatd:

Positional system Georeferences in the form oftppiolygon, or line (definition by metrer or
scale)

Positional accuracy Accuracy of georeferences

Positional source Are the georeferences the refalcomputation from official data sources
or are they interpolated between known points feegwveeraddresse at

19 e.g. the Euro SDMX Metadata Structure (ESMS), B&®idard Quality Report Structure (ESQRS)
http://epp.eurostat.ec.europa.eu/portal/page/gstasistics/metadata/metadata_structure
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cross roads).The ‘approximately located populagiportion’ of the
INSPIRE specification provides information aboug ttonsistency of
georeferences measurements.

Logical consistency

Yes/no (no= different typegiebreferences)

Usage

Known problems

Table 4: Measures concerning produc

tion of statistis by grids

Production methods

Aggregation, disaggregationethixode. The aggregation method may
have subgroups: aggregation direct from regist&, dagregation made on
estimated individual data based on registers, ggcegation from very smal
enumeration areas. Disaggregation methods maysdgroups depending
on the regional level of the source data and thdlary data used.

Bias

Individual data that are recorded and counted esplaces, but only on the
basis of some convention: e.g. homeless peopleeiplace where the data
are collected during a standard census processtbe iplace of the organisn
that takes care of them for social benefits orthéaburance purposes.
This is covered by the ‘conventionaly located pagioh proportion’ of the
INSPIRE specification.

Accuracy of the figures

In the case of figures it by extrapolation of the sample (mainly
censuses,) the measure of accuracy that resufistfre estimation process.

Completeness

Coverage of georeferences (% of geenets in source data).
This is covered by the ‘not counted population prtipn’ of the INSPIRE
specification.

Temporal accuracy of the spatial
dimension

Last updates for the georeferences or the disagtjoegsources.

Temporal accuracy of data

Last updates for theitiH (e.g. census actual data collection date3. s
covered by the ‘period of measurement’ of the IN&PEpecification that
can be delivered for the whole data set and opltiofa each data cell if
there are exceptions.

Geographical coverage

Extent, total area.

Coherence

% of consistent and comparable data -ealgilifferences in quality.

Temporal accuracy

% of same reference date.

Confidentiality

% of grid cells suppressed, thredsdbr confidential data.

Quality report

Available/not available

Inspire compliant metadata

Available/not available

5.3.1 Grid sizes

The GEOSTAT project proposes that a primary gristey consists of grid cells with 40
(where &@a> 0) size in metres. The primary grids will providehierarchy of six scale
intervals or a series of map tiles that are neddedlescriptions covering the local to the
global. The size of the grid cells therefore ranfyjesn 1000 km for global studies, through
100 km for continental, down toni for high resolution analysis at the suburbanlleVke
phenomena described in a study should have a bpad@ution that is larger than the grid
cell size used to provide enough level of detad. -4 illustrates the territory that is typically
covered in a reasonable way with different grid seles, 1km? for the country, 160for the
region and 1én for the Urban Area of Stockholm.
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Figure 8: An example of a map tiling system appliedo the administration of Sweden over a hierarchy ©
three administrative levels from national to commu /municipality levels (Backer 2011).

A secondary system of grids is based on a two-lguabtree solution, #2° (where &a> 0
and 2b> 0). This is defined for a more extensive seriegrds: 10n, 25m, 50m, 100m,
250m, 500m, 1km. 2.5km, 5km, 10km, 25km, 50km. The advantage is that these grids
(b>0 (e.g. b=2 or 25@ grids)) will all aggregate up to the next primgrd (b=0(e.g. 100t
grids)). The primary grid is thus a special casthefsecondary grid system (Backer 2011).
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6 A concept for a GEOSTAT data infrastructure

6.1 GEOSTAT and INSPIRE

One objective of this project has been to desailkirostat vision of a data infrastructure to
access and share Geostatistics. The infrastruciimdk package has furthermore been
dedicated to analysing the spatial data infrastinegprovided by the INSPIRE project. One of
the critical issues in the INSPIRE project has hieenartographic bias, although many of the
data themes mentioned in the directive's annexgshmaaeen as integrated datasets, which
are datasets based on the integration of geograpthytatistics. Geography and statistics are
very different data types and are kept separateveier, together they amount to the two
sides of spatial information implied by the INSPIREEective. Hence, the aim of this project
has been to produce a sound description of a wgrkifrastructure for the integration of
geography and statistics, giving users the oppdyuio explore statistical data using a
geographical interface.

The GEOSTAT dataset is a distributed service. inggle all NSlIs which deliver data to the
system will share the benefits of its use and algb contribute to the definition of the terms
or business model under which the data may be Msibns for a common data distribution
model will be followed up in GEOSTAT 1B.

The publication of grid statistics falls under tHé¢SPIRE directive and has to fulfil its
requirements as regards metadata, interoperahitity sharing as laid down in the directive
and the corresponding regulations. However, beistptistical and not just a spatial dataset,
there are also certain restrictions and conditiasgegards compliance of the GEOSTAT
dataset with INSPIRE.

This section will look at the possibilities and iiations of grid statistics for viewing and for
exploration as a spatial dataset.

6.2 A concept fora GEOSTAT data infrastructure

A geostatistical data infrastructure will have tw@mmodate three very different data types
(text, tables and graphs, and maps) and the sereerated on those data. Similar to other
service oriented architectures like INSPIRE or t8®DX architecture, geostatistical
architecture will consist of different components.

6.2.1 Data types
For the integration and sharing of all informationa data infrastructure, data have to be
broken down into reference data structures suit@blthe type of information and data.

* Geosemantic information — alphanumeric texts neddedorking with narratives to
describe geosemantic data structures and theidateta

* Geospatial information — geographic features ussdtree main component of
geospatial data structures and their metadata.
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+ Geostatistical Information — statistical informaticused as the foundation for
geostatistical data structures and their metadata.

6.2.2 Data services

Services will make it possible to seek, find, exeJduy and download information available
in the above data types to be included in the médion system tailored to a specific issue.
The problem of providing unified services for gemsatic (alpha numeric) information is
largely solved and can also be used to some eixtehe statistical context (SDMX) - Dublin
Core Metadata.

INSPIRE describes 5 service types for geospatiatnmation:
* geospatial discovery services;
» geospatial view services;
» geospatial download services;
» geospatial transformation services;
* invoke geospatial data services.

For geostatistical information, the service typéshe other two data types are not suitable.
The spatial data infrastructure (SDI) for geostaswill require new types of services that
have to be able to operate on existing infrastrest(SDMX, INSPIRE) to make the full
range of information available in an integrated mean

e geostatistical discovery service, most probablyg$DMX and components such as
the SDMX repository:

e (geostatistical view services. There have been dgons in connection with view
services spatially adapted to geostatistical infdrom. The minimum required is:

0 (geostatistical map service. The map service deeeldp the INSPIRE project
is based on the use of web map services (or weturéeaservices). In
connection with view services for geostatisticdbrmation, it could be argued
that web processing services would be advantagéspecially adapted to
maps with grid data) because this service wouldblenasers to select any part
of a grid dataset and obtain table and diagrameptasons of the result.

0 geostatistical table service. A table service wauklzke it possible to generate
a well structured table from a given dataset setketith a web processing
service.

0 geostatistical diagram service. A diagram servieaildl make it possible to
generate a diagram from a dataset selected witkbgonocessing service.

* Geostatistical download services. In addition te technical aspects, download
services will provide a solution to the busineske $if a ‘rights management system’.

* Geostatistical business service. A business sewadd make it possible to handle
guestions about rights, prices and conditions Wwaild also facilitate transactions in
cross border situations.

* Geostatistical transformation service.
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* Invoke geostatistical spatial data services

6.2.3 Rights management

When discussing a spatial data infrastructure (3@1p GGI (see section 0), it is essential to
develop a sustainable solution for ‘Rights managehas well as a ‘Business model’ for all
three data types.

