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Foreword
This report presents the main results from the GEOSTAT 2 prajgeESnet grant projecbnducted

between 2014 and 201dhe main objective of the project has been to propose a model for ajoint
based geocoding infrastructure for statistics based on geocoded address, building and dwelling
registers. The outline of this model, as presentethia report, is based on national practices and
specific national challenges, and also takes into consideration the EU context. The scope of the
project has also included an evaluation of the Generic Statistical Business Process Model the
(GSBPM) in termsf its fitness for purpose to describe the use of geospatial data in the production of
statistics and to provide recommendations on the possible improvement of the GSBPM to better
address geospatial data management in the statistical production process.

Chapter 1 to 5 present the methodological framework of the project and introduces and elaborates
on the foundation of a poinbased geocoding infrastructure at the conceptual level.

Chapter 6 elaborates on the operational aspects of a poasted geocodingfrastructureasto

provide guidance to support NSIs in the process of setting up and maintaining such an infrastructure.
A number of key tasks has been identified and mapped against the main phases of the Generic
Statistical Bainess Process Model (GSBRMorder to demonstrate how the geocoding

infrastructure can be set up and used as an integral part of the general statistical production process.
The key tasks proposed in Chapter 6 are illustrated with national use cases presented in annex 1.

Chapter7 demonstrates how the GSBPM can help NSls to mainstream the use of geospatial
information in their statistical production process. It also offers suggestions on how the GSBPM could
be extended to recognise better the use of geospatial information in tidwéstical production

processThe GSBPM and its application to geospatial information have been approached through a
set of workshops and exercises conducted jointly by the project consortium, as well as by project
members and cestaff in their respectiveffices.The results from these exercises can be found in

annex 2, 3 and 4.

The project has been coordinated by Statistics Swedtwhsupported by Eurostat. The project
consortiumcomprised cepartners from six other countries. Tipeoject participantsand contributors
to thisreport have been:

Marie Haldorson, Jerker Mostrom & KaHedeklint, Statistics Sweden
Ingrid Kaminger, Statistics Austria

Riha Tammisto, Statistics Finland

Vincent Loonis, National Institute Statistics and Economic Studies
OlaNordbeck & Ek Engelien, Statistics Norway

Amel i a WS&hanf, Lental Statistical Office of Poland

Ana Santos, Statistics Poland
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1 Introduction

1.1 Background

As the world faces complex challenges to managited resourcesthere will be an increasing need

for statistics toprovide information orhow, whenandwherespecificresources should be allocated.
Only recently the United Nations Sustainable Development Goals (SDGs) have added a new set of
targetsthat will need to be monitored through official statisticés a resultthe need for accurate

and reliable statistics has never been more apparent.

Through thdink to administrative areaseggraphy has alwaysrmed part of statistics but
traditionallyin a rather passive wagypicallyas a spatial container fahe disseminatiorof statistical
outputs. However,in order torespond tothe wherecall, statistics need to bincreasingly
understood within the context of locati@andtemporalspatial relationshipsTothis end NSls need
to considerthe location aspects throughout the statistical production processiamgrove their
ability to integrategeospatiainformationin the collection, processing and dissemination of data.
Only thenthe full context of geography can be aftito statistics

The needo enhancehe use of thespatialdimensionduring thecollection,processingand

dissemination of statistics has beanknowledgedy the EU and its Memb@&tates foralmost two

decades. Drawing onthe efforts made by Nordic countrie® developharmonised gridded

population datain the 19905 Eurostatinitiated the*TANDEM projettin 1999. The TANDEM project

was a feasibility study towards a common geographical base for statistics across the European Union.
The project argued that the system of NUTS areas oEth@nd administrative areas in generalas

far from idea) given theneed forflexible and comparablgeospatiaktatistics. Valuable geographical
patternsarelost bythe aggregation of datéo the NUTSandthe comparability of territories grows
increasingly weakl he projectpaved way for daarmonised small area outpsiystem for Europand

made a strong case o r a geefoapbi’aali sbass”

“

This work was resumed around the 2011 Population and Housing ¢eviduthe launchof the ESS
longterm strategy toharmonise territorial statistics and totegrategecspatial information and
statistics- GEOSTATNh 2010Eurostat launched thérst ESSnet proje¢tGEOSTAT-representing
census data in a Eapean population grid datas&étTheaim of the projectwas to develop a vision
andmethodologyfor aEuropean poplation grid datast and at a later stage, t@roduce thefirst
version of a European dataset with population characteristics into a 1kmbgsield on the Census
2011% The final European GEOSTAT 2011 grid dataset was compiled from 28 natioteiagets
based on national census infoation, and gaps were filled with modelled information for only four

' UNECE 201&-depth review of developing geospatiaformation services based on official statistibiote
by the UK Office for National Statistics.

2 http://unstats.un.org/sdgs/

% Eurostat 2002. TANDEM GFA (feasibility) study towards@mmon gegraphicabase for statistics across
the European Union. Working papers and studies.

* EFGS/GEOSTAT 1 2@POSTALA- Representing Census ddtaa European population grid=inal report
2012; EFGS/GEOSTAT 1 2014 GEOSFAInHBreport 2014.
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countriesin total, representing less than 2 million citizens or less thgertentof the population of
the EU.

Besides successfultyoving fromavision to practice by putting together the first ever p&aropean
high resolution population dataseand the first European geospatial statistipsoduct,the project
concludedthat “a point-basedf o u n d avasineedetto connect statistical informatioto spatial
location The project demonstrated thdhe “bottom-u p ” a g g usiaggg@ointibased spatial
reference systenfor statisticsresultedin far better data quality tha@a hybrid, let alonethe
disaggregation niods.

The successful resultdbtained inthe GEOSTAT 1 projaéaspiredthe ESS to make further progress in
achieving statisticajeospatial data integratioalong the entire statistical production process
2013the DIMESAmandated aTask Force omtegration of geograpy and statistico develop
recommendations for improved information integration within the EB%& Task Force endorsed the
need fora pointbased foundation for statisticasproposedby the GEOSTAT 1 projelttalso
concluded that statisticalgeospatial data integration should start at the level of individual statistical
unit records.Consequently, when Eurostiunched a call fothe secondphaseof the GEOSTAT
projectin 2014 the necessargeospatiainfrastructurewas in focs.

® EFGS/GEOSTAZN2.GEOSTAT HRepresenting Census data in a European population- giirthl report
2012;EFGS/GEOSTAT 1 2@@EOSTAT 1H-inal report 2014.

®ocation or extent aréhe main characteristics of geospatial statistics. Geospatial statistics is geocoded to

small (in most cases below level 5) administrative or-administrative geographies.

‘DI MESA means Directors’ Meeting odAcReargst onal , Spati al
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2 Problem statement

2.1 The outset and identified needs for modernisation

Over the past 10 years, the demand for statistical information that is linked to locdtasgrown
rapidly, withthe demand coming from users in all sectors: government, commerciafomngtrofit,
academia, and citizen$he growinglemand for this location information, includingospatial
statistics, has occurred because peqpléministrations, governmertiodiesand other organisations
want to gain insights into their populations tire topic of interest in increasingly greatesmporal

and spatiadetail. An important facet of this insight relates to the location of the populations under
consideration; in many instances the insights are specifically required at the local level. Moreover,
rapid increases in the mobility of people, products and sestiigger theneed to develop greater
insight into the complex dynamics within and between regions. Past assumptions about where
people live, work, play or access services no longer hold in the modern ¥vorld.

Insights derived from the flows of people ahdsiness transactions between locations, as well as
more traditional regional demographic and business statistics are being uieelgrowing trend
t owar d shasétdodecsioma ki ng” .

There area numberof drivers fora closer integration of statisticand geospatiahformation. One of
the key areas of the ESS Vision 202@ harnessiew datasourcescomprising Bidata,
administrative dataand geospatial data. Using data from a rangeafrces, fomultiple purposes
requires their integration into a common reference systenhafmonisedconcepts, but also
commonlocations and time Therefore, users have not only increased their demand for location
information but they also requiresimplerintegration of data acrossavious data sources used in
their analygs!® Along with time, location and space are neutral and wlefined concepts and
hence can be used to integrate data from a wide range of topics.

The requirement to develop an integrated statistical ajgbspatid solutionfor the 2021round of
population censuses has been repeatedly expressed in the UN context, e.g. by the UN Committee of
Experts on Global Geospatial Information Management in its report from 2013 and the UN Expert
Group on the Integration of Stiatics and Geospatial Information (E&GI):* Also inthe ESS context

the 2021 population and housing censughis firstdriver.

Within the National and International Statistical Systems there is a move towards an increased use of
administrative data and registers for census purposes. In parallel, many countries have launched
national geospatial strategies ggeocodeadministrative record#n orderto support data linkage.

® UNECE 2016tatistical and Geospatial Informatieran Australian perspective on challenges and
opportunities Note by the Australian Bureau of Statistics

® ESS Vision 2020.
http://ec.europa.eu/eurostat/documents/7330775/7339647/ESS+vision+2020+brochure/4baffé68-4372
blea40784caldb62

Y UNECE 2016tatistical and Geospatial Informatieran Australian prspective on challenges and
opportunities Note by the Australian Bureau of Statistics

" UNECE 201@-depth review of developing geospatial information services based on official statiStits
by the UK Office for National Statistics.
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Official Statistics can take advantage of this increasedlddtage through geocodegadministrative
data for the 202Tound of population censuses.

I n response to the gr odimensigntostaigicsNSIbaveaadbd t he “ wher
increasingly flexible to be able to deliver the range of statistics requirbi flexibilitycan be

achievedhrough the modernisation of official statistics which UNECE is facilitagimgeans othe

Common Statistical Production Architecture and Generic Statistical Business Process Model (GSBPM).
These are flexible frameworldsat should allow geospatial information to be integrated into the

statistical process without too much impact on the existing organisational structure.

The economic realities are such thihe resourcesavailable tgpublic information agencies, such as
NationalNSIsand NMCAgNational Mapping and Cadastral Authorifieare becoming constrained
with the increasing need to do more with less. These realities bring with them the challenge of
having to maintain the quality and value of authoritative inforinatin order forthe users to
maintain the level of trust in datarhich appeargritical for evidencebased policies. It follows that
along with diminishingesources, it becomes increasingly more important that they are used
effectively with a viewo retainingtheir public value'?

Several international expértgroups have been discussion for a number of years on the best way to
respond to the above challenges specifically from a geospatial perspective. The conclusion is that
location needs to be tightlgnd fully integrated into the statistical production process using a point
based foundation for statistics. This polmised foundation for statistics would enable NSIs and the
European Statistical System to answer the following needs:

1 Increase elevance- by linking statistical information tgpecificlocations, NSls wilenhance
their ability to groundplacebased decisiommakingpolicyin a spatial context.

1 Increase fficiency—amore flexible production setupan provideawide arrayof statistical
outputs (in spatial and thematiterms) at low costs

1 Improve imeliness- by linkingadministrative data sourcesith authoritative location data,
NS§ are better prepared toespond tothe rapidly-growing usersneeds.

2.2 Aim and scope of the project

Themainobjective of the GEOSTAT 2 project has begraposea model for a poinbased
geocoding infrastructure for statistics based on geocoded address, busidthdwelling registers.
The outline of this modebspresented in this report, is based ontimnal practicesand specific
national challengesaind also takes into consideration the EU cont&kie ESS vision of a fully
geocoded census has beepriority of the proposed setup of a poittased geocoding
infrastructure However, the model should tseiitable for officiaktatisticsandfor other public and
private data in the widest possible sense.

2 UNECE 2016Inited Nations initiative on Global Geotsiagd Information Management (UBGIM)- All about
connections Note by United Nations initiative on Global Geospatial Information Management.

1 Including the UNSGIM Expert Group on the Integration of Statistind Geospatial information, the GISCO
working group, the European Forum for Geography and Statistics, and the ESS Task Force on the Integration of
Statistics and Geospatial Information.
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The scope of the projettasalso included an evaluation tfe Generic Statistical Business Process
Modelthe (GSBPMin terms ofits fitness for purposéo describe the use of geospatial data in the
production of statistics antb provide recommendations othe possible improvement of the GSBPM
to better address geospatial data management in the statistical production process.