‘Rights management’ is one of the key issues thastnbe settled if a geostatistical
information system is to work. While most, if ndt, afficial statistical data from public
sources in Europe is normally free of charge and lba used provided the source is
acknowledged, this is often not the case with gassical information. There is currently a
great deal of research going on in the spatial conityion digital rights management and the
development of authorisation and access contreices. In the context of this project the
problem is mainly how to make geostatistical higisalution data available as easily as
possible, preferably free of charge. In most cabés is a decision to be taken by the
management of an NSI, the ESS or lawmakers atnmatay European level.

6.2.4 Metadata for GEOSTAT data

Publication of metadata on the content of the dethset is not as straightforward using 1ISO
19115. Metadata on a grid dataset have to desoribigple statistics referenced spatially to
one set of geometry. Publication of metadata wisatompliant with INSPIRE/ISO 19115 is
primarily about information of a dataset on onegknfeature type (i.e. land cover or
buildings).

Metadata on statistics have to incorporate metadatanany different statistics for one
specific spatial delineation. More specifically,tire case of grid statistics many statistics are
published for one specific grid net or even grill.ce

Hence, simply adopting a metadata standard onggaitistics from the INSPIRE Annex Il
theme ‘Population distribution” will not work, bagse metadata on many other statistics will
have to be created as well (buildings, land us® tlensities etc.). The Thematic Working
Group on ‘Population distribution” and ‘Statistiddhits’ has therefore suggested additional
metadata on the level of feature type and data type

According to these recommendations metadata oistgtatfor grids will have to be published
at three levels:

1. Dataset: Refers to a set of statistics for oneiBpepatial delineation — INSPIRE
Metadata will be published. A reference to the eohof different statistics has to be
made in the field ‘Lineage’.

2. Statistical set: Refers to a specific statistioal s- Each specific statistic will be
described by metadata. It has not been decided ewttease XML-files will be
published centrally. For the moment they will bersetl together with the data.

3. Data values: Refers to individual values withirtatistical set — Contains a reference
to a grid cell and metadata on each of the specifaues.

Table 5 contains an example of metadata of a stafiset and metadata at the level of data
value. This example describes:
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* Total number of men less than 25 years old on Lalg2010 per 1kmx1km grid in
ETRS89-LAEA projection for the Netherlands.

About 4000 males are not located at an individual addrbsdividual values and their
metadata are given for a regular and a disclosedcgh.

Table 5: Example of metadata on Statistical Data Biribution. Netherlands.

Name Data type/Code list Value
Statistical set
Inspire Id Identifier (codelist) code? (to be defii
Area of dissemination Statistical Unit (total AREA!! Netherlands, statisticalGrid
Classifications Classification 1 (codelist) Sex
Domain Domain (codelist) Demography
Measure Variable (codelist) Population at placesgfdence
Measurementunit Unit of measurement (codelist) oers
Not-counted population | (number) 4000
proportion
Period of measurement TM period (date) 15-02-2010
Period of reference TM period (date) 01-01-2010
Period of validity TM period (date) -
Statistic measurement | Statistics measurement method (codelist) Count
method
Universe Universe (text) Under 25 years (as a dudisgassification)
Data value Statistical Data Value (individual, regular)
Approximately located population 1
proportion (number)
Comment (text) Partly redistributed people, cargtai

homeless people
Conventionally located proportion 4

(number)

Dimensions: Statistical Data
Dimensions

Classification 2 (codelist) Male

Georeference: Statistical | Grid (ETRS89-LAEA):
unit (codelist) 1kmN3079E4032
(Statistical | GridCellUnit)
Flags -

SpecialValue* (codelist) -

Value* 16 (total?)

Statistical datavalue (individual,undisclosed)
Approximately located population -
proportion (number)
Comment (text) -
Conventionally located proportion -
(number)
Dimensions: statistical data dimensigns

Classification2 (codelist) Male

Georeference: Statistical | Grid (ETRS89-LAEA):
unit (codelist) 1kmN3080E4033
(StatisticsIGridCellUnit)

Flags
Special Value* (codelist) Confidential
Value* -

* Either Special Value or Value must be provided.

One of the issues for the statistical set missiaig lseems to be the status of the data. This
status should be included in a metadata field Staand encoded using a code list
(‘preliminary’, 'definitive’, etc.).

45



The European Forum for GeoStatistics — ESSnet pr@&OSTAT — Representing Census data in a
European population grid

The specifications in the Annex, Theme lll, "Popigla distribution™ are not yet final. When
applying the draft guidelines, the publication aftadata is foreseen at different levels:

+ Publication of value metadata will be at the lesfathe individual data.
+ Publication of metadata on the statistical set wdlude the set of values.

* Publication of metadata on the grid dataset wilabeording to INSPIRE metadata. A
link to the dataset is part of this metadata.

Metadata on the grid dataset will be publishedefrh country on the national geoportal.

6.2.5 Model for a Statistical Web Service

Statistical Web Services will be used to implemém GGI and connect its various

information systems. The core requirements for smdervice include: the selection of the
spatial area of interest; the statistical unit &adable; output of a map covering the area; a
table or set of tables with appropriate statistaos] a diagram showing the distributions of
variables.

A prototype web processing service has been degdlapdemonstrate, as a proof of concept,
what a statistical web, designed for interactivesoreen data selection and obtaining
statistics from it, might look like.

The user selects an area by means of a buffer @rauymoint. The radius of the buffer is
modelled as a parameter to be altered by the Wiber.user selects one or more points on
screen and may alter the radius of the area. Tamgyregated statistics on the subject "Total
population per 1km2 grid' are presented on screea éxample in Figure 9). This little study
already integrates the basic concepts of the uderface and back-office processing of a
statistical data infrastructure such as statistilzdh selection, spatial selection of the area of
interest, on-line processing of the statisticalapagter in response to the selected area and
presentation of the information to the user on exwreThe combination of database type
processing and geoprocessing will allow variougrenttive applications to serve the basic
publish-find-bind pattern of open service-orientieda infrastructure.
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Figure 9: Geoprocessing web service
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7 Conclusions and further work

These conclusions are based on surveys, numersassdions with a broad audience within
the ESS and results gained during the project. Sesues are not yet settled and need to be
worked further within the ESSnet GEOSTAT 1B project

User needs have been collected on the basis of gearg' experience in the countries which
provide data on grids and where the grid data aesl dor various issues of analysis by the
statistical offices themselves, other public autles and the commercial market.

Furthermore, the preconditions and possibilities dtsaggregating data in the non-grid
countries have been investigated.

The collected cases have been examined with regpégbe of analysis, use of grid data and
constraints of data interoperability experiencedttiiermore, the action has developed the
data specification, suggesting solutions for coomcerns such as map projections, the
guestion of scales, the coding system, methodsgatial analysis, methods for delineations
and confidentiality issues.

This action has improved the overall scope andityuall the existing ‘ESSgrid’ effort to map
the European population on 1 km2 grids. In previsask, national data sets did not contain
harmonised data and showed one variable onlypfttatal population.

The project has described and tested disaggregalgmmithms, INSPIRE specifications and
data protection rules for population grid data bdisaggregated and aggregated). The project
has furthermore described and tested aggregatitmoai® including housing and agricultural
holdings grid data. A first set of methods to progllharmonised grid data has been discussed
with Eurostat and with all the participants. Exaesbf harmonised grid maps and statistics
from the whole of Europe as well as from specifectp of Europe have been produced by
other participating countries. The project has @ised harmonised European population grid
data and demonstrated the use of grid data inadetalysis.

7.1 Knowledge sharing

The objective of the action has been to spreadtriba/ledge and results gained in the project
to the ESS. The EFGS functions as a professiotiatergce group for the GEOSTAT 1A
ESSnet project. This network of experts, comprisayg users and producers, has scrutinised
the output of each iteration and suggested imprevesnto the project results. As the results
in the first instance concern statistical officesg focus of the knowledge transfer has been
the annual meeting of the GISCO working party witle NSIs and the national mapping
agencies.

The action has made sure that non-participatingci@s benefit from the experience and are
encouraged to adopt and implement the approaciahth 2012 a course within the ESTP
framework is being set up and will build upon exgeces in GEOSTAT 1A. The final report
will also be presented at the annual GISCO WP inrchla2012. The EFGS website
(www.efgs.infg has been used for all digital publishing.

48



The European Forum for GeoStatistics — ESSnet pr@&OSTAT — Representing Census data in a
European population grid

7.2 Sustainability

The ESS partnership builds upon the existing EF@8vark and website. During the
GEOSTAT 1A project several NSIs have contributedaowoluntary basis, and many NSIs
have nominated a national contact person. TodayEf@S network consists of national
contacts from 32 countries.

To make the action sustainable, support from th® BE&s been requested, among other things
to solve organisational issues such as common ffeledhandling confidentiality and to
motivate more countries to produce national grichskets using national data sources.

Special attention is required to ensure that gaihskets can be produced not only from census
data every 10 years but that the datasources atatagp continuously and will allow the
production of grid datasets at shorter intervals.

7.3 Grid production

At this stage the project has concentrated on totgdulation. Ongoing development of
address files and geocoding of buildings togethién e census data of the year 2011 will
give more opportunities to extend grid data vasgabbr the scale of the geographical grid
cells. Regarding grid sizes, the GEOSTAT projecippsesa primary grid systenconsisting

of 10'm (where &a> 0) grids. The primary grids will provide a hieraycof 6 scale intervals
or a series of map tiles that are needed for desums ranging from the local to the global.

We also suggest introducing intermediate grid siaesecondary system of gridased on a
two-level quadtree solution, ¥@8° (where &a> 0 and 2b> 0). This is defined by a more
extensive series of grids; ) 25m, 50m, 100m, 250m, 500m, 1km, 2.5km, 5km, 10km,
25km, 50km. The advantage here is that these @oel3 (e.g. b=2 or 25@ grids)) will all
aggregate up to the next primary grid (b=0(e.g.010@rids)).

Conversions of grid data were tested with differgmes of national grids. Conversions were
made by using the centre points of grid cells dsreace points. If a conversion from one
projection system to another is needed, it is b&dteo it on the source data.

Support for the development and refinement of djsagation methods in cooperation with
research institutes will remain high on GEOSTA'sraig, as this is the only way to guarantee
updated and more diversified grid datasets of Eeirop

7.4 One package — one provider

Users' experiences show that accessing a courgrigsbased data is not always easy.
Therefore ‘one package — one provider’ is the pedfee way to obtain data conveniently
and quickly. The goal of the EFGS is to act aslafouusers of grid statistics. It should act as
a single point of contact for users and provididito data (with or without small restrictions)
as well as links to the contact points of providers supply data with restrictionBusiness
modelsdiffer from one country to another. Some datadistributed free of charge; others
request a fee for delivering data to help produme dtatistics. With a view to establishing
‘one package — one provider’, a comprehensive lessimmodel should be developed in
GEOSTAT 1B. The ultimate goal remains to distribtite GEOSTAT dataset free of costs
and without usage restrictions in the same wayaisscs in the ESS.
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The EFGS will not sell data involving statistics different variables until a business model

and the organisational aspects of EFGS have beadedeupon. For data in addition to the

GEOSTAT 2006 dataset, customers will still havedatact each national contact person. We
will, however, make a suggestion for a common kessmodel in the follow up.

In most countries data are published in a natiagal system based on their national
reference system. This has the advantage of fititaytheir national geolayers and producing
square grids. However, this conflicts with the wigln a harmonised system that covers
continental Europe. On a European level the GriRE3O-LAEA, as defined by INSPIRE,

is now accepted and GEOSTAT has therefore deculedltect data in the 1km grid of that

system.

Respondents from both the producers' and usees sidled grid sizes up to 1km? highest. For
grids larger than 1 km? importance declines wité icrease of grid cell sizes. Data users
who wanted the grids for areas of a country andllesmprefer the smaller grid sizes up to

250m?, while those who required the data for groupsaafntries or continents preferred the
1km?2 grids.

Users mainly need population, housing and econacmi@bles on the basis of grids. This
corresponds to availability in most grid-countriéata such as total population figures,
number of buildings and dwellings are generallyilalée on the basis of grids for grid sizes
of 1km2 or even smaller. Generally speaking, howethe data is released only under certain
conditions, such as agreeing to permission agreesmeayments having to be made and
referencing to NSlis being required.

Data providers should already be looking towards pleriod after the 2011 census and
develop an update policy for the grid datasetsaAmual dataset is the preferred option.

7.5 Confidentiality

As a general rule, it can be concluded that dataigers differentiate between more and less
sensitive data and define accordingly the threshfidd variables and corresponding grid cell
sizes.

One of the objectives of this ESSNet project GEO¥T#é\to create a 1km2 population grid
map and dataset of Europe. As the 1km? grid carobsidered to be a fairly rough grid, and
as we are only asking for absolute numbers withiouther socio-economic variables
attached, we offer the following solution for tharmonised European population grid. No
restrictions will be applied to the publication total numbers such as the total population
figure, the total number of buildings and the totaimber of dwellingsConfidentiality
problems become more obvious when the amount adblas to be gridded is extended or
when data are delivered by grid sizes smaller thkm?. An agreement is required on the use
of similar confidentiality handling methods whenrmanised cross-border datasets are
disseminated. Furthermore, there is a need to dewdikclosure control methods which take
into account the spatial characteristics of grithda

Future work will include finding a solution for filner variables, in particular those which

break down these total numbers (e.g. populationagg group and sex...). The project
recommends that dafaotection measureshould depend on the sensitivity of the variables.
The absolute count of the respective units (sucmwsber of inhabitants, households,

buildings, workplaces) should be disseminated withamy restriction, even for the smallest

grid sizes.
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One way to control dissemination and the use af-gased statistics is to release them only
when a licence to use is granted. There is an trgead for further development and
harmonisation of disclosure control methods fotigpatatistics by grids.

7.6 Quality

The GEOSTAT project has examined a common procésguality assessmenQuality
assessment has to include different approachegr@auc, statistical, production, standards,
etc.) The assessment may also differ accordingeg@aata sources.

Disaggregation methodare used, for example, when global or Europearevpdpulation
grids are made. The choice of source data is degmmh data availability and the size of the
grids in the final output. Spatial statistics bynses enumeration areas are usually the best
starting point. Validation of the results agairtst irea-based source data is an important part
of the process and may lead to a refinement obtiggnal model.

Statistical institutes are able to use data soundgsh are more spatial accurate than those
they publish for general use. However, if grid-lthskata are nationally available they are

produced by quite diversified methods and by défifiertypes of data sources. Documentation
of the quality of data sources tends to be quiterpand production methods are just

developing.

In the area ofjyrid-based statisticthere are two major perspectives: one is the tyuafiits
georeferenced source data and the other is thatyqoélthe production process. INSPIRE
mainly standardises metadata descriptions andtguaéasures concerning georeferences and
spatiality, focusing on elementary data accuracytese topics. But the statistical world has
its own standards (SDMX). The quality of grid dathould be described from both
perspectives.

7.7 Dissemination

The project has disseminated population grid dgta knt free of charge via the EFGS web
site in the form of text-files (*.csv-files). Thele of the EFGS as a data provider and the
definition of a common dissemination policy, atdefor some grid-data deliveries, are the
issues that need to be agreed on in the futurerdlbeof the INSPIRE model of decentralised
data delivery via open interface must be discusseadell.

7.8 Tools

For the production of future iterations of the GH®@S dataset at both the European and the
national levels, more support for tools is needadl the tools should be harmonised. To allow
for use in all IT environments tools should be pooprietary and open source.
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9 Annexes

9.1 ANNEX I: User Needs Survey

As part of the GEOSTAT Project, the European FomfimGeostatistics (www.efgs.info)
conducted a survey to learn about users’ needssipect to grid based statistics. Analysing
users’ needs in relation to the grid based stesiss one of the main aims of the GEOSTAT
project.