In essence, the aim of theport is fourfold:

T
T

To proposenow a pointbased geocoding infrastructure shoudd set up and maintained

To describe how such an infrastructure should be integrated into the statistical production
architecture and processes in NSIs;

To demonstrate how the GSBPM can hépldo mainstream the use of geospatial
information intheir statistical production process

Togive advice omow the GSBPM could lextendedto better recognisehe use of

geospatial information in the statisticatqriuction process

10
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3 Approach

Themainapproach to obtairan empiricalinput to the projecthas beeran inventory othe existing

national and suknational spatial reference frameworkand geocoding practises the ES$1ember

Sates, candidate countries and potent@dndidates, conducted during the first year of the project

The inventory was carried out as a welsed questionnaire addressing NSls. However, as the
guestionnaire contained a set of questions regarding the emcsenf geospatial data, respdents

were urged to liaise wittNMCAs or other authorities providing spatial data in their country before
completingthe questionnaireThe response rate wary goodand theresults from the survey

provedto delivera very exhaustive source of informatiohfull reviewof the resultsobtained inthe
surveyc an be found in the “ Srprt? alising Statistics

Apart fromthe surveyin question avaluableinput to the project has been collectéldrough studies
of a variety ofreference materiad, most notably reportproduced byUN-GGIM UNECH; urostat,
previous GEOSTAWojects, differentproject reports and conferengeaperspresentingnational
practises

The GSBPMINd its application to geospatiadformation havebeen approached through a set of
workshops and exercises conducfethtly by the project consortiumas wellas byproject members
and caostaffin theirrespectiveoffices.

Last but not least, interacti@with otherrelatedinitiatives and colleaguein NSIs and NMCAs
around the worldhave been important toelaboraing the foundation on which theesults are built.
Inthe courseof the project, he project memberéave participated in several working groups, such
as theUN-GGIM ExperGroup on the integration of statistical and geospatial information, the UN
GGIM EuropeWorkingGroup B on data integration and the IABBBGNorkingGroup on geospatial
information.

“EFGS/IGEOSTAT 2 2016: Spatialising Statistics in th&@E&sgfts fom the 2015 GEOSTAT 2 survey on
geocoding practices in European NSlIs

11
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4 The methodological framework of GEOSTAT 2

The GEOSTAT 2 project has pedsits work in aich setting ofinitiatives onthe global and European
level to strengthen théntegration of geography and statisticBhroughthe active involvementrom

the project consortiumthe GEOSTAIproject hassought to enrich its own resultas well ago
contribute to the progress of othenitiatives Most notable is the work conducted undére UN

Global Geospatial Information Management, GGHimultaneously with the launch of the GEOSTAT
2 project, UNGGIM seup its European committeevhichopened up for synergies between
GEOSTAT 2 and the \®&GIM: Europ&Vorking Groups.The resultobtained bythe working groups
(WG A Cor®ata and WG B Datategration) have partially been incorporated in the resalthieved
within the GEOSTATp2oject.

Another initiativewith relevance fothe project isthe development of the Global Statistical
Geospatial FrameworfSGFY. Theemergenceof the SGF has providedsalid context for thepoint-
basedgeocoding infrastructur@resentedin this repot. TheGEOSTATr2sultsshould be
understood aghe implementationguidance for NIS, mainlyas regards fhciples 1, 2 and partially
Principle 4of the SGHsee Figure 3)

4.1 The Global Statistical Geospatial Framework

The international statistical angeospatial communities have recognised the challengebaftter

integration of geospatial and statistical informati@nd have responded by establishing the United
Nations Expert Group on the IntegratiSGhtoof St at.
develop a Global Statistical Geospatial FramewSfkl. TheSGF shouldct as a bridge between

statistics and geospatial information, betweenI®&nd MICAs, and between statistical and

geospatial standards, methods, workflows and tools.

TheSGhr ovi des the international community with a <c¢
economic and environmental data specificlocatiors, and improves the accessibility and usability

of this g¢geos p aFRigura lbdlowhighliglasttHe angortaheetofdocation information as

a toolintegratingthe followingthree domainsthe society, the economy and the environment.

' United Nations Expert Group on thetegration of Statistical and Geospatialformation2016. Background
Document on Proposal for a Global Statistical Geospatial Framework (Advaradedsinf 28/07/2016).

12
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7

ENVIRONMENT

Location

People = N Businesses

M (s
SOCIETY ECONOMY

Figure 1 Location as a link betweethe society, the economy and the environment

In its first versiontheSGF ocuses on the socio-economic and env
traditionally produced by NS§(see Figure1l) T h e UN chrinrué t&dévelopthé SGRand

monitor its implementatiorwith a review point in 2019. The intention of the Expert Group is for the

SGFHo be inclusive of all statistical and geospatial data, and to enable and encourbsge ok

beyond traditional data sources and methods.

TheSGR s a hi gh- | etcenbistsfofrfieerreas prindiples that are considered essential
for integrating geospatial and statistical information (see the orange layers ireRdgpelow).

Accessible
& usable

Statistical and
geospatial interoperability

Common geographies
for dissemination of statistics

Geocoded unit record data
in a data management environment

Use of fundamental geospatial infrastructure and geocoding

Figure2: The Global Statistical Geospatial Framewd8GF)

Each of the hi ghSGHssefieetl by@a set af gpalspahdeolsjectives, @idh e

supported by international, regional and applicable domestic standards and best psadiiese

principles alongwith the associated goals and objectivese discussed below. The standards and

best practicsthat will form the detailed guidance for countries implementing 8@Fare still under
13
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consideration by th&J N E G and ®il3ble brought to thé&JN Statistical Commissienn d UN- GGI M
for consideratiorwhen finalisedThe essence of the five principles is set out below but it is not the
scope of this report to give a full introduction to the SGF.

Principle 1: Use of fundamental geospatial infrastructure and geocoding

The goal of this principle is to olitea high quality, standardised physical address, property or
building identifier, or other location description, in order to assign accurate coordinates and/or
a small gographic area or standard grid reference to each statistical unit (i.e. ahitre-
datalevel). Time and date stamping these locations will place the unit both in time and in
space. The process of obtaining locations and geocodes should use relevant, fundamental
geospatial data fronthe National Spatial Data Infrastructures or other oatlly agreed
sourcesThe gocodingof statistical units using point referencing is highly preferable when
compared tomerelyassociating statistical units with a geographic region (i.e. a polygon).

As the goal of the GEOSTAT 2 prdjest beerto developa draft model for a poirtbased
geocodingnfrastructure for statisticsPrinciple 1 can be considered substantially covered by
the project(seeChapters and 6.

Principle 2: Geocoded unit record data in a data management environment
TheSGRecommends that the linkage of a geocode for each statistical unit record in a dataset
(i.e. a person, household, business, building or parcel/unit of land) ®edthin a data

management environmenPersistent storage of high precision geocodes enables any
geographic context to be applied when preparing the data to be released in the future (i.e. in
aggregating data into a variety of larger geographic units or to adapt to changes in geographies
over time).Moreover, geocodes can enable data linking procefisgsaim to integrate

information of varying nature and sourcbyg so called linked data techniques

Many European NSIs have already developed, or are under way to develop, environments
(“"geogr aphy kdyxtdadlma sacbha’s exwr’ )* f oof statishiqals i st ent | i n
information to location data. Principle 2 is partly covered in GEOS{#EChapters and §.

Principle 3: Common geographies for dissemination of statistics

To enable comparisons across datasets from different source§@kecommends that a

common set of geographies be used for the display, reporting and analysis of social, economic
and environmental informationwhileth e E G- | SGI recogni ses the i mp
statistical and administrative geographiésalso ecommends NIS to consider the benefits of
gridded data. Gridded data can be both a rich source of information and a consistent
geography for disseminating and integrating informatibnEurope, the NUTS classification,
functional territorial typologiesigch as the Degree of Urbanisation, the forthcoming TERCET
regulation, and the INSPIRE specifications on statistical units including statistical grid systems
provide already a solidasisto ensure comparable territorial data dissemination but further
refinement is needed.

Principle 3 has not been in the scope of GEOSTATG@EOSTAT 1 has exhaustively studied
the use of statistical grids as geographies for population and census information

14
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Principle 4: Statistical and geospatial interoperabilityData, Standards and Processes

Both the statistical and geospatial data communities operate their own general data models
and metadata capabilities; however, these afeen not universally applied. The statistical
community usethe Generic Statistical Informatn Model (GSIM), the Statistical Data and
Metadata Exchange (SDMX), ahd Data Documentation Initiative (DDI) mechanisms. The
geospatial communityon the other hand, makasseof the General Feature Model (GFM) and
the ISO19115 metadata standard, plusuanber of application specific standards.

Within the statistical community there is a need to build geospatial processes and standards
into statistical business processes in a more consistent matmeonsequencaheE G- | S G|
has recognised tha top-down approachs required with a viewo incorporating geospatial
frameworks, standards and processes more explicitly into the Common Statistical Production
Architecture and its components$n particular, theGenericStatistical Business Process Model
(GSPM) needs taefer, to a larger extento the use of geospatial data and methods in the
statistical production procesand inparticular the data, standards and methods that are
incorporated into theSGF

GEOSTAT 2 will hopefully contribute to the depeient of Principle 4, bothat the global and
European level, as one of the main resaitshis project isto propose more viable ways of
includinggeospatial processes into the GSBREeChapter?).

Principle 5: Accessible and usable geospatiahabledstatistics

This component of th€GFEemphasises the need to identify or, where required, develop

policies, standards and guidelinekichsupport the release, access, analysis and visualisation
of geospatiallyenabled information. There is a wide rangdetjislative and operational issues

that organisations need to be aware of when releasing and analysing information about people
and businessein a spatial contextOne important aspect of this principle is to enstivat

data can be accessed using safechmanisms thahot onlyprotect privacy and confidentiality

but also enable access to data in order to underta@ousanaly®s thatfoster decision
making.Principle 5 has not been in the scope of GEOSTAT 2.

At the Sixth Session of the United Nationsrattee of Experts on Global Geospatial Information
Management (UNGGIM) heldin August 2016the principles of the Global Statistical Geospatial
Framework were adopted. The background docum@mtesented athe GGIM6 explains th
framework n further detail.

When the GEOSTAT 2 projbegan,the SGF was still being elaborated. It has been very important to
align the efforts in GEOSTAT 2 with the SGF, so that the project mesultssupport the

implementation of the SGRAs stated above, the GEOSTAT 2 results can provide guidance to NSls as
regards an approach to the implementation of Principles 1 and 2, and partially Principle 4 of the SGF.
To this endthere will be a continuation in the next phase of GEOSTAT, the GEQ$Tdject. The

main focus of GEOSTAT 3 will be to develop the European version of the Global SGF for the ESS,
taking into accounthe existing conditions, initiatives and European and national frameworks.

'® United Nations Expert Group on the Integration of Statistical and Geospatial Information 2016. Background
Document on Proposal for a Global Statistical Geospatial Framework (Advanced Draft as of 28/07/2016).
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Figure 3lllustration of the link between the GEOSTAT projects and the SGF.

4.2 The Generic Statistical Business Proce ssModel (GSBPM)

The Generic Statistical Business Process M@®BBPMis a tool tounderstand and describe
business processes. UNECE also provides other supportive models, which include the Generic
Statistical Information Model (GSH)| the Common Statistical Production Architecture (CYRAd
the Generic Activity Model for Statistic@tganistions (GAMSY).

TheGSBPM documentation |ists the following benefi
and defines the set of business processes needed to produce official statistics. It provides a standard
framework and harmonised terminaly to help statistical organisations to modernise their statistical
production processes, as well as to share methods and components. The GSBPM can also be used for
integrating data and metadata standards, as a template for process documentation, for mianngo

statistical computing infrastructures, and to provide a framework for process quality assessment and
improvement”?°

A better understanding of the relation between geospatial data and statistics is a key element to
effectively mainstream these ofgeospatial information in the statistical production procekss

the belief of the project that the GSBPM miaglp NSIs talesign cros$roduct infrastructures for
geospatial information, i.e. theame infrastructure might be used for several statistipalduction
processes.