The survey took place in September/October 201Wa#t sent to the members of the NSI and
NMA working group who patrticipated in the annualr&stat working group for GIS for
Statistics, and also to grid customers. Preliminggsults were presented at the EFGS-
Conference in Tallinn in early October. Furthervamis were submitted after that and are
included here. Between 26 September 2010 and thalide of 28 October 2010, when the
survey was closed, 45 answers were submitted; 8vest were fully completed.

The survey included voluntary fields for contactaile, but it obviously could also be
completed anonymously. Apart from 5 anonymous ansv8answers came from data users
from Austria, 5 from Finland, 3 each from Denmarid &uropean institutions, 2 each from
Estonia, France, Norway, Slovakia, Spain, Swedehtha UK and 1 each from Bulgaria,
Croatia, Czech Republic, Germany, Ireland, Malta tre Netherlands.

About 30% of the respondents work in governmemtsiitutions, 20% each in Research and
for private organisations and 16% in education. 3iney respondents work in a wide range
of fields. Amongst the answers given the most papattivities were environment, regional
and local planning, infrastructure/transportatiord anarketing. A number of respondents
noted that their work activities were not definedthe survey. For example, some of them
work in fields such as education/research, econanayhealth.

M Field of main activity for your institution

Original answer "Other" assigned to values
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Figure 10: Field of main activity of respondents’ nstitutions

The majority of the respondents use grid base&statas an input in different spatial
analysis tasks. The most frequent subjects foradatalyses are regional and local planning,
demography and environment. Some other minor, boétheless interesting subjects are
business, marketing, health and real estate, dsas/akeat and energy demand.

20 - answer "other"
2 . .
- assigned to given
15 values

W preferred GIS format

Raster Vector txt, csv,... no answer

Figure 11: Preferred GIS format to receive grid basd data in.

GIS compatible raster and vector formats are thst peferred. Some respondents also noted
the need for txt and csv formats. It can be presuthat they understand this as separate
delivery of geometry and data with unique identgjevhich can then be used to connect the
data to the geometry. In this way, the data volaihgansmitted or downloaded files can be
reduced significantly.

For the survey respondents the most importantagildsize is the 1km grid. In fact, there is a
clear tendency on the part of most respondentsgard all resolutions from 100m x 100m up
to 1km x 1km as very important or important. Foidgrlarger than 1 km, the importance
declines as grid cell sizes increase. Up to grzeéssiof 10km they are still considered fairly
important, whereas grids larger than 10km are masttn as unimportant.
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No answer Not important M Important B Very important
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Figure 12: Importance of various grid sizes

There was also a clear correlation between areiatefest and grid size. Data users who
wanted the grids for areas of a country and smalteferred the smaller grid sizes up to
250m, while those needing the data for groups ahtiges or continents preferred the 1km
grids.

As grid data may not be disclosed without reswitsi for data confidentiality reasons, the
respondents were asked their opinion on the diftareethods of data disclosure. All methods
obviously have one of the two disadvantages — eltss in data or loss in spatial accuracy.
The two most frequent methods in use were givenpésns, including a brief explanation of
what was meant.

* Aggregating grids. The layer of the data containdsgof different size filling up the
whole territory.

* Replacement of undisclosed values with another munob character (for example
99999999). This method will result in loss of ddiat the grid size remains the same
throughout the dataset.

The most preferred method for data disclosure (%63 the replacement of undisclosed

values by another number or character. Neverthslas® respondents (20%) prefer the grids
with undisclosed values to be aggregated with agnies and a further 20% take the view that
completely different methods should be used foa digclosure.

There was no option for specifying what “other” mealowever, the comments at the end of
the survey suggest that there is indeed a neest¢tose absolute numbers of Population and
Buildings.
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Which geographic area would you need the grid based
statistics for?

W Geographic area
answer "other" assigned to
given values
3
2
J I : l

World Whole Sub Group of Specific "Other" no answer
continents continents / Countries Country  smaller than
Regions Country

Figure 13: Geographic area the grid based statisticare needed for

As Figure 13: Geographic area the grid based statiare needed for

Shows, the highest demand for grid based statistioserns specific countries (49%). 38% of
the respondents need grid based statistics fooapgof countries and 20% each for Sub-
continents/Regions and whole continents. A worldspective is not particularly useful for
European users at the present time. Multiple arswere allowed.

A further question simply inquired about the neeflasers with regard to sourcing their data.
Would respondents like to receive the grid basddsgds covering the whole of Europe in a
single package from one provider (for example fr&RGS)? Currently, the grid based
statistics can be ordered from some national Statsinstitutions. The spatial territory is

normally a country and/or a part of a country.

A clear majority (>70%) ticked the option “Yes”hweh indicates that, for users, the one
package/one provider option is the preferred optmrobtain data conveniently and time
efficiently. The option “No” was mainly chosen bystomers interested in grids on a local
level who are involved in regional planning andlgsia, mostly within a particular country.

The concluding questions inquired about the fiedfistatistics for which the respondents
would need data on the basis of grids. Multiplewsrs were possible. According to
expectations, the greatest need is for statistiogriol based population (84%), housing (67%)
and economy (67%). About half of the respondentsdnsetatistical grid data on the
environment and labour force.

The final box for further comments was mostly usedonfirm the need for grid data sets in
general, with the emphasis on harmonisation.
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Figure 14: Fields with need for grid based statists.
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9.2 ANNEX II: Data Providers’ Survey

Between 15 November and 1 December 2010 the Eunopeaim of Geostatistics (EFGS)
carried out a survey to analyse the availabilitgid based statistics and related conditions of
dissemination in Europe.

The survey was sent to the EFGS-contact personseE&@S-conference participants, the
NSIs, the European Census leaders and other knadidata providers both within Europe
and outside. To reach further possible grid datwigers, the contact persons were kindly
requested to forward this survey to the personamsiple for the Census as well as any
organization, institute or company producing gridséd statistics. By the deadline, 19
responses were received from various institutiohghe countries of Austria, Belgium,
Cyprus, Denmark, Estonia, Finland, Ireland, lt&gtherlands, Norway, Poland, Republic of
Kosovo, Serbia, Slovak Republic, Slovenia, Swedah the USA. A further four responses
were received by email from institutions in ItaMalta, Turkey and Spain, explaining that
they were not yet able to provide answers to tieesu

The vast majority of respondents (84%) are eithed dgata providers or have plans to
establish a grid in the near future. Another 10% iarthe process of preparing grid based
statistics. Italy alone pointed out that they hageplans for grid based statistics yet.

9.2.1 Projection systems

Most countries use some sort of national Transvetseator Projection and base their grid
system on it. Austria and Belgium mention the INSPIgrid system based on the Lambert
Azimuthal Equal Area Projection. The EPSG-Codes lwarfound undenttp://www.epsg-
reqistry.orgor http://spatialreference.org/

Table 6: Institutions and the projections their grid systems are based on

o Grid Projection and coordinate

Country Name of institution system system

(EPSG —Code)
Austria AREC Raumberg- Yes | EPSG:3035 (ETRS89 - LAEA)

Gumpenstein
Austria Statistik Austria Yes EPSG:3035 (ETRS8AEA)
Belgium Statistics Belgium Yes EPSG:3035 (ETRSBAEA)
Cyprus gtat|st|ca| Service of Yes CGRS_1993 Cyprus LTM
yprus

Denmark Statistics Denmark Yes UTM 32N, datum EUBEF
Estonia Statistics Estonia Yes EPSG:3301
Finland Statistics Finland Yes EPSG:2393, EPSG:3047
Ireland Central Statistics Office| No
Ireland Central Statistics Office| Yes EPSG:29900
Netherlands Statistics Netherlands Yes EPSG:28992
Norway Statistics Norway Yes EPSG:32632
Poland Central Statistical Officg Yes
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Republic of Statistical Office of Yes UTM WGS 1984 NH
Kosovo Kosovo
Serbia Statistical office of the N EPSG 3046

Republic of Serbia

. Statistical Office of the .
Slovak republic Slovak Republic Yes EPSG:4258

Statistical Office of the

Slovenia X . Yes GK/48 & ETRS/TM96
Republic of Slovenia
. mainly EPSG:3021 and
Sweden Statistics Sweden Yes EPSG:3006
USA CIESIN’. Columbia Yes Geographic
University

9.2.2 Geo-referenced data

To find out about the most precise positional aacyrsaved with the institutions base data,
there were seven options of accuracy to choose.fiti® of the respondents have geo-
coordinates for each building or even more presggecifications (one per entrance), which
means that for these institutions the bottom-up@ggh to aggregate grids is possible. In fact,
the above plus two further respondents (79%) ayreme or are planning to use the Bottom-
up approach to aggregate geo-referenced datads. gri

R . Spatial accuracy in survey

. #
. - respondents
3 i Geo-coordinates for each
e /
> - . building-part (one per entrance)
. - : Geo-coordinates for each
o 6
building

Geo-coordinates for each land
parcel address
Geo-coordinate for a street

. 0
- section
;dd‘m'c"“m'”m : Census / Enumerator area 3
uilding-Coordinate .
Entrance-Coardinate Y — lit
Farcels unicipality 0
Building
— Other 2

Figure 15: Different positional accuracies for coodinates and replies to the Question: What is the nab
precise spatial accuracy saved with your base data?

The cell naming methods in use are mostly deducsd the coordinate values of the grid
cell. 50% of the respondents, mainly the institugi@f grid countries (those represented on
the European grid map 2010) deduce the name ajritiecell from the coordinate values (of
a corner or the midpoint). Only Estonia names thgntonsecutive numbers, Finland uses
both methods and 7 respondents did not know.
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9.2.3 Auvailability and rating of grid sizes

The aim of the following question was to find owftotthings, namely which grid sizes are
available or are due to be offered, and a ratingao¥é important/relevant/useful they seem to
the respondents in their experience.

However, due to the restrictions of the PLONE pangme used to conduct the survey, the
radio buttons allowed only one answer per cell.i¢gh hindsight, this question should have

been split into two separate questions. One canec¢ssarily deduce from the availability

that a grid size is considered to be important,aaor one deduce from a rating of importance
that it is actually available. Hence it was thehau's interpretation to combine these answers
with answers to other questions in order to cheeklability.

This showed that the majority of countries eithleeady provide or will be providing data on
the basis of 1km grids, and that where geo-ref@@ulata exists and the bottom-up method is
used, smaller grid sizes from 100m and 125m res@dgtare in use. Some countries state
that they do not have grid sizes larger than lkailable, but in all cases except one these
can be constructed by aggregating smaller availgiides.

20
18 L ~Availability
of Datasets
16 | :
in various
14 10 10 ~ Grid sizes
12 L
10 — Not available
8 - M Available
6 -
4 -
2 B
D T T T

100/125m 200/250m  500m > 1km

Figure 16: Availability of Datasets in various gridsizes.

Although the abovementioned argument that one das@duce from the availability that a
particular grid size is necessarily very importahg fact that it is available gives it a 'raison
d’étre’ and can also be included in the answertheorating of the grid size. Two charts are
set out below, one including answers and the athetting them. Both charts show that grid
sizes up to 1km are rated highest. In order to nthkechart clearer, some grid-sizes are
combined. The fact that two respondents consideb80m grid to be “not important” might
be seen as an outlier in the first chart, but t@s be explained. These respondents have
smaller grid sizes available in addition to 1kmgl &émerefore do not need an intermediate grid
size.
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Rating of Gridsizes including "Available"

20
18 +— 2 —
16 — 6 6 6 —
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no answer
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W Very important
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Figure 17: Rating of grid sizes including the optia "Available" as "important enough”

Rating of Gridsizes ignoring "Available"
16
14 S
12 —
10 g no answer
6
8 — Not important
3
2
6 . A 1 [ Important
4 a _
a W Very important
2 I
| ‘
D T T T
<1km 1km 2-10km 25-100km

Figure 18: Rating of grid sizes ignoring the optioriAvailable"

9.2.4 Importance of various grid characteristics

National grid systems adopted to suit national Gagers can be constructed with squared
grid cells. The INSPIRE - grid was constructed wit sontinental Europe and therefore
makes transnational datasets possible. Howeveraytbe distorted when it is re-projected to
suit national geo-layers. A harmonised grid systenthe whole world (e.g. — UTM) cannot
have full coverage, but is defined in various zori@gpending on the national projection
system chosen, it may again be distorted whenagqted to suit national geo-layers.

The respondents were asked to rate the importdnite dollowing characteristics associated
with various grid systems.
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Square grids

Single grid system for full coverage

Suits national Geo-Layers

Suits continental Europe

Europe-wide harmonisation

World-wide harmonisation

Importance of Grid Characteristics

I
=

no answer

W Negligible

Less important

M Important

W Very important

Figure 19: Rating of the importance of various gridcharacteristics.

Apart from the one respondent who ticked ‘very imaot’ for all characteristics, and the
three respondents who considered every charaateast'important’, the answers from the
other respondents revealed considerable variatiotigeir ranking of what is most important.
This is best shown by the table itself (see TableAmile five respondents consider square
grids as ‘very important’, only three of them tick&one grid system for full coverage’ as
‘very important’. Of the six respondents who wantieel grids to suit national geo-layers, four
are also in favour of a full coverage grid, whiler the other two respondents the most

important fact is that the grid should suit naticgeo-layers.

All respondents are in favour of having a grid dataavailable which covers the whole of
Europe. 53% of respondents (9) consider EUROSTAfhagpreferred data provider for a full

coverage grid data set of Europe and 41% (7) pEf&S.
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Table 7: Answers to various grid characteristics

Importance of grid characteristics
One grid

Suits Suits . )
tem for . . Eur -Wi World-wi
gr(?cljjs " ?lilllse ° national continental h;rr%%iisa?i?)n ha?m%nisi?ion
Geo-Layers | Europe

Very
important
Very
important

coverage
Very
important
Very
important

Very
important

Important

Very
important

Important

Very important

Very important

Very important

Important

_Very _\/ery Important [ Important Less importan{ Less important
important important
Very Less Less
important gl important  [important Mgzl .
Very Less Less . .
important Important important important Less important@V=IaYAl slelge=1gli
Very Very
Important important important Important Important Important
Very Very Less .
Important important important important Important Very important
Very :
Important important Important Important Important Less important
Very Less . :
Important Important important important Less importang Less important
Very Less . :
Important Important important important Less importang Less important
Important [ Important Important [ Important Important Important
Important [ Important Important [ Important Important Important
Important [ Important Important [ Important Important Important
Important [ Important Important [ Important Important Less important
Less Very , :
Important Important important important \VElAlnleleliell Less important
Less Very .
Important important Important important Important Negligible
Less Very . :
Important important Important important Less importang Less important
Less Very Very Very , .
important important important important ey el e e i

9.2.5 Confidentiality — Disclosure control

For reasons of data confidentiality in dissemimgtgrid based statistics, there must be
restrictions on the disclosure of grid data. Vasiouethods are in use, all of which have
disadvantages — either loss of data or loss ofadaicuracy. The most frequent method used
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in the respondents’ institutions to deal with tlasue is deletion (39%), where undisclosed
values are replaced by another number or charateough this method results in a loss of
data, the grid size remains the same throughowudateeset.

The method of aggregating grids is used by 28%egpondents. Grid cells with confidential
data are merged with other grid cells until thefiemtiality threshold is reached. The layer
of the data contains grids of different sizesrdliup the whole territory. Two respondents
chose ‘perturbation’, a method where undisclosddegare changed slightly by adding or
subtracting "noise', one chose “no restriction” dhd three remaining respondents chose
“Other”.

Documented disclosure rules for grid based stesigtir the various countries can be found by
following these links to national documents:

Denmark | http://www.dst.dk/kvadratnet

Estonia | https://www.riigiteataja.ee/akt/13332259

Austria http://www.statistik.at/web en/classifications/iaugl breakdown/statistical gr
ds etrs laeal/index.html

Finland http://tilastokeskus.fi/meta/tietosuoja/index emht

Norway | Presentation held at EFGS 204@w.efgs.info

Ireland 1993 Irish Statistics Act; No formulateddosure rules yet, but they will involye
combining a grid with an adjacent grid dependindghlenpopulation and analysis.