The documentation athe GSBPM includes descriptions of how to use the model in the statistical
production process. However, the geospatial dimension is completely ableGEOSTAT 2 project
therefore decided to evaluate the GSBPNh terms ofits fithess for purposgin orderto describe

the use of geospatial data in the production of statisdosl provide recommendations dhe

Y UNECE 2018ttp://www1.unece.org/stat/platform/display/gsim/GSIM+Specification

® UNECE 2015ttp://www1.unece.org/stat/platform/display/CSPA/CSPA+v1.5

' UNECE 2015ttp://www1.unece.org/stat/platform/display/ GAMSO/GAMSO+v1.0

% UNECE 2018itp://www1.unece.org/stat/platform/display/GSBPM/GSBPM+v5.0

' The other related models (GSIM, CSPA and GAMSO) were not evaluated. However, they seem to be relevant
at various levks of producing geospatiallelated statistics, e.g. data modelling, serviz@sed statistical

production and management of geospatial data among other essential data sets.
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possible improvement of the GSBPM to better addigessspatial data management in the statistical
production processThe result of thisvork is presented ilChapter 7

The GSBPM and the SGF are complementary rather than competing concepts. Connecting the
GSBPM and the SGF represents a precassated dynamic perspective ageospatial statisticas an
integrated part of the statistical production process. As such, incorporating the principles $Gthe
into the GSBPM is a step towards its concrete implementation.

4.3 A generic geospatial -statistical data model for the production and

dissemination of statistic s
In order tomake recommendationgarticularly onthe implementation ofa point-basedgeocoding
infrastructurefor statistics in the ES8\e full scope of geospatial information in statistical production
first needs to baecognisel. From a statistical production perspective, itrigportant to distinguish
information needed athe infrastructureto geocodedata fromgeospatiainformation neededto
create statistical contenfTheGEOSTAT 2 project suggests tha different roles of geospatial
information in statistical production can be descridedmeans of generic geospatiatatistical
data model.

One d the main conclusions of the ESS Task Force on the integration of statistical and geospatial
information was that countries shubd agree on ainique official reference data per countifpr
geocoding statisticand producing geospatial statistiasth clear ownership, defined scales and
attributes taking into account statistical requirements. Both administrative data sources avysu
information should be geocoded to the same referesgstem In general terms, all Member States
should make use of #segecspatial referencalata, mandatory for all public stakeholders at all
government and administratiolevels andfor all publicdata and administrative task8.

The Task Foramncluded thathe geospatial reference data for statistiisould be understooih

the widest sensas"“a consistentframework of geospatial data needetb produceand disseminate
statistics. The frameworlelaboratedby the Task Fordeas a broader scope thahe mere

geocoding ostatistical or administrative information. It al&mcompasses geospatial information on
which statistical contentan be built and disseminatedlence, he geospatial referencedmework
elaborated by the Task Force will hereafter be referred ta ganeric geospatiaistatistical data
model forthe production and dissemination of statistic¥he GEOSTAT 2 project believes that this is
a more accurat@escription of the concep#iccording tahe geospatiaktatistical data modethree
different tiersof informationcan beidentified, reflecting that geospatial information can be used
either as infrastructure data or as data to create statistical conterisoa combination dboth
purposes

9 Tier lcomprises geospatial informatiarsedexclusivelyfor the purpose ofjeocodng,
geographicallyepresentng or disseminaing statistical or administrative informatiorsuch
geospatial information is instrumental in the sense that is doeshast any intrinsicvalueto
statistics.It simply doesiot make sense to use this kind of informationstatistical
productionunlessit is linkedto other information.Examples of infanation inTier linclude

2 Eurostat 2015. Report from the Task Force on the Integration of Statistic@emnspatialiformation 2015.
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addresgdata, censusnumeration districtspostal code areastatisticalgridsor other
statisticalor administrative geographies.

1 Tier2 comprises geospatial informatiavhich is used botio geocode geographically
representor disseminate statistical or administrative informatiandto createstatistical
content Typicalinformationfound inTier 2includesbuilding information cadastral parcels
and transport networkdut also new data sources such as traffic sensor inftionaThe
mixedpurpose can be illustrated byubddinglocationdatawhichisa key dataset to
geospatially enableensudlata, but itisalso used tacalculateinformation on building
densityandbuilding footprints to assesshe degree of urbanisatioretc. Thegeospatial
objectof a buildinghasa value for statistics that goes beyoitsllocation

9 Tier 3 comprises geospatial informatiatich isusedonlyto producestatisticalcontent.
Despite its geospatial componeithis category of infanation cannot be usedirectlyto
geocodestatistical or administrative datas suchinformation inTier 3can be regarded as
complementanyto, andindependenfrom, information inTiers 1 and 2 Some examples of
datafoundin Tier 3includeDEMSs, land use or land cover majegpographic dataprtho-
photo orsatellite imagery or other products derived from earth observation data theory,
Tier 3 data can be anyeospatial datsuitable to create statisticalontent. However, in
order to guaranteethe adequatequality of statisticsTier 3 data shoulééncompass
authoritative datasetsor other properlydocumented andrusted datasets Typically datain
Tier 3needs to becombinedwith datafrom tier 1 or 2 in order to be transformed into
statistical information Thecalculation of land arewithin a NUTS regiocan serve as an
accurate exampldn this caseauthoritative data on land masmdtopographic mapslata
(Tier 3) is combined with dataset containing NUTi®gions(Tier 1).

® A Tier 1- Address location, enumeration districts,
‘ statistical regions and grids
Geospatial
! [ Infrastructure
X’Ai\\ 5 data
5'\\5 K¢ Tier 2- Buildings/dwellings, cadastral parcels,
' ‘5’5’ ‘ transport network, land parcel information
Tier 3 — Authoritative topographic data, ortho Geospatial data
photo and satellite imagery, land cover data, — for statistical
DEMs content

Figure 4:Tiers of information inthe generic geospatiastatistical data model foithe production and
dissemination of statisticsA workplacegeocoded to araddress location (Aan be linked tca cadastral
parcel (B)Yrom which land use can be assessed by combining the parcel with a land use maph@imnore
consistent thesystem the more opportunities forflexible linking of data.

In conclusion Tier 1, 2 and 3 in its totality represent the geospatial data that are required-to geo
enable all relevant statistical information from enumerations, surveys, administrative and alternative
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data sources at the unit record and aggregate léhiedughout the statistical production process.

Tier 1 and 2 are of a more fundamental nature and are therefore defined as the geospatial
infrastructuredatafor statisticswith the main purpose to geocode, spatially integrate, disseminate

or represent stastics (e.g. on mapshs GEOSTAT 2 mainly deals with the conditions for geocoding
statistics the rest of this report will therefore focus on Tier 1 and 2. The full statistical geospatial data
model will be discussed again as part of the folaquvprojectGEOSTAT 3.

The categorisation of geospatial information outlined above is different ttwarraditional or

emerging categorisations of geospatial informatisanch as topographic data, core data,

fundamental data or reference data. As an examitie working group on core data of USGIM:

Europe has put forward 14 INSPIRE themes as core data that comprise many of the themes of tier 1,
2, and 3 of this categorisatih

Although both categorisations have their specific applicajdrshould be avoided thatheir
applications create confusion and erect communication barriers. This will be followed up together
with UN-GGIMand GEOSTAT 3

2 UNGGIM Europe 2016. Core Data Scaflerking Group AFirst Deliverable of Task 1.a
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5 A point-based geocoding infrastructure for statistics

Building on the generic geospatsthtistical data model fostatistics asoutlined above, his chapter
introducesand elaborate®n the foundationof apoint-based gecodinginfrastructureat the
conceptual levelThe aim isiot onlyto facilitatea common understanding difie characteristics of
this geocodingnfrastructurebut alsoto outline the benefits, limitationsand challengeassociated
with a pointbasedinfrastructure specificalljor statistics.Generic considerations with regard tioe
infrastructureset-up and useare discussechnd some recommendations are presentéthwever,
more operational aspectselated to theinfrastructureare further explored in chaptes.

5.1 What is a point -based geocoding infrastructure ?

In afundamentalsense a pointbasedgeocodingnfrastructurefor statistics can be understood as
productionsettingwhere arecordholding X, Y (and Z) coordinates of a locatidong with a unique
identifier (Id), can be linked to a record wittatistical or administrativedatawhichbelongs to this
point. This process is callégdjeocoding of statistics or other datarhe actual purpose of theoint-
based approacks to assign a single coordinate locatioretich unitrecord The term*point-based
should be understooih contrastto “areabased which appearsn traditional surveys and censuses
wherethe populationsurveyeds assigned to fixed ouput area such agn enumeration districtlt
should be stressed thahe proposed shift froman areabased toa point-basedapproach as
described hee, onlyrefers tothe geocoding infrastructuréself and hence to the collectioand
processingf statistics The areabasedapproach isand willcontinue tobe, the primary methodfor
the dissemination of statistics.

Point-based Area-based
Unit record data Unit record data
Location data ﬂ Location data
/’““\
s "\-'
t L RRRR,
\ o
th

Figure 5:The conceptual difference between poirfiiased andareabasedgeocodinginfrastructures.

In Hgure 5above, the conceptual differencebetween a pointbasedandan areabasedgeocoding
infrastructure areillustrated In both cases there ia record with statistical dat@omprisingfour
individuals and acorrespondingecord containing location datdn the point-based approaclshown
onthe left, each individual in thetatistical datarecordis linked to auniquedwellinglocationwhich
has not been aggregated andsisatially represented by three different point locatiofisvo
individualshave been assigndtie same location as thegrelinked to the same dwellindn the
areabased approachn the right, all four individuals are linketb the samespatial objeci{Block A)
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as the areebased approach does not suppapatialdiscrimination of th& individual dwelling
locations

The underlying assumption of the GEOSTAT 2 project is that aljasietigeocodingnfrastructureis
far more flexible in terms of production and maintenance than a traditianesbasedinfrastructure
with fixed output areas, such as enumeration districts or other small afdegoint-based
infrastructureis basically aystemto integratedata inorder to better exploitthe spatialdimension
of statistics. A suchit does notpresupposea specifianode of data collectionThe pointbased
approach can be implemented the context of traditional Census data collectj@s well as ithe
administratve databased contextHowever, as one of the key goals of the ESS Vision 2620 is
better exploit new data sources for statistiiS|s shouldpt for a pointbasedinfrastructurebased
on authoritative location dataalongwith use ofadministrativedataas this also allows easier
integration with other data sources sharing the same location.

5.2 Constraints and challenges

In theory, the poirtbased approach is a simgencept However, in practiceit mayencompass
several challenged he firstand by far mostimportant, precondition forthe successful
implementation ofa point-based approach is accesstigh quality location datasuch as address
information or building location dataccording tahe survey conducted within the GEOSTAT 2
project”, the conditions regardingccess to, and use, these data sources vasgronglyamongthe
ES®ountries.Data sources qualifying for high quality pceiotationdataexistin the majority of the
ESS countrietHowevetthis doesnot necessarymply that they are used aa point-based
infrastructure to geocodstatistics.There are several reasohehindthis:

1 The gospatial dta coveragenay be incompletasaddressor buildinglocation data exists
only in urban areaser in certainregions of the cantry

9 Access t@geospatiadata is restrictecither for legal orby financial reasondata can simply
be tooexpensive.

1 The qualityof geospatial datastoo poor; it is outdated with regard to the statistics.

1 No consistent legal, technical and organisatioftamework forofficial geospatiabata exists.
The roleof official data iscrucialas statistical institutes needs to be able to relya long
term data provision strategy

Altogetherthese conditions pustrains onthe development of point-basedinfrastructurefor
sttistics. At the same timareabased census frameworksve beersuccessfullysed for decades
in many countriesChangingthe approachand systematically geocoding all census information to
location pointsrequiressubstantial investments anchn only beexpectedif the basicconditions are
sound and safe.

The conceptof a point-basedgeocoding infrastructurenay not be fully embraced also for other
reasons Althoughhigh qualitylocation dataexists,and isboth sound andaccessiblglegal
restrictionson collectingand storingnon-aggregated population dataayfoil ambitions to establish

*EFGS/GEOSTAT 2 2016. Spatiglgtatistics in the ESS. Results from the 2015 GEOSTAT 2 survey on
geocoding practices in European NSlIs
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infrastructures togeocodeindividuals to the single coordinate leyelen in internal production
databases of NSls.