There are basically three main aspects for decidmgvhat is to be considered confidential
and what is not. The thresholds applied when dgakith confidentiality depend either on
the variable itself, the number of characterisiinte which a variable is split or the size of the
grid cell. As combinations of these methods exstltiple answers were possible.

Threshold for confidential grid cells depends on

20
16
12 -
Do not know

8 _

M No
4 - H Yes
0 -

less and more no. of classes or size of grid cells
sensitive data  no. of variables

Figure 20: Dependency of threshold for confidentiagrid cells.

Eleven respondents differentiate between less thansind more sensitive data (e.g. infor-
mation about inhabitants is considered more semsthan information about buildings), 8
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respondents vary between the number of classesy@age classes or 20 age classes) or the
number of variables, and 7 vary the size of thd gells to guarantee confidentiality.

9.2.6 Auvailability of national grid datasets

Eight institutions prepare grid based statisticseisponse to customer-specific requests. The
following charts show which variables are alreadgilable or will be available after the
Census/in the near future on the basis of grigssthallest grid size for which the variable is
or will be available, whether disclosure methods laging or will be applied for this variable
and giving the most recent year and frequency datgfor each variable.

Availability of variables on the basis of grids  mves  No

Total number of residents
Population by age group and sex
Further variables on residents
Total number of buildings
Further variables on buildings
Total number of dwellings
Further variables on dwellings
Total number of work places
Further variables on work places
Total number of employees
Further variables on employees

Data on environment and land...

Agricultural Census Results

Figure 21: Availability of various variables on thebasis of grids.
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Smallest grid size the variable is available for (or planned)

m100m/125m ™ 250%x250m 500x500m = 1000x1000m ™ Other Not available

Total number of residents
Population by age group and sex
Further variables on residents
Total number of buildings
Further variables on buildings
Total number of dwellings
Further variables on dwellings
Total number of work places
Further variables on work places
Total number of employees
Further variables on employees

Data on environment and land...

Agricultural Census Results

Figure 22: The smallest grid size various variableare available for (or planned).

Do disclosure methods apply for this variable?
® No o Yes Depend on total figures Do not know

Total number of residents
Population by age group and sex
Further variables on residents
Total number of buildings
Further variables on buildings
Total number of dwellings
Further variables on dwellings
Total number of work places
Further variables on work places
Total number of employees
Further variables on employees

Data on environment and land...

Agricultural Census Results

Figure 23: Various variables and disclosure control
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When was the last year of update for this variable an the basis of grids?

2000 2001 2002
2003 2004 M 2005
W 2006 2007 W 2008
W 2009 m2010 2011 (planned)

Not available/No plans
Total number of residents
Population by age group and sex
Further variables on residents
Total number of buildings
Further variahles on buildings
Total number of dwellings
Further variables on dwellings
Total number of work places
Further variables on work places
Total number of employees
Further variables on employees

Data on environment and land use

Agricultural Census Results

Figure 24: Last year of update for various variable.

What is the Frequency of Update for this variable?

Every year M Every second year B Every fifth year
M Every tenth year Not available No plans
Total number of residents ] 1b 3
Total number of buildings | 7 |
Total number of dwellings | 9 | 4
Total number of work places | 7 |
Total number of employees | 7
Further variables on residents | 9 | a4
Population by age group and sex | 9 | 1 I 4
Further variables on buildings | 7 | 3 8 I
Further variables on dwellings | g — 1 's
Further variables on work places | 6 | 4 8 I
Further variables on employees | 7 . 3 I 7 I
Data on environment and Iand..._ 2 . ‘ 6 | 9 I
Agricultural Census Results | 2 - ‘ 3 l 9 I

Figure 25: Frequency of update for various variable.

The graphics above show that all respondents haveilb have the population figures

available on grids (1km or smaller) after the Candn seven of them the total population
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number is available without confidentiality restioam. Most of them also have population
figures by age group and sex (89%) and furtherabées on residents (83%) available on a
yearly basis (50%). The total numbers of dwelli{88%), buildings (72%), employees (67%)

and work places (50%) are or will also be availableost institutions, but not necessarily in
the 1km grid.
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9.3 ANNEX Il : Data-dissemination survey, results

In a short survey among data providers, the cumefivery formats of grid based statistics
were investigated, as well as the plans for otyyeed of publication after the 2011Census. A
total of 19 respondents coming from 17 countriepoaded to the data provider survey.

9.3.1 Data delivering file formats

Currently most data files containing grid statistare delivered in a GIS format, containing
geometry (61%); other providers deliver their daastly in generic text format (22%). Only
a minority deliver the data in other formats.

Dissemination file fornat

Other
Textfile
(e.g. csv, dat, sdv, t«t)

GIS
(e.g. shp, gdb, mif, tab)

Database
(e.g. mdb, sas, spss, oracle)

Figure 26: Dissemination file format.

9.3.2 Dissemination of grid statistics after the 2011 Cesus

Almost all respondents will disseminate grid staiss either by viewing and downloading
services or publishing the metadata only. Howeies,not clear from this questionnaire how
this will be promoted. Although viewing serviceg anandatory under INSPIRE regulations,
only 26% of the 19 respondents are planning to emgint WMS services for grid statistics.
Statistics by grids will remain available as filewehloads (42%), by download service (direct
access) for two respondents and by WFS for oneonelgmt. Two respondents have no plans
for disseminating grid statistics and two respoinsienill provide metadata only (multiple
answers were possible).
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Way of dissemination

Using other IT technology

Using other GIS technology

Provide only metadata according
to INSPIRE implementing rules

INSPIRE Download-Service (direct access)

INSPIRE (OGC) WFS services

INSPIRE (OGC) WV services™®

File based

No dissemination of grid statistics

10

o
N
N
[0)}
o]

Figure 27: Different ways of dissemination.

9.3.3 Totals for dissemination and access

About two thirds of respondents will make the draked statistics available after the Census
2011. Three quarters of them (9 out of 12) wilkéiminate their statistics via viewing
services, while 8 out of 12 will make data avakatdr downloading.

Dissemination and access

Yes, by viewing service

Yes, by viewing and
dowload service

e
service

No dissemination
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Figure 28: Providing users access to data.

9.3.4 Conditions of dissemination

Conditions for disseminating data, either by vieyvservices or by downloading services
differ between data providers. Six different coiwtis are distinguished (multiple answers
were possible).

* Public domain (The data is available, freely anthauit restrictions.)

» Reference to NSI required (You give users the rightopy, manipulate, distribute
and disseminate the data. In exchange the nameuwf statistical office has to be
mentioned.)

* Only after permission. (Data may only be used wy@un have been given permission
by your organisation.)

e Time limit. (Data is available for a certain perjod
* Payment has to be made (Use of data is subjectytmgnt.)

« Data may only be used for non commercial purpagasta may only be used within
non-commercial applications.)

e Other conditions (If your organisation applies atiyer conditions)

The conditions for using viewing services have teem lower thresholds than for

downloading services. For almost two thirds ofréggpondents viewing services will be made
freely available without conditions (public domaio) with reference to NSI only, where

these more or less free conditions will be met by of 19 data providers for the

downloading of data.

8 Conditions for
viewing and
| downloading
6 services
4
24— | Viewing
services
Download
0 services
Public Reference Only after Payment Timelimit Data may Other
domain to NSI permission  has to be onlybe conditions
required made used for
non
commercial
purposes.

Figure 29: Conditions for viewing and downloading ervices.
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Restricted use by payment is applicable to datantmads in 4 out of 19 cases. The
restrictions on the free distribution of data eitbg payment or by use for non commercial

purposes only applies to one third of respondentsia one of the issues to be addressed
when data are made available throughout Europe.
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9.4 Annex IV: A study of conversions from national spaitl data to harmonised
European grid data

9.4.1 Point of departure

The aim of the study is to create methods of produbarmonised population distribution
data by 1 km square grids according to INSPIRE i§pations. The projected co-ordinate
system of the target data is ETRS89-LAEA. The dmations for the Geographical Grid
Systems have been drafted by the INSPIRE TWahd the actual grid net has been
constructed for the whole of Europe as part of GEEOSTAT project. In this study, there is
the presumption that national grid data can betcocted or is already availaBfe The aim is

to find the best available way to convert natiopapulation grid data into harmonised
European population grid data.