5.3 Characteristics of a point -based geocoding infrastructure
The characteristics of a poibasedgeocodingnfrastructureencompasshe followingthree generic
principles:

9 Use of high quality poidbased location dataregularly updatedvith time stamps
1 Geocoding of statistical unit, and related statistical information, at unit record level
1 Use of standarded identifieis’geocodesto link unit record datawith location data

High quality poirtbased location datahould be understood ageaspatialinformation that
accuratelyrepresentsthe geographidocationof agivenphenomenon.The acurate pointbased
representation of an individuar a dwellingtypically requireghe use ofa geocodedaddressor
building dataDepending on various traditioteroughout Europethe rationalefor choosing one of
the categaiesoveranother may vanbetween countriesThe GEOSTAT 2 projbess concludedhat

it is of less importance/hetherthe geocodingnfrastructureis builton address data, building data or
cadastral parcel informatigras long a# can producenarmonisedoutput with equal quality cross
countries.

Hence, he choice of location databjectsshould rather be guided hiye principles of
authoritativenessand maturity of the location dataas well ady thepotential forlongterm

temporal maintenance. According to tii@EOSTATS2rvey temporal accuracy and watlanaged
maintenance policies amated evenhigher thanthe spatialaccuracyof location data®® Yet, the
topological and geometrical accuracy requirements may play an important role. As an extmmple
reference points need to be on the correct side of a street, and fall into the cquostal code areas,
enumeration areas, electoral areasc.

InsomeMember Stateslocation data frameworksompriseintegratedcombinatiors of address
information, buildingor dwellingdataandcadastral parcelddeally, thesebjectsare consistently
andhierarchicallflinkedto each other, enabling flexiblechoice ofthe location dataobjectsto be
used depending on thgurpose ofthe task ancthe scope of outputiata.

UN-GGIM: Europe Working Group A has recognised address, building and cauaseal
information as core dat& Being parbf the core data concepneans that these data sources will
gain higher priorityn thework towardsa more harmonisegroduction and distribution of pan
European geospatial data.

Geocoding of statistical inforation at the unit record level means that each statistical unit record
included in a dataset should be assigned a high accuracy geocode, i.e. without previous data
aggregation or groupinghe geocods assigned to each statistical unit recarded tomatch the
address codgor building codsfound in the corresponding location dateamework Also, records

®EFGS/GEOSTAT 2 2016. Spatiglgtatistics in the ESS. Results from the 2015 GEOSTAT 2 survey on
geocoding practices in European NSIs
* UN GGIM: Europe 2016. Core Data Scéyperking Group A-First Deliveable of Task 1.a
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from different statistical data collections or administrative data sources need to be assigned to the
same location code to allow for credsmain data integration.

The e ofstandardied identifielygeocodesto connect statistical information with location data
means thathe geocode®r identifiersusedshouldbe based on a nationallgind officiallyagreed
coding systenthat is unambiguousThe later requirement means that postal addresses are only the
second best choice as they are prone to inconsistencies, incompletamatesand duplicates.
However ot all countries havémplementedtheir national standardfor properly managingddress
information.

Finally, itis worth noting thatin addition to the three spatial dimensions of theocoding
infrastructure time asthe fourth dimension is equally important to consistently and unambiguously
geocode or georeference statistical unit recalaa. All features making up thefrastructureneed

to be time-aware and have atart- and enddate, or at least very good metadata to know when and
how the geocode was derived.

5.4 Approaches for setting up a point -based geocoding infrastructure
Though the concept of a poifitasedgeocodingnfrastructureis generic and thenderlying
principleswill be the sameross countrieshe productionsettingmaydiffer betweenindividual
countries due tovarious traditionsn data colection and governate betweenthe institutions
involved.

On the basis of the resultshtained inthe survey conducted in the GEOSTAT 2 project, three
different approaches can Heroadlyidentified among those countries that alreadiyave a point
based infrastructure in placés further elaborated below,azh approach has its own setlmdnefits
andchallengesn terms of performance and maintenance.

1.4 K2 dz& Soth location data and statistical data are collected and maged completely
within the NSI

The-hoiurs e "achaepepgesavhen, for different reasonihird party authoritativeaddress or
buildingdwelling information hasnot been accessible dit-for-purpose. Hence, the NSI haxsadea
strategic decision to build its own location data in ordes&b upthe infrastructureneededfor a
fully-geocodedcensus. The benefdf this approachs thatthe NShasfull control of the entire data
collectionchain includingthe coding systems (identifiets link a locatiorat the unit record level
and quality oboth location data and statistical datAs the entirechain of datds inhouse the NSI
doesnot have to deal withinconsistencyproblemsresultingfrom changego the address data
standardsetc., at least as long as no thighrty datg e.g.from taxauthorities needsto be
geocoded.

Highdata collection ananaintenancecosts constitute the drawback of this approaelsthe NSI
needs to bear the cosbn its own In addition, this approachmay alsamply the lack of synergies
regarding location dateDue tothe confidentialitylegislation, theNSI mayot be allowed to share
location data with othepublicinstitutionsand vice versaAs a result other data producers may use
different geocoding dat¢hat are not consistent with each otheFhislimits the use of harmonied
geocodes in records with public administrationsand eventualljhampersdata integration and/or
the coherence fothesedatasetswhichare not produced by the NSI

23



A Pointbased Bundationfor Satistics— FinalReport from the GEOSTAT rdject

NSI

Unit record data

® 1

Location data ¢1

Figure 6A concéJi dzl £ A f f dzd EKNRIAEASEY I AAINBRK OKa A Y
2.¢ KS & Kcdooahdh data is colleced and managed outside the N8hd statisticaldata within

The * hagpboachigjtiite common and can be found in countriegh awell-developed
frameworkof authoritative location data in combination withaditional censuslata collection
settings Typicallythe responsibility fothe collection and maintenance of location datstswith
the NMCAor with a consortium consisting dfie NMCA andhe municipalities.

Shared costs of the location data cotiea and maintenanceare he obvi ous benefit o
approach. Btential synergies inhe use of location dataonstitute another benefitlfa framework

of authoritativelocation dataexists otherpublicadministrationsare most probably usinthe same
data, whichprovidesaripe environmentfor anincreasedise of geocoded administragvdata aghe
source for statistics and better data integration.

The challenge of this approachtlimt NS$ have to considethemselvesone of many stakeholderin
terms ofthe nationallocation datapolicy. Policiesregarding themaintenance ofjeospatial datan

t he * ou twdlhavenasstrohgdmpacdn the internal statistical datanaintenance strategies
NS$ needto spend more timen monitoring andinterfering withpoliciesregarding thdocation data
collectionin order to safeguard@onsistent codingTypically some kind ofiformal agreement is
required between the NSI and thpeoducers of location datto ensurelongterm data accesdn
case nasuchagreements arén place there is a risk thathangingousiness modeler priorities
amongdataproviderswill endangettimely access to geospatial information.
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3.¢ K Satad NP ¢ $dthiBHocation data and statistical data are collected and managed outside
the NSI

“Data broker i mplies that the main apotherosach of
The NSI obtamlocation data frorNMC/A or otherprovidersof geospatial irdrmationwhereas data

for statistical contentare mainlyobtainedfrom other publicadministiations (tax administratioretc).
Typicallyaccess to administrative data is regulated in the statistical legislation, whaoeass to

location datais governedby separateagreements

Asinthecaseof he “ hy br ishdred eoptgf data aotlelctionrand maintenanceare the
obvious benefit of this approach.int he “ dat a b r, shked cosalsogapply tadatatd
be processed into statisticahformation, e.g. administrative sourceghere is also a great flexibility in
terms of production as data is typically based on administrative sources, upaetethly, weekly or
even dailyThe use of authoritative location data with officially agreedgmtes forms the basis for
registers/records in basically all public administratiansl ensures consistency of all datehich
creates almost unlimited data linkage opportunities

The downside of h databroker’ a p pisno er tittke direct control of data collection. Alse
collection ofadministrativedata is not conducted primarily for statistical purposes,sfsiohave to
deal with the facthat datamaybe structured ina way that requiresubstantialrestructuring
proceduresto make it ft for statisticalpurposes. In this type of productionrmode, NSligypically have
to spenda considerable amount of time and resourdestry to influence data collectiopolicies
within other administrative bodieslhis can be a cumbersome tasklzsre may be legislative strains
on the collection of datawhichis not needed to perform the administrative task, for which it is
collected, butwhich provesrucial for statistical purposeb1 some caseadministrative @tacan
come geocodedrom the custodianThis can pose probleniis case the geocoding method is
unknown or different tathe methods used by NSIs

25



A Pointbased Bundationfor Satistics— FinalReport from the GEOSTAT rdject

Tax administration

Unit record data

NSI

® 1

e 1

Location data

NMCA
Figure 8A conceptual illustrationofi KS a RIF GF 0 NB{SNE | LILINRI OK®

In principle all NSlIs in the ESS can be assigned to some of the approaches described ehyohe.
approaches are generalised as the producsettingmay comprise elements from different
approachesMixed use cases can also be identified where different approaapply to the same
NSI, depending on th&tatistical domain (e.g. social or business statistics)tdhbk to be conducted
and the information and specific infrastructure used for this purpdévertheless, the three
different approaches conceptualise serfundamental differences that need to l@derstoodin
order to providethe relevantguidance on how tduild and maintain g@oint-basedgeocoding
infrastructure

5.5 Can and should all kind s of information be geocoded to point location ?
Without questioninghe fundamentalbenefits of a poinrbasedgeocodingnfrastructure arelevant
issue to address is whether not all informationcanor should be geocoded to poitdcation.
Another relevant question is whethéhne official addressand buildinglocation datais sufficient to
build a completeoint-basedgeocodingnfrastructure To what extenisthere a need togeacode
data to the level of pointoordinateswhere address or building location datsynot be
appropriateor sufficientsource®

According to theespondentgo the GEOSTAT 2 surveyitiwsome few exceptions, a wathanaged
officiallocation datainfrastructurewith address anddr buildinginformationas its backbonétsthe
needsfor geocoding most of the information found MSIsor in other publicadministrations The
exceptions mentioned by the respondents can be divideéo two categories:

1 Cases where thdatasubject does not have a clear or easily discernible location (e.g. mobile
or internet transactionspopulation inmobile householdsr certain types of transport
statisticg.

1 Cases wherthe use of addressr buildinglocations will produce a neappropriate spatial
representation of the phenomena.

Someexamplef the latter categoryincludeagricultural holdinganddischarge points for water
and pollution from industriesAgricultural holdings may be inappropriatggocodedoy using
address informationvhenthe address location refers to the dwelling of the farmeather thanto
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the farm site of the holdingl'ypially, the farm site andhe place of resideoe of the farmer coincide,
but in case the farm site is very different from the residentthe farmer, address geocoding of the
agricultural holding may produce erroneous results.

Another problem with agriculttal holdings is thathey represent thesite of the holdingrather than

the spatial envelope of the farstead Areafeatures, such athe agricultural land belonging to the
holding will belinkedto a singlepoint location.Thismaypotentially cause erroneousutputsif, for
example administrativedata on agricultural land linked to point locations is aggregated to grid cells
as a result of whicthe wholeland will be assigned to the grid cell of the holdifie gocoding of
agricultural haflings may therefore require alternativecationstrategies, usingtand Parcel
Identification System (LPfSyr the collection oflocation dataspecifically for the purpose of
geocodinghe holdings.

In many countrieseconomic units opremisesof industriesor other enterprisexan begeocodedoy
means of address informatioin most caseghis willresult in a decent spatial representation of the
production site of the industryHowever the water discharge point othe industry may deviate
significantlyfrom the location of theproduction site and as sucleannot be properly represented by
the address locatiorlJsing the address locationay potentiallycause erroneous outpsin the

cases wherewater discharges should be aggregated fromnpdocation towatershed or river basin
districts. Typicallylocations of discharge pointsave to be retrieved fronadministrative registers on
environmental permits ofrom monitoring systems.