9.4.2 Differences in locations of grid cells in differenforojections

Differences in locations between grid nets

The location of a grid cell produced in one pramtt(or co-ordinate system) is not
equivalent to that of a grid cell produced in amotBystem. A grid cell produced using the
national ETRS89-TM35FIN co-ordinate system is deddamong several ETRS89-LAEA
grid cells (Figure 30). The grid net consists aftieal and horizontal lines according to even
co-ordinates. The locations of the even co-orditiaes differ in relation to each other when
the projection (or the co-ordinate system) variggerefore, the locations of the grids are also
different.

20 (http://inspire.jrc.ec.europa.eu/documents/Data_ifipations/INSPIRE_ Specification  GGS v3.0.1.pdf
2L hitp://efgs.info/data/ GEOS TAT-1km-Grid.zip/view

2 The guidelines on how to produce population gethdy aggregation, disaggregation or by a hybethod will be
published by the GEOSTAT project later on this year

74



The European Forum for GeoStatistics — ESSnet pr@&OSTAT — Representing Census data in a
European population grid

362785
362784
e2782 362783 - 362112
)( \ 36211 \ )(
9
362108 SO 407
362107 61436
361435 / 360764
2106
361434 360763
361433 360762
361432 360761
1 2
361431 360760 360089
380759 360088
360758 360087
360757 360086
50 1 2 13
SIS 350085 359414
360084
360083 )(
1k NA647E5009 1 kmNABATESN15
3594,
359409
359408

A%\ 407 \ Y
Al 1! X

362114
362113

361440}
1kmN4651E5015
361439

360082

1KmN4647ES008

360081
58738

5
xf\’

ki 11 358

Figure 30: The differences between the ETRS89-LAEAblue) and ETRS89-TM35FIN (green) grid nets.
Problems with grid net conversions

Like any other spatial polygon, line or point, tged net itself is convertible. However,
guality changes may occur. The grids consist ofileegsquares, but after a conversion of the
projection or co-ordinate system, the shape ofjtitecells may become distorted. The target
here is not achieved by converting, either. Thd galls in one system do not directly match
the grid cells of another system. When overlayimg grid net of one projection on the grid
net of another projection there are several inttisies between thef It is possible to
estimate new/converted grid values using a praoporif the original value to each segment
by surface area. However, it was felt that this tyfpapproach did not fall within the scope of
this study.

9.4.3 The methods

In order to produce grid data in a predefined mtope (which differs from the projection
used at the national level) we describe two methods by using building points and another
by using ready-made national grid datasets. Thed&s comprise all inhabited buildings
(Method 1) or grid cells (Method 2) in Finland. Ttests were made using population data
from 31 December 2005 (2006) and 31 December 22Q01(. The results presented here are
from 2005/2006. However, there were no significdifierences in the results from year to
year.

Method 1: Aggregation of grid data by using convered building points

The first tested method is based on the use ofliogilpoints (or any other accurate geo-
referenced point-based data).

% The degree of “matching” is dependent on theireddbcation of area. E.g., Lambert Azimuthal Egéeda projection in
Central Europe is likely to be similar to the natithy used projection in North-Eastern Europe (lllitdifferent).
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The source data, i.e. building points in the naideTRS89-TM35FIN, were converted into
ETRS89-LAEA (Figure 31 and Figure 32). After thengersion, the building point data were
joined with the LAEA grid net.
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Figure 31 INPUT building points in national ETRS89- Figure 32 INPUT building points after conversion inb
TM35FIN projection. ETRS89-LAEA grid net is behind.  ETRS89-LAEA. The location and pattern of the spatial
distribution stays unchanged. The converted building
points are joined with the ETRS89-LAEA grid net with
spatial join.
By spatial join, every building point is given aidyiD, and the aggregation phase can be
performed (Figure 33). This method keeps the oaigtfata as they are and no quality errors
occur. However, the weakness of this method isithhajuires the use of primary micro data.
Therefore, the method produces double datasetthanthtional production process will have
an equivalent duplicate process for a harmonisedgean dataset with more or less the same
phases.

kmN4627E5036 TkmN

38
kmN4626E5033

AkmN4625E5033

AkmN4624E5033 kmNA4624E5036 tkmii624]

17
AkmN4624E5035

Figure 33: After aggregation, the ETRS89-LAEA gridnet contains population sum by grids.

Method 2: Recasting the grids - conversion of griddata starting from ready-made
national grid datasets

In the second test, the conversion of grid data HERS89-LAEA is performed using
national ready-made grid datasets (Figure 34).
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Figure 34: The national grid data are produced by tle Figure 35: Polygon to point operation creates theeamntral
best national ways. points of the national grid cells. The points represnt the
grids and all the attribute data a grid cell contans are
now the attribute data for the point. The national gid
centre points are now converted into an LAEA
projection.
In this study, the national ETRS89-TM35FIN grid akst was converted into ETRS89-
LAEA. Given that a direct conversion by reprojentiof square grids is not useful due to the
distortion effect, the grids were recast insteaelcd®ting of grid cells involves a number or
processing steps. First, the grids were transfornméd points. The conversion of the
projection is made for the points, which here repre¢ the grids (Figure 35). This test was
made by using the middle points of the grids, siiices likely that a middle point best
represents the g-6.rid cell in quesfibrAfter creating and converting the points to ETRSS8
LAEA, the next phase is to overlay the grid poiots the LAEA grid net. By means of a
spatial join operation, every grid point will haaa LAEA grid ID (Figure 36). After the
joining, the aggregation is performed (Figure 3i)these tests, the aggregation was made
using the Summary Statistics tool in ArcGIS.

Figure 36: The converted grid points are joined wih the Figure 37: Population by LAEA grid cells.
LAEA grid net.

Effects of the grid cell size on the quality of theecast grid data

4 \When using the GIS software, the polygon to ppiathod usually creates points in the middle ofgtie cells. However,
if it is felt preferable to locate the points irettower left-hand corner of the grid cells, then easily be created by
reducing half of the length and height of the giites from the original co-ordinates. New pointseeated from the
calculated co-ordinate pairs.
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The manner in which the grid cell size of the aradinational grid data influences the derived
one square kilometre LAEA data was also tested. fEsts were made using one square
kilometre, 250 x 250 metre and 125 x 125 metresgriche first two sizes are used in the
Finnish Grid Database product and in this caseesgmt national ready-made datasets whose
data are updated annually. The data by 125 meits gepresent here the finest resolution
data availabfe. The data produced by Method 1 (by converting primdata, building
points) were used as the reference data (populdyoone square kilometre in ETRS89-
LAEA).

The smaller the size of the grid cell used to retas dataset the more similar the figures
were to the reference data. According to the bstsiistical figures, recast data from the 1 km
x 1 km national grid data differ the most from tieéerence data (Table 8). It is worth noting

here that the total number of grid cells and thati@l population are quite similar between the
data converted from building points and the datastfrom the 125 m x 125 m grid data.

The number of grid cells in the dataset is highkemvusing the recast 250 m grids and lower
when using the recast 1 km grids in comparing #fierence data. The difference between the
250 m and 1 km datasets in the measured numberhabitants is due to the differences

between the national grid nets of different sizes.

Table 8: Metadata of test datasets - The datasetsea POP_1KM_LAEA - data from converted building
points, POP_1KM_125M - data from 125 m x 125 m natnal grids, POP_1KM_250M - data from 250 m x
250 m national grids, POP_1KM_1 km - data from 1 knx 1 km national grids.