In conclusionall kinds ofdatahaveto be properly assessesith regard to theapplicationpurpose
before geocodingThepossbility to assigrndata to a pointiocation does nohecessary meathat this
optionisadvisableThe exampleabove demonstrate thatising address locations to spalty
represen an agricultural holding andustrialpremisesmay be accurate in one context but not in
another.This is the main reason why considerations regarding geospatial informatiorfononsan
integral part of the design and production statistics

o European Court of Audite 2016. Speci&teport No 25. The Land Parcel Identification System: a useful tool
to determine the eligibility of agricultural landbut its management could be further improved.
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6 Building and maintaining point -based geocoding infrastructure for

statistical production
This chapterelaboratesonthe operational aspects @ pointbasedgeocodingnfrastructure The
aim is to providgguidanceto support NSle the proces of setting up andhaintainngsuch an
infrastructure Guidance is targeting both NSIs whigdavenot yetimplemented this infrastructuras
well as thosevho haveit alreadyin place butwish toimprove the performance of theproduction

The projecthas identified a number of kegsksto effectively set up, maintain and usepointbased
geocoding infrastructureThekeytasks identified are:

Find out what the users need

Promote geospatial statisti@nd the potential of geospatial information
Recogise geospatial data sources

Assess data processing capacity

Specify geospatial statistics output

Create a flexible production sep

Build the geocoded survey frame

Obtain and manage geospatial data

Conduct geospatial data quality assessment
Assessdentifiers to enable correct data linkage
Geocode data

Prepare geospatial statistics products

Assess data disseminaticonstraints

=A =4 =4 4 -4 4 -4 -4 -4 - -8 4

=

Ideally, these keytasks arago beimplementedin a sequential order. Howeven lieality such ideal
processes are rarelypalicable. Some of the tasks may already be fully or partially implemented
while others may not be relevant to all NSls.

In essence, this chapter should tiewedas a cookbook containinga recipe for poirtbased
geocodingalong with the proposed ingreelits. Anyone committed to cooking knows that a cook
book can be used either as a strict si@pstep guidance to the final course wrerelyasa source of
inspiration. The prospect of the project is that this chapter could be used as-®g&pp guidane,
as well as an inspiring scheme to implement or improve a gmasedinfrastructurefor statistics.

In order to demonstrate howhe geocoding infrastructurean be set ugnd usedas an integral part
of the general statisticgbroductionprocess, eackeytaskhas been mappeedgainstthe mainphases
of the Generic Statistical Business Process Model (GSB&bHown in figure 8 belot.

The expectation is that this approach will help statisticians to better connect geospatial data
management and geocoding to their professional reality thescope of the project hasomprised
the geocodingnfrastructure itself rather tharthe use of gecoded data andhe dissemination of
geospatial statisticshase 6 (Analyse) is not fully pictured in this repartd Phase¥ (Disseminate)
and 8 (Evaluategre not covered at all.

% A more elaborate assessment of the GSBPM as a tool to mainstream gabsparmation management in
the statistical production is presented in Chapter 7.
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Each keyask is briefly describednd, wherever possible and suitablgeneric recommendations are
provided For each keyaska selection ofhe relevantuse casebave beeridentified and described
based orthe experiencegathered bythe countriesforming part ofthe project consortium. The use
cases are presented in Anngx

Quality Management / Meta data management

i Epzy % T 3. Build 4. Collect % T 6. Analy 7. Di REvaivat
Needs
Key-tasks under each phase to set up and maintain a point-based geocoding infrastructure
Recognize Obtain and ETIEIE e
Find out what 2 Create a flexible " geospatial data constrains on
users need geossgl?rtgsdata production set-up managde;{:canon quality data
assessment dissemination
F'mmn{_el Assess data Buildthe Assess identifiers
t tg_etz_:spa Izth processing georeference to enable correct
SEE |cs_an = capacity survey frame data linkage
potential of
geospatial
information Specify
geospatial Geocode data
statistics output
Prepare
geospatial
statistics
products
National use cases to describe and illustrate conduction of key-tasks
Case1.1... Case21.. Case3.1. Cased. 1. Casef5.1.. Casef.1..
Case1.2. Case22.. Case3.2.. Cased2.. Case5.2.. Casef.2..
Figure 9 Keytasksmapped to thephasesof the GSBPM.
6.1 Specify needs
| Quality Management / Meta data management
1. Specify . o Aol : N, Fualuat
Needs 2. Design 3. Build 4. Collect 5. Process 6. y 7.D 8.E

TheSpecify needs phagetriggered when a need for new statisticédsntified or the feedbackon
current statistics initiates a review.dbversall activities associated with engaging custorresrd

usersto identify their detailed statistical needs, proposing high level solution options and preparing
business cases to meet these needs

A good understanding of us&needs is requireth order to beawarenot onlyof what to deliver,

but alsowhen how, and, perhaps most importantlyhy. Based on the user needs the geographical
resolutionof the output and as a resylthe necessary spatial accuracy of the input can be
determined, e.g. in the sampliesign. However it should be stressed that no matter what the actual
output areais, all unit record information should be geocoded to the most accurate spatial resolution
by default, as this facilitates the reuse in another context.

During this phase thmtegration of statistics and geospatial information can be promoted to users
by explaining them the benefit€onsulting the stakeholderd geospatial statistics may be
particularly challengingiot only because the usgrcommunity is heterogeneous arsmetimes
difficult to identify but also because the typical ender of geospatial statisticonsumes statistical
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information in a way that may be quite different fronsingtraditional, non-geospatiaktatistics,
involvingGIS software and integrateghatial analyss. A populatiorgrid or census small statistical
areasprovideslimited values unless it imnalysedogether with other geospatial information.

6.1.1 Find out what the users need

In order to make the right decisios how to design the productioretting what thematic content
to include in the geospatial statistics portfglwhatoutput areasto choosefor disseminationit is
strongly advisable to establish proceduséor systematic consultatios with the geospatial
statistics uses' community. Consultationswith the userscan be conducted in numerous and mere
or-less formalised way3.heycantake the form of user councils, focus groups or information
seminarsetc.

Use Casé.1User councilén Statistics Swededescribes dormalisedsystemfor identifyingusers'
needsthroughuser ouncils consisting o§roupsinvolvingthematicexpertsandkey usersThe user
councils meet twice a yeadse Casel.2 Formalised user dialogue in Portugahd1.3 Formalised
userdialoguein Austriadescribesimilarmechanismsn Portugal and Austrizghere National
Statistical Councils krabeen establishedh accordance witlthe statistical law,to provideformal
room for dialogue betweethe producers and users of official ststics.

6.1.2 Promote geospatial statistics and the potential of geospatial information
Identifying uses' needs is an iterative procedavolvingboth the useisand produces. New,
inexperienced or potential users cannot be expecteddouratelyarticulate their needs for
geospatial statistics withoutn active involvement from the producer.

The siccessfumainstreamingdf geospatial statistics in spatial planning or other decisi@aking
processes igypicallythe result of a decisive and actipeomotion of the potential of geospatial
statistics by the producers. Hendeis of utmost importance toallocate adequateime and
resources to promote geospatial statistics and to shaaseits use, in order to identify new or
emerging uses' needs Rarticipation in national or regional conferences to demonstrate the
potential of geospatial statistics isuallya fruitful way toinspire a growingnterest and awareness
among various usskgroups.

The pomotion of geospatial statistics and geospatibrmation must not be limited t@n external
context.Of equal importancads to raisethe NSIsawarenesson how geospatial information can
improve gdatistical production or addvalue tostatisticsby includingthe location context.

Use Casé.4 Promote geospatial statistics and the potential of geospatial informatidescribes
Statistics Norway strategyto raisethe awareness abouthe potential ofgeospatial data and
statistics bothinternally and externdly, which includes participatigin information seminarsnd
lectures, as well asetting upan internal GIS resour@ntre.
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6.2 Design

| Quality Management / Meta data management

1“1?{1{:“ 2. Design 3. Build 4. Collect 5. Process 6. Analyse 1. Disseminate 8. Evaluate

TheDesignphasetypicallydescribes the development and design activitiegiether withany

associated practical research work needed to define the statistical outputs, concepts, methodologies,
collection instrument@nd operational processe¥/hen applied taa geocoding infrastructurehis

phase usually occurghen the infrastructure is setp for the first timeor needsto be improved

High quality point location data lies dte heart of a poinbasedgeocodingnfrastructure.
Accordinglythe choice of geospatial data on which the infrastructure could be built f@roracial
consideratio to be maddn thisphase. Anssue to be resolved is whethdatacouldbe obtained
from an externaprovideror hasto be collectedby the NS(see section 5.4)n the caseof data
collected by an external produceagreementsetween NSI anthe data producemay need to be
concludedin orderto safeguardhe longterm provision of dataln addition, the ability to effectively
manage geospatial daia terms of human resources and IT infrastructneds to be addressed
along with thekind of ge@patial statistics outputo be produced.

It is recommended that NSls shouldakea systematic assessmentgardingthe data sources,
human resources and technical conditions needidset up a pointbasedgeocoding
infrastructure. If such infrastructure alreadgxists, the assessment may help to unveil needs for
improvement.

6.2.1 Recognise geospatial data sources

The Global Statistical Geospatial Framework advodhtesecognition of fundamental and
authoritative geospatial data frortine National Spatial Data Infrastructures or other nationally
agreed upon sources.According to the GEOSTAT 2 survey, geospatial data on address locations,
buildings/dwellings and/or cadastral parcétem the complete basis for a poifiasedgeocoding
framewark for statistics™

Fundamental and authoritative geospatial data frtime National Spatial Data Infrastructuris
typically maintained undethe authority or supervisiorof NMCAs. Local and regional administrations
may also benvolvedin data collectionbut in most cases the NMCgéather andstore datafrom
municipalitiesn centralsedrepositories.In some countries, NSlIs hagstablisheda direct
collaboration withthe municipalities providindpcation datato statistical offices.

Typicallygeospatial datas ofgood quality ift is regularlyused, e.g for administrative purposes or
business activitie€itizensusuallyhave an incentive to provide correct and-tgzdate addresses to
administrations as they can expect benefits and sesvingeturn, such as health care, tax refunds or

# United Nations Expert Group on the Integration of Statistical and Geospatial Inforn2étighBackground
Document on Proposal for a Global Statistical Geospatial Frarkewdvanced Draft as of 28/07/2016.

%0 EFGS/GEOSTAZ® 6.Spatialising Statistics in the ESS. Results from the 2015 GEOSTAT 2 survey on
geocoding practices in European NSis.
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social benefits. Hengaddress registers or other geocodes used for statistics should ideally be the
same as for the administration, i.e. one single unique address register for all applications.

The followng datasetsare considered possible candidageurces for poinbased geocoding

1 Address data- An address is a textual description of a physical point on the surface of the earth.
Typically, it is either a postal address to which mail is delivered, bysiqgal address, which is
the actual location of a person, household or busingb&postal address location can be very
different from the physical address location. For example, a property may have a post office box
in the nearest townwhichcan bemany kilometres away. In these and other similar instances,
the postal address is not a good representation of where the actual property is located.
Therefore, physical addressare preferredin terms ofidentifyingthe location.A full street
address isequired forthe accurate and efficient geocoding that produces a location coordinate
(i.e. X and Y coordinat&)Physical address location data is commonly considered the most
universal data source fqroint-basedgeocoding There are several approachesdefine the
physical address location, e.g. the centroid of the building, at the entrance to the building, the
centroid of the cadastral parcel. For different use cases it may be useful to maintain several
physical address points that are spatially andaeptually related to each othend are based
on building, dwelling and cadastral data (see below)

Although not exactly definingpecificpoints, postal codes, forming part of addresses, constitute
important geocods. Postal code areas or their centreidanprovidevery useful geocoding
information, as for many stakeholders and data provideesthare thegeocode which theyare
almost always aware ofontrary, e.g to the local authority or NUTS code. One challerejated
to this solutionis that pstal code areas can be the property of a postal servicegften a

private company. HoweveNSIs should hawen unlimitedand free access teuch datajust like

in the case o&ddress data.

1 Building datag According to INSPIRE, buildings are defined as constructions above and/or
undergroundwhich are intended or usedls ashelterfor people animalsandthings,or inthe
production of economic goods or the delivery of servicEssterm refersto any structire
permanently constructed or erected on its siteA building can be represented geographically as
a polygon or a point. A point representation of a building is typically based on the central
coordinate (centroid) of the buildin@r the location of thebuildingentrance. For functional
reasonsa real building can be divided into building parts, each pavingits own geographical
representation.

1 Dwelling datag A dwelling is a room a suite of rooms-including accessories, lobbies and
corridors—in a permanent building or a structurally separatadidingpart which,considering
the way it has been built, rebuilt @onvertedis designedo beinhabited byone private
household all year round. A dwelling can be eithsimglefamily dwelling in atand-alone
building or detached edifice, or an apartment in a block of flats. Typieadlwelling does not
have aspatial representatiomf its ownbut israther represented by the location of the building

3 Australian Bureau of Statistie§15 SSF Guidance MaterialGeocoding UniRecord Data Using Address and
Location
% European Commission 2013. INSADRB.III.2. Data Specification on Buildirg3uidelines
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to which it is associateds such, dwellingnformationtypicallycomprisesanintegratedpart of
building informationsystemsor building registers.

9 Cadastral parcel data According to INSPIR& cadastral parcel is an ardefined by cadastral
registers or equivalen® cadastral parcel should beonsidered a single area of Earth surface
(land and/or water), national law under homogeneous property rigind unique ownership,
property rights and ownership being defined by national lawique ownershipmeansthat the
ownershiptitle to the whole mrcelis held by one or several joint ownefsA cadastral parcel
can be represented geographically as a polygon or a point. A point representation of a cadastral
parcel is typically based on the central coordinate (centroid) of the parcel. A cadastral pan
contain one or more buildings and/or address locations.

In addition to the abovenentioned pointbased data sourcefRoad Networkdata may constitutea
valuable complementary source for geocoding. According to INSPIRE, a network is a collection of
network elementsjncludingmainly links and nodesyhichcreate link sequences that represent a
continuous path in the networtwithout any branches. The roagktwork links can be used tetrieve

a location €.g. an address locatioim) the cases wher@oint-location datadoes not exist

Depending on various traditions throughout Europe, the choicedztasetfor point-based
geocodingmay vary between counigs. In somd/lember Stateslocation data frameworks comprise
integrated combinatios of address information, buildinglwelling data and cadastral parcétee
figure 10 below). Ideally, these objects are consistently and hierarchically linked to each, dibid
conceptually and topologicallwhichenablethe inclusion of all three object types in the geocoding
infrastructure Yet, in other countries only building data or address data xist

@, Coordinate point of address
@®; Coordinate point of building
@ Coordinate point of cadastral parcel

‘ Polygon representation of building

-
~ ’ “ 3 Polygon representation of
S ~7  cadastral parcel

Figure 10 A conceptual illustration ofinintegrated and hierarchicalocation data framework. Coordinates

of buildings (B) and addresses (A) are linked to the cadastral parcel in which they are located. The cadastral
parcel can bespatiallyrepresented by its centroid coordinate (C) or laypolygonfeature delimitating its

extent. The coordinateof an address (A) is linked to the buildin@®) to whichit belongs (typically entrance)

A dwelling does not have apatial representation of its own, but can be linked to building and/or address
location.

% European Commission 2009. INSPIRE D2 Bdté.Specification on Cadastral PareeBuidelines
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A quite technical though important aspect is the choice of coordinate reference and projection

system for the data in the geocoding infrastructure. If the geocoding infrastructure should not only
support national use cases but also European use caselmditon data may need to be

reprojected to a harmonised European coordinate reference system based on ETRS89 before
aggregating data to European geographies. For European statistics, often the E£ERES38qual

area projection is required as it allows thggregation of poinbased data into harmonised EU wide
statistical grids such as the GEOSTAT 2011 population grid using the same projection. In the GEOSTAT
1B final report different approaches related to translation of data between national and European
reference systems are discussed more in détail

The GEOSTAT 2 project advocates that a pbexed geocoding infrastructure should be built on
physicaladdress anébr building data, butthe choice ofdata must rely onthe specific conditionsn
each Memter State Hence the choice of datahould beinformedby the followinggeneric
recommendations

1 Completenesand coverage-Make a proper assessmentthie completeness and geographical
coverage of the datasets.

9 Existence of sustainableaimtenancepolicies— Make sure thathe provider or custodian hsa
consistent and systematic scheraémaintenance to keep the dataset updated.

1 Existence of datapecifications and metadataMake sure thathe datasetis properly described
in line withmetadata sandards (e.g. INSPIRE) or anyeotbfficial data specifications.

9 Consistent use of geocodes or identifierSlake sure thathe spatial objects in the datasean
be unambiguously identified by means of a nationally andiaffjcagreectoding system.

9 Sutability of location data- Make sure that the choice of geocoding objects is suitable for
geocoded Census data may be accurately linked to specific locations using building or dwelling
data but this does not necessarily apply to enterprises or indugtreaxhises where data on
physical address locations may be needed.

9 Spatial acuracy-Make sure that thespatial representation of théocation datais appropriate
with the respectto the outputareato be usedfor disseminationAlthoughthe geocoding of
statistical information does ndypicallyrequire very high accuracthé minimum accuracy cd
couple of meters is enough most cases be aware that using theentroid coordinate of a vast
cadastral parcebr a very big buildingnay case erroneous results if datato be aggregated to
a very fine grid (i.e. 100x 100 or 250250 meter grids).

1 Coordinate reference systermdMakesure that your geocoding infrastructure supports the
European coordinate and projection systems based on the ETRS89 datum in addition to your
national coordinate reference and projections systems.

Allthe abovementionedaspects need to be holisticaltpnsideredwhen assessinghe usefulness

and accuracy of a dataset. A dataset may be complete in terms of geographical coveragde it

it complieswith the official standards fothe unambiguous identification of spatial objects, it may be
useless for gocoding of statistics.

% EFGS/IGEOSTAT 1 2012
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In some countries, access to geospatial dataegulatedoy the Statistical Act. Such acts may give
access to all relevant administrative daitacluding geospatial datéree of charge ofor a small fee.
If the Statistical Act des notregulateaccess to geospatial datajlateral or multilateral

agreemens may be neededo ensurethe regularand longterm access to geospatial information.

Use Case2.1 TheSwedishNational Geodata Cooperatioand2.2 Data access through Norway
Digital demonstratethe impactof nationalgeospatial dataagreementon statistical production in
Sweden and NorwayJse Case2.3 Legal basis for datand geospatial data access Portugaland
2.4 Legal basis for geospatial datccessn Austriaillustrate how geospatial data access is provided
underthe statistical laws in Portugal and Austriehe use cases alsmderlinethat formal
agreements needtb be supported byan active dialogue betweeNSls and pragters of geospatial
information.Use Cas@.5 Acquisition and processing of geospatial reference data in Poland
describesan alternative strategy by Statistics Polandset up their own address location database|as
the Polish NMCA did not possess a complete regifsiephysicabddresses.

6.2.2 Assesdata processing capacity

In order to effectively manage geospatial information, a praggsessment dfiuman resources and
IT infrastructureshould be conductedzeospatial data managemengpicallyrequire asomewhat
different expertise and technical irdstructurefrom whatis mainly foundn NSis.

6.2.2.1 Human resources

A 1ull integration of geospatial information into the statistical production process should be
supported by bringing geospatial experts in close contacts with production teams. This may include
organisational changes. There are different models to locate geospatial activities and GIS work within
the organisationand no clear success pattern can be identifieiher geospatial experts are directly
involved in the production of statistics withthe various sectespecific statistics teams

(environmental, demography) or a crosscutting GIS unit or GIS centre of competence exists to
support the production, often located in the IT or methodological and information systems
department.The dlocation d human resources for geospatial data management must be done with
regard tothe existing structure of the organisation. Accordingly, it is difficult to proaiaggeneric
guidanceapart fromstressngthe fact thathigh qualitygecspatial statistics reqire a permanent

team of geospatial expertsvilling to supportall steps of the production processncludingthe close
involvement anda working teamestablished jointlwith databaseadministrators and server experts.

6.2.2.2 IT infrastructure

NSIs use variousats for the processing of geospatial data, building on standard GIS and database
software. In most cases these togdmhancing the features of standard produdtgve been
developed over years and are specific to the production procesgiven NSIAsfor human
resources, the diversity of technical environments in different NSIs preasyigeneric
recommendations to be made on specificationstfor desired infrastructure and processing
capacity However, it should béorne in mindthat frequent production of gecspatial statistics (e.qg.
on an annual basis) requires an industrial productisatting. It should also be recognised thae
editing orprocessing of geospatial dataay bedifferent fromdealing with traditional statistical or
administrativemicro-data, in terms ofboth methods and softwareNSls need t@reparefor

investing in technical environments suitable fdiilling, processing or providing geospatial
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information that goes beyond standardquipmentasregards computing resourcesetwork
performance, storagespace etc.

Use Cas@.6 GIS Resource Centre in Statistics Norvedlectsan ambitiousattempt to raise the
profile ofgeospatial information in statistical productiday establishing &1S resource centia the
Norwegian NSUse Cas@.7 Resource setup in Statistics Finladdscribes hovithe implementation
of a GIS strategy led &iaff relocation. Use Cas@s8 Resource setup in Statistics Polaarttd 2.9
Resource setup in Statistics Portugldscribe the organisational and human resoubeekgrounds
foundin Statistics Polandnd Statistics Portugakith regard tothe needs ofyeospatial information
management.

6.2.3 Specify geospatial statistics output

A fully-fledged implementation of point-basedgeocodingnfrastructurefor statistics brings about
vast opportunities for geospatial statistics outpritsterms of thematic content and spatial outputs.
In many national statistical systepas well asn the ESSyjecspatial statistics products duot yet
belong to the portfolio of Official Statistics that is normally regulated by law. As a,rb&yltmay

not be covered bythe adequateappropriations and NSls often have to recqwreast partlythe
costof their production by offering them tthe market.

But even irnthosecountrieswhere production of geospatiadtatisticsis mainlybased on chargeable
services, the strong push for Open Data BasouragedNSIdo offer some of theiproducts free of
charge.

It is recommended thalSls shouldonsider a combined approach of migsolution products

including 1knf grids,based on Census indicators as a core set of Official Statistics or Open Data for
the widest possible usgin combination withthe provision of chargeable services for higdsolution

data or tailormade servicesasto increagngthematic content.
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6.3 Build

| Quality Management / Meta data management

1- Specily % Ty 3. Build 4. Collect 5 P 6. Analy 7 Teczmited 8. Eval
eeds

In terms ofgeospatial datdor geocodingof statistics the Build phaséds primarily about setting up
andconfiguring gproduction environmenttaking into consideration theongterm need for smooth
maintenanceandflexibleoutput production When applied to a geocoding infrastructure, this phase
usually occurs when the infrastructure is sgifor the first timeor needs to be improved.

It is recommended that kNSls shouldhave a methodological description of their geocoding
infrastructure. If this does not alreadgxist it should bethe first follow-up actionin the context of
this report A templateon how toapproachsuch a methodological description can be fountlée
cases 3.1, 3.2 and 3.3.

6.3.1 Create aflexible production set -up

A flexibleproduction environmentis crucial for the efficiency and performance of the production

process A common approach amornboseNSlghat alreadyhavea pointbasedgeocoding
infrastructureinplaceistosetu p a centr a’l, ““geednrtaphy edbatea haushe” ¢
storing references, at the level of poiltications, to any relevant statisticgeographyUsing such a

model, an unlimited number of spatial referencearmr be storecandkept separately from unit record

data. The only reference that needs to be stored with unit record datasgcallythe unique

identifier linkinga unit record to itscorrespondindocationint he “ g e §.dlEssetup a s e

contributes toa smotherspatial reference maintenangerocessand would also allow supporting

European output geographies, in addition to national ones, in a much more flexible manner by

storing e.g. the European grid cell references withgbhet-locationobjectsinh e “geodat abase’
Wheneverthe statistical orterritorial geographieshange, updates neety be appliedonlyto the

“ g e od a tirstead of @gdating multiple records unit record data (SeEigure 1lbelow).