Number of
Dataset grids Mean Sum Minimum Maximum

Dataset from converted building points

POP_1KM_LAEA 102 050 |51.0 5204 192 1 14 053

Datasets from converted grid points (by recasting)

POP_1KM_125M 102 249 |50.9 5204 192 1 14 197
POP_1KM_250M 102 759 |50.6 5204 166 1 13 283
POP_1KM_1KM 99049 525 5204 179 1 19 175

To a certain extent, the results from the compagsof the datasets are as expected. The
higher the resolution of the national source dite,more accurate the results obtained. The
correlations between the test datasets are illestran Table 9. All in all, measured with
correlation, all the test datasets seem to givg kigh results. The relevant information here
is also the number of matched grid cells. Hugeodisin is seen between the recast 1 km grid
data in relation to the reference data, with ou&0Q0 grid cells not matching the reference
data. The distortion only shows in a grid-to-gramparison. As we saw in Table 8, the total
population figures remain nearly the same.

Table 9: Pearson Correlation coefficients and numlreof matched grids between data produced by using
building points in LAEA and derived national datasds.

% In the Finnish grid data system, 125 m x 125 rdgydre only produced to customers’ commissionssabgect to a user
licence in order to limit the use of such data.
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Dataset from converted building points
POP_1KM_LAEA
Correlation N of Matched grid cel
Dataset from converted building points
POP 1KM_LAEA 1.00000 102 050
Datasets from
converted grid points
(by recasting)
POP_1KM_125M 0.99900 99372
POP_1KM_250M 0.99495 97 216
POP_1KM_1KM 0.90989 81 647

The scatter plot illustrations (Figure 38) visualthe level of difference between the recast
test datasets in relation to the reference data.dBta produced from the 125 m x 125 m grids
are very near to the trend line of positive cotieta The 1 km grid data, in turn, are more

dispersetf.
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The differences between the reference data andetteest datasets were also calculated and
the results are presented in Table 10. The difterenvere analysed using the absolute value
of the difference in the number of inhabitants lglegrid cell. Comparing the 125 m grids

%6 The scale is different in the x and y axis (seedash lines, which are drawn to help see the gEedddentity line).
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with the reference data, the proportion of perfesthtched grids where there is no difference
at all is 65.7 per cent of all matched grids. Thare is 52.2 per cent for 250 m grids and only
24.7 per cent for 1 km grids. If, however, smallsdifferences are allowed, e.g. the limit of
five persons at most, the proportions of matchédsgare notably higher when using the high
resolution data, namely 91.3 per cent for 125 na dad 85.1 per cent for 250 m data. By
contrast, the quality of the 1 km data seems tajliée poor, as the proportion with the

difference of 1-5 persons is more than 60 per cent.

Standard deviations of the differences were alstutzied. There is a notable increase in the
standard deviation figures between the 250 m dadate 1 km data.

Table 10: Differences of derived national datasetsompared to data produced by using building points$n
LAEA. Columns: GRIDS - number of matched grids, StdDev - Standard deviation of the absolute values
of differences, DIF 0 - no difference, DIF 1-5 - adplute values of difference between one to five
(inhabitants) , DIF 6-10 - absolute values of diffence between six to ten (inhabitants), etc. The
differences are expressed also as proportions byaskes.

DIFFERENCES (abs.values) between method 1 data (from LAEA buildings) to derived datasets

DIF 11- DIF21- DIF 51- DIF 101- DIF 501- DIF over

GRIDS StdDev| DIFO DIF1-5 DIF6-10 20 50 100 500 1000 1000
125M 99372 12,7 65305 25428 4429 1924 1447 503 335 1

% 857 256 45 1,9 1,5 0,5 0,3 0,0

% 91,3

250M 97216 28,9 50742 32008 7105 3156 2170 1033 940 56 6
% 522 32,9 7.3 3,2 2,2 1.1 1,0 0,1 0,0
% 85,1

1KM 81647 1355 20194 31351 11606 7839 4903 1888 3000 574 292
%

247 384 142 96 60 23 37 07 04
%

63,1

9.4.4 Quality and data disclosure

When using a harmonised European-wide grid datt#setequired level of quality depends
on the use and the geographical scope of intefést.derived datasets are always slightly
fuzzy versions of the original data. The samegs ahore or less true for the total figures. The
inaccuracy is mostly a question of a shift in lomat The grid cells located in the
neighbourhood have the populations of the surrodigtiel cells. When the users’ needs are
of a general level, the inaccuracy may be irreleévan

Issues relating to data disclosure have been aaubi concern when producing data in more
than just one co-ordinate system or projection. e\mv, it is interesting to note that the
method presented here (method 2, use of recastiog not increase this concern. The
original level of spatiality is the character thigtermines data disclosure. For example, if in
the national co-ordinate system (and projectiorf) 2bx 250 m grids are safe from the point
of data protection, no extra information is revdaddter the conversion to the grid middle
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points. The situation is different when convertithg original primary dataset (as building
points in the Finnish dataset, method 1). In suchs®, a comparison of the produced and the
national dataset may expose highly detailed inféiona which may also contravene the
disclosure control rules that have been set. Thialso the situation when using the grid
middle points if the national disclosure controlesido not allow data with a resolution
higher than 1 km x 1 km.

Data quality in country border areas is anotharessf concern. By using these methods, the
population in the same grid cell can simply be s@ump in the datasets of neighbouring
countries. Country border areas are not a probldath wational, originally aggregated
datasets. On the other hand, when this kind ofonatidataset is next to a disaggregated
dataset, double counting of population may occumeéler, it may be possible to build a fine
tuning method for border areas when developinglib&@ggregation method.

9.4.5 Summary

Data from converted building points would provides tmost qualified harmonised data in
spatial terms. However, the double primary datasetsproduction phases make the method
rather heavy. Nor are the primary datasets neabssarilable to the grid data producer.
Data recasting from the ready-made grid dataseysafier an easier way to reach the target.
The smaller the scale of the ready-made source datd, the higher the standard of the
derived grid data can be. National legislation,cpcas and the nature of the source data
determine which method can be used and the qubhatycan be achieved.

The tests were made using Finnish datasets onlyoutd also be useful to conduct tests and
comparisons with datasets from elsewhere than Neaftern Europe.

81



The European Forum for GeoStatistics — ESSnet pr@&OSTAT — Representing Census data in a
European population grid

9.5 ANNEX V. Generating population grid data by aggregaion - simple tools

Aggregation of data and the computation of finaladats is performed in France using the
SAS software alone, which only requires the basidute. The steps are the following :

Step 1 - Build a file of individuals with their geg@raphical coordinates expressed in any
national projection system

(in France the “Lambert Il étendu” projection sysje The actual making of the file is not
described here : in France it involves importingrdinates for individuals living in small
municipalities and estimating the number of peopkr dwelling that live in large
municipalities. In register-based countries theegation of the individual data may involve
importing coordinates or it may require nothing edhan just gaining access to the
individual file that already has coordinates irHbr the sake of simplicity, the following lines
assume that there exists, at the end of step le §%% data file ‘census’ containing a single
record for each individual with its coordinatesnday.

Step 2 - Convert the national projection system tthe LAEA projection system.

Such a conversion is a simple sequence of mathemhatiperations. These are well
documented on the web site of the French NMAwy.ign.fr). “Algorithms” that can be
found there cover a large range of projection systand therefore may be of some interest to
other countries.

Step 3 - Truncate the LAEA coordinates and build tie LAEA grid identifier relative to
each individual

Step 4 - Aggregate individuals sharing the same griidentifier
Step 3 and 4 can be perfomed in a single step asiIr®QL statement:

proc sql;

create table grids as select 'LkmN'"!put(floot(380,z4.)!"E"!put(floor(x/L000,z4.) as id,
floor(x/1000*1000 as x_LAEA, floor(yL000*1000 as y_LAEA, count(*) as pop from
census group by id, x_LAEA, y_LAEA;

quit;

The Output file can be in various formats. The chsimade for grid data dissemination on
the INSEE’s web site are the DBF and MIF/MID forsat

A first very popular file format is DBF, which isabed on an outdated software, but is
accepted by a very large number of softwares, dwsty GIS, because of its simplicity.
Consisting mostly of human readable text as CSwhédy it has the advantage of containing a
dictionary of the relevant variables, which reduttesneed for documentation.
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