No matter ifreferences tcstatistical orterritorial geographies are stored with unit record data
kepti n a separ at theptepgasatod af & einmete set of geocodeslninistrative
units, grids, urban zoning, tract$c.) atthe point-locationlevelis a very efficient way to indurialise
the productionsetting This means thabnce location datas linked to unit record identifiers,
tabulations to retrievestatistics for various geographiean be conducted ithout even using GIS
softwareor support from geospatial experts.
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statistical or territorial geographies. The only spatial reference needed in unit record data is the unique
identifier, linking statistical information o specific locations. The model presented on the righand side
illustrates the storing of references to statistical or territorial geographies with unit record da®dease note
that Region and Regioncould also refer to different versions of the santerritorial typology (time
versioning).

Use Case3.1 The Geography Databasghe production setup for pointbased geocoding in
Statistics SwederB.2 The GeoDatabasgthe production setup for pointbased geocoding in
Statistics Austrieand 3.3 Theproduction setup for pointbased geocoding in Statistics Portugal
briefly describe andchematicallyllustrate an industrialisegproductionsettingin threedifferent
countries.Thecases demonstratboth similarities and differences betweehe countriesconcerned

6.3.2 Build the geocoded sampling frame

Recently many NSh&avestarted togeacodetheir sampling frames according to geographical
nomenclature codes and by adding the exact dmeated spatial locatiorof each recort. In the
surveysamplingcontext, the position of statistical units provesseful for three main reasons:

1 It may help beter organi® the field work for faceo-face surveys.

1 It may help spread the selected units over the populagarveyed, whicltan be an efficient
strategy for more accurate estimations.

1 At last, at the cost atheoreticaland practical issues, a geocodedmplemayenable small
area estimation®r flexible output geographies other than the initial one.

Constructing Primey Units
Organising field worfor the interviewers is ne of the main issugrelated toface-to-face sureysit
entails the needo minimise travel costseither in terms of time spent to reach ead the selected

% Benedetti, Ret al. 2015.
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units or in terms of moneyA multistage sampling design appears todaassic solutionAs thefirst

stage, geographical primary units (PU) are selected and assigned to an interviewer. Statistical units
are thenselected withireach Plas the second stag&ach PU has to be as small as possiltige
gathering enough statistical units to meet the interviewer work load. When the sampling frame is not
geocoded, the PU consists in gathering sarhthe smallest geographical units available. The latter
may not be suitable. With a geocoded sampliragrfe, the PUs can be constructed automaticallg at
lower cost(see Use case 3.4 from France)

Improving the sampling design

In the literature regarding survey methodoieg one of theprimarytopics of interest is how to
improve estimations othe populéion characteristics using some additional knowledge of the
sampling units. The gains are even noticeable when the enhancements are applied to the sample
design, rather tharno the estimator.

Using thdocationof statistical units in the sampling desigashattracted a lot of interesh recent
years Thereare certaintheoretical criteria, and their empirical counterparto assess whether a
spatial sampling design will prove usefiar more information see Use Case.3.4

Disseminating small area statiss

From a theoretical point of view, a geadedsampling frameand, in consequencea gea@oded
sample makes it possible tdisseminateresults on any small areathich ismore generally referred
to as adomain. From a practical point of view, the accuracguwfhestimations might be very poor.

In order to assesavarietyof new statisticamethods available with a poifiasedgeocoding
infrastructure INSEHEs currently with grants from Eurostatevebpinga handbook of spatial
statisticsto be released by the end of 207 at beginning of 2018The issue offgatial sampling fully
falls within the scope of #tnhandbook, and as such will be dealith more precisely

Use Cas8.4 ThelLabourForce Surve (LFS) sample iNSEEescribes how the sampling frame for
the LabourForce Survein Frances created to ensure a spatiailyell-distributed sampleUse Case
3.5 Sampling Frame National Dwellings Registepresentsa similarapproach to creahga
sampling frame fosocialsurveys in Portugallse Cas8.6 The sampling frame for social surveys
(SFFS) in Polartkscribes how the address and dwelling sampling fraoresated for the purposes of
the 2011 National Censpis usedo enhance samplingf social surveys (SFFS) in Poland.
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6.4 Collect
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In the Collect phasell necessary information (data and metadata)g gatheredusing different
collection modesand loadednto the appropriate environmenfcreated in theBuild phasé for
further processingWhen applied to a geocoding infrastructuia contrast tathe previous phases,
this phaseoccureach time new geospatial datsobtained or collected.

Locationdata istypicallyacquiredfrom externalproducers rather thanbeingcollected bythe NSin
the sense of direct data collectioHowever, in some Member Statése collection of location data,
such as buildings and address locatiaaspnducted under the authority ahe NSlor asa joint
ventureinvolvingthe NSI, local governmeiodiesandthe NMCA(Seethe description ofthe“ |- n
house” apgtiom5dch i n

6.4.1 Obtain and manage location data

Procedures fothe acquisitionof locationdataby NSIsrom NMCAs or other data providersay vary

in terms ofthe frequency andnode ofdatatransfer.Some NSlgbtain datamanually receiving
completecopies of sourceata files for local storageitherannually orat other frequenciesOther

NSIs havéaunched welservicesallowingdatato be obtainedby means of automatic notification
proceduresrom the producerat monthly, weeklyor dailyintervals,or whenever an object is

changed irsource dataThelaunchingof such services in Member States have been triggered by the
implementation of INSPIREThe availability and easy ass ofmetadata services allow Member
Satesto recogniseexisting data. ¥enthoughdatamaynot be harmonigd according to the INSPIRE
directive,the main tendency an increasimgimber of INSPIRE compliagrvices

Regardless of the data acquisitianode, the key challenge for any NSl is how to deal with the
temporal aspects of datén orderto obtain the best possibléemporal cohesion between location
data, on the one handand statistical and administrativedatato be geocodedon the other. This is
perhapsthe mosttypical ofthoseNSls that useontinuously update@ddministrative data sources
(e.g. population registration) instead of fixed collecsah Census data

To managehe issue otemporality, it is important to work with date fieldsife validitystart-date

and enddate) and status fieldsn orderto describe the status during the validity phase of a record.
Historic records should be keptyhich means thatrecords in registers should never be deleted, but
their status should be seasW S y' R €he déngfdate should begiven.

A common approach is to create situatioeatracts of the location dataseand the unit record data
(administrative data), botleorresponding to the desired reference timko retrieve such situational
extractsor frames fromlivingrecords or databases, consistent use of time stamjsrequired If the
life-span of each location data object is consistently declared, the database can be rbHe# to
create situational extractgor any desiredpoint of time.

% The INSPIRE Thematic Cluster for Addresses may provide a useful input regttgdirgfservices in
Member Stateshttps://themes.jrc.ec.europa.elgroups/profile/1849/addresses
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Unit record data Location data

Id Population Life span Id X coord Y coord Life span
Address 1 12005-2007 Address 1 134451 602312 2004-2007
Address 2 22004-2010 IAddress 2 136689 604545 2003-2015
Address 3 42003-2015 Address 3 137589 602123 2002-2015
Address 4 32008-2014 <:> IAddress 4 136789 607898 2007-2015
Address 5 22006-2012 IAddress 5 132213 604423 2005-2012
Address 6 22001-2013 IAddress 6 139874 601151 1999-2015
Address 7 62012-2015 Address 7 134478 603698 2011-2015
Address 8 52013-2015 Address 8 139965 608874 2012-2015

Figure 12 The figureprovides avery simplified illustration on how to establisiframess 2 NJ daA ddzr G A2y
S E (i NJreprésanting the year 2011 for unit record data (population datand the correspondinglocation

data (address datajising the lifespan information.Addres®s1, 2, 7 and 8 are excluded from the unit record

data frame as ngeoplewere present at these addresses in 2011. In location data, oxdgresses1 and 8

are excluded from the frameas theyare non-valid objectsin terms ofthe reference time according to the

time-stamp. When merging unit record data with location data, Address? and 7 will return zero

population as there is naemporal correspondencewith the population in unit record data for the year 2011.

Location dataused inthe direct data collectior{fe.g. Censusperationg shouldbe ideallyalready
available at the time dthe creationof statisticalunit record data objed Thedataentry procedure
shouldbe designedor all registerso that the addressesouldbe comparedvith anauthoritative
index of validaddresgsduringthe acquisition process. During the data entry, the right spelling
shouldbe checkedind, ideally, onlythe valid addresses should be accepted,thata direct match
between theaddresdocationdataset(with coordinates) andhe unit record datacouldbe
established The address dataset must always béimgly as the case processing requires. The
address of a new building, for example, includar@rrect notation of the street name and
coordimates, associated with the admission of the first resident in the register the corresponding
addressmust be availablé’ In some cases, permits for new buildings can have a provisional address
for a shorter or longer period, even after the residency peiissued by the legal authority. In
these casesaddress updates must be guaranteedtie appropriatetime, in order to avoid duplicate
geocodingof the same buildingr mismatches between location data objeetsd statistical unit
records.

Use Casd.1 Managing temporality in the Building registeprovides some generiguidance orhow
the temporalaspectscan behandled basedorfSt at i st i ncamtenancesof itBuildings
registerwhich is a living recorthat changes from day to day. Use CdseAddress point acquisition
in Statistics Polandlescribes the work conducted by Statistics Poland to crigatavn location
dataset asio completeset ofaddress location data exist at the time of the 201LCensusound.

3" Haussman, M et al 2016.
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6.5 Process
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TheProcesphasedescribedatacleaning and preparation for anags Itconsistof severalsub-
processes that check, clean, and transfahminput data, so thatt couldbe analysed and
disseminated as statistical outputdom the geospatial information perspectivthis isby farthe
most laboriougphase This is the phaseherethe main quality assessments are conductetthe
geospatiadata obtained in theCollect phaselt also comprises thimtegration of geospatial data
sources andtatistical or administrative data, e.throughgeocoding

6.5.1 Conduct geospatial data quality assessment

Just like any information obtained for statistical purposes, geospatial information needs to

undergo various procedures to secure the quality of tHataset. The scope and complexity of such
procedures may vary depending on the origin of the datathediegreeto whichit has already

been sufficiently assessed and checked by the custodian or data provider. Due to the spatial element,
assessinghe qudity of geospatial data may be conceptually different frtm assessment routines
traditionally applied to statistical informatioalthough semantic and structural quality assessments

of the attribute information are often similaiypically, methods angrocedures for geospatial data
assessment are poorly described in guidelines for statistical production.

In a basic sense, geospatial data quality assessment is about finding out if the location of a spatial
object (defined by its X and Y coordinatesyutand accurate. There is a range of more or less
advanced methods to conduct such assessmedetectedbasic approaches are describleelow:

1 Crosscheck poirdatasets with a polygon dataset accurately delimitating the territory of the
country. Any pointhat falls outside the polygon is invalid.

1 If the pointobjects have been assigned to territorial units (by means of a territorial code) the
point-dataset may be crosschecked with a polygon dataset on territorial units (including
postal code areas). If ¢horiginal territorial code is different from the code assigned through
the pointin-polygon operation, there is a strong probability for erroneous coordinates.

1 Pointdatasets can also be crosschecked agdiiggtquality polygon data on land and water.

If a physical address arbuilding point falls into water there is a strong probability for
erroneous coordinates.

i Ifdataisprovided in time series, procedures for
conducted. If there are big differences (in ldoai, potentially erroneous objects can be
rejectedand presented ira table for further inspection.

1 Topological consistency might need to be checked, e.g. an address point on the correct side
of the street or other topographic features (rivers, etttjs mportant if the street separates
enumeration areas

As a rule of thumb, it is better to establish routines for data verification when data is being put in

to the record or database than trying to fix the errors afterwarddata editing by the source is

preferred beforead hoccorrection of data. The obvious reason for this is #étoccorrection

produces manipulated versions of source data that need to be maintained as parallel systems.
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However, as location data is typically collected by NMCAs anddmicipalities, NSIs may have
limited possibilities to correct errors by the sourd@ overcome this problem it is recommended to
establish systematic feedback routines between NSIs and data providerf#@reporting of errors
to be corrected by the cstodians.

Use Cases.1Crosscheck and geospatial data validatioand5.2 Geospatial data assessment
describes different procedures ftine validation of geospatial data conducted in Statistics Portuga
and Statistics Norway.

6.5.2 Assess identifiers to enable correct data linkage

One of the keyeatures of a poinbased geocoding infrastructure is a consistent use of identifiers. In
order to safeguard correct linkage between location data and unit record data to be geocoded,
unique and consistent codedleto unambiguously identify spatial objects (physical address
location, building, dwelling or cadastral parcel) are of paramount importance.

At this stage of the process (before identifiers in location data can be compared with unit record
data), consistency adflentifiers can only be checked by means of logical rules with regard to the
coding system itself. Hence, it is not possible to assess whether the identifiers will match the
identifiers of the unit record data to be geocoded at this stage.

Relevant procedres can bas follows

9 Lookingfor and correcing duplicates.

1 Checling theconsistency of address strings in accordance with the official data specification
(street name, numberetc.).

1 Checling theconsistency of any other identifier (chéagthe number of positions and the
expected composition of the code).

Another important step is to assess the {ffpan of the identifier (e.g. an address or a buildibgto
declare if it is active or not. Such a procedure may differ from country to cpaeipending on data
models and procedures for maintenance of source data on physical address locations or huildings
etc. In a living record, an object can be either discarded if it is no longer active, or it can be kept in
the record but flagged with artie-stamp indicating that its lifepan has expired, e.geasedo exist.

In essence, it is important to recognise halve temporality of data is managed by the data
custodian in order to know how to build a consistent pohiased geocoding infrastructure.

As forthe assessment of geospatial data quality, it is strongly recommended to establish feedback
routines to report to custodians errors found when assessing identifiers.

Use Cases.3 Non-spatial data assessmerdnd 5.4 Maintaining the quality of a point-based
building registerillustrates howthe quality of identifiers in location dats assessed and maintained
in Statistics Norway and Statistics Austria. Use 6&gBuality indicators for norspatial data
describes a system of indicators used3gtistics Portugal to assess and desctiteequality of
identifiers to link data.
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6.5.3 Geocode data

Geocoding is the process of assigning a geocode to a piece of informationsatistacalunit
record) using known location information, such as coordindfasit record dataand geospatial
locationdatahave been preparedn accordance with the taskiescribedn previous phasesyith
consistent and unambiguous identifietgking statisical information withpoint locationis a
relatively straightforwargorocessData pairingcan be conducteéh many different wayson various
technical platformsand withvarious outputsUnit record datacan bepaired with location data into
virtual tables where aggregatiorie variousstatistical geographieare performedsimultaneouslyn
the sane step The result frongeocodingcan alsde storedin physicalpoint-data layesfor further
processing and spatiahalysis.

Geocoding can be conductdg simplyjoining location data with unit record data witha database
environment(such asSQL, PostgreS(Dracle etc.) which is part ofegularITinfrastructure in many
NSiIs. It can also be conductedhidesktop GIS environment, asst standard desktofsISsoftware
havebuilt-in geocodingcapabilitiesfor linking table data to address locatior&ome NSlkave
implemented use ofveb serviceand APIs withocationdata, setup by NMCAs or other providelig
their geocoding practises, while othaselocally storedables orspatial databaseAutomatic
geocoding is typically split into three separate components:

9 Parsing-extracts relevant parts of the reported address into separate fields to allow
matchirg.

1 Matching—matches the parsed address information to a coding index.

1 Coding-allocates a geocode and match information to each reported address.

This is an iterative process; the addresses may pass through these stages a number of times, until the
highest quality match and geocode is found. With each pass the address information is parsed
differently based on the range of possible matches identifiggrevious passe¥

The true challenge dfigh qualitygeocodingcomes with inconsistent or erroneoidentifiers

resulting in mismatch between location data and unit record ditis.recommendedthat NSis
developstrategiesto deal withtheseproblemsin a consisteniand harmonisedvay. For any data
collected and maintainedinder the authority othe NSI, correction of the data by the souis¢he
most preferredsolution(e.g. correction of noivalid addresses reported by companies or
individuals) But f mismatches occur due to errors in location data or administrative data sources
obtainedfrom other custodiansthe approach to edibr correctdataby the source is more difficult
or may not be applicable ail.

Alternative strategiesto considerare different types of ad hoccorrectionincluding address validation
tools, homogenisation of address information or interpolation of address location pdirdemmon
approach is a stepy-step matching procedure sequentially pinpointing tat record datao
location progressively less prise in spatial terms (from full addresstchto match only orstreet
nameto zip-code localityor district, etc.). Such procedures may inclutiee use of norpoint based
datasuch agpostal code areas or road networks.

% Australian Bureawof Statistic2015 SSF Guidance MaterialGeocoding Unit Record Data Using Address and
Location.Second release.
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It is stronglyrecommendedthat metadatabe providedon the quality of geocoding at individual
record level. Fronthis metadata it should be possible to interprehe accuracyat which the
information has beengeocoded.

In Use Cases 6 Geocoding population data in Statistics Swedén7 Geocoding workplaces in
Statistics Swederb.8 Geocoding workplaces in Statistics Portugal9 Geocoding practise in
Statistics Finlané&ind5.10Geocoding practise in Statistics Aust@anumber of examples are
presented on theapproachused forthe geomding of data in different Member StateBroblems
occurring due to mismatchetween location data andnit record data are described as well as
genericsolutions.

6.5.4 Prepare geospatial statistics products

This is the phase where the production of the final product according to the user needs takes place
and the user can assess if the product meets the expectations (see sectioh @dintbased
geocodingnfrastructurebrings aboui great spectrum odutput opportunitiesand as a result
spatial adjustments of the final product to user requirements and change request are fairly
straightforward when compared to a traditional non geocoded production design-aggregated
geocoded unit record data cdre used to enhance spatial analyses interndiiyt mostnotably,a
variety of geospatial statistics products canrbeievedby means oaggregations to different
statisticalgeographiesDepending on the production setupreparation of geospatial statist
products starts already in the geocodipgcess, as data can be geocoded and aggregated
simultaneously in the same step.

Other aggregationmayrequire GIS based operations where geocoded unit record idai@cessed
together with polygorbased datdbuffering, intersectionetc.). The preparatory stagef grid
statistics by means of different aggregation meth@welldocumentedin the guidelinesproduced
by the GEOSTAT 1 projétand can be found at theww.EFGS.info wedite. Many elements in
these guidelineare genericallyelevant for the production onyregional orsmall area
aggregations.

Use Cases.11Geospatial statistics portfolio in Statistics Polamahd5.12 Geospatial statistics
portfolio in Statistics Austriadescribe the different geospatial statistics produatsl services
provided in Poland and Austridse Casé.13Metadata and INSPIRE compliandescribes the
services made available by Ssdiis Finland along with description on houNSPIRE compliant
Metadatais provided.

¥EFGSBEOSTAT 1 20Bxoduction procedures for a harmonised Bpean Population GrichAggregation
method.
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6.6 Analyse
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Inthe Analysephase statistical outputs are produced, examined irtaleand made ready for
dissemination. It includes preparing statistical content (including commentary, technical notes, etc.),
and ensuring outputs ardit for purpose” prior to dissemination to customers.

The final production and use of geospatial statistics is not witbape of the GEOSTAT 2 project,
accordinglythe Analyse phasavill not be exhaustively pictured in this report. Howepacrucial sk

of the Analyse phasés to assess constramon data dissemination, including confidentiality issues or
legal issues related tose of geospatial data for production of statistical contélttis aspect will be
discussed in more detail as part of thEGSTAT 3 project.

6.6.1 Assess onstrains on data dissemination

Inthe presence of geospatial data, disclosure control experts must face a paradihxe @me hand,
such data need more protection becaubey allowmore identification, and on the other hand they
offer many possibilitiefor analysis, that users don't want to distort too mulsi suppressig data.

Disclosure risk is higherten considering geospatial data

9 firstly, because belonging to a geographical area may give irdtiomto the intruder about
some attributes (ey. 100percent of inhabitants of a square are unemployed). This is called
categorisation risk, and it increasesdlire case of spatial data because of Tobler's "first law of
geography" which states that "evehing interacts with everything, but two close objects are
more likely to do so than two distant objects";

1 secondlybecause of s@alled identification risk. Indeed, among the characteristics shared
with someone, a common geographic area leads to a higtayability of identifying the
person fne probablyknowsbetter our neighbour than someone who osbaresany other
characteristic with). Moreover, identification atildresse$as recently become possible with
the development of open access tools likeo@le Street View. As a result, population density
is a fundamental predictor of disclosurisk:the lower the density, the higher the disclosure
risk. That is why confidentialithresholdscan differbetweencountries

9 finally, disclosure risk can increawith thegeographidifferencing issue, when data is
disseminated at different levels (hierarchical oitho

Technically, the dissemination classification (zoning, administrative boundaries, or regular
tessellationsuch agyrid squares) is aategorical variable like any another oras @dditional
dimension of tabuladata). It is therefore possible to deal with disclosure risk with no geographical
consideration. Nevertheless, a geographically intelligent management of disclosure issues will
preservethe underlying spatiabhenomenonaA riskutility compromise has to be made, using
relevantdistortion indicators.
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A partial solution is to consider several types of users (usually researchers VS general users), and to
disseminate as many files ggpes of users, with different levels of disclosure risks and different
levels of perturbation associated.

Several NSbr researchers have been working on the implementation of geographically intelligent
disclosure control methods. Théyave identifiedwo main strategiespre-tabular methods, apied
tothemicrodata( noi se addi ng, -wbularmptihodsgppliedicaaggoegated data
(rounding, cells suppression...).

A review of the existing literature will be drawn up in a devoted chapténeforthcoming
handbook of spatial statistics, to be published by Insee, with the support of Eurosthg bynd of
2017 or beginning d2018. This chapter will also contain different practical use casesaomgay
inspired by work for thé&urostat Grat « Harmonized protection of Census Data in the ESS ».

Very practically, dealing with spatial mietlata adds a layer of complexitytime disclosure control
processbecause it involves very large dakdore details on how to deal with large arrays of micro
data when protecting privacy can be found in the use cases.

Use CaseB.1 Data dissemination in Portugal6.2 Dissemination of grid data for tax information in
France: issues and solutioasnd 6.3 Caoistraints on data dissemination in Austriall address
considerations to be made with regard to disclosure and other constrains relatbeé to
dissemination of data.
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7 The GSBPM as a tool to organise, set up and use a pointbased

geocoding infrastructure in  statistical production
The aim of this section is thrésd:

» To demonstrate how the GSBPM can help NSls to mainstream the use of geospatial
information in their statistical production process

» To offer suggestions on how the GSBPM could be extended tgmiseobetter the use of
geospatial information in the statistical production process

» To demonstrate how the GSBPM can be used to model the production of geospatial statistics.

One task of the GEOSTAT 2 project was to test and evaluate the GSBPM whetiaj elaspis

involved in the statistical production process. The questions were: 1) is the GSBPM a usable tool to
understand and describe the geospatial dimension of the statistical production process? 2) If yes,
does the GSBPM need further developmentioes its documentation need more accurate
expressions when geospatial dasgpossibly included in the process? The project aimed to achieve
common views of subjects that could be handed to UNECE for evalugimare responsible for
maintaining the GSBPM

The starting point for testing was that the GSBPM is implemented in many NSIs but typically not
applied to describe and structure processes implying the use of geospatial information. As there are

no references to geosp a tuiddines, therdwas no given baselindax® BP M’ s

test the model in a comparable way. Laclerperienceamong the project members concerning
methodson how to use the model made the task even more difficult.

The evaluation of the GSBPM has been conducted thrawggt of workshops and exercises

conducted by the project consortium jointly and by the project members arstafb in their

respective NSls. This section comprises the common conclusions and main findings from the national
exercises. The full documentati from each country is presented in Annex 2.

7.1 The GSBPM as a tool to help NSls to mainstream the use of geospatial

information in their statistical production process Z main benefits
Despite the fact that the current version of the GSBPM does not recotif@seope of geospatial
information in the statistical production process, it provides a link to internationally agreed statistical
processes and facilitates the communication between the statistical and geospatial communities. As
such, the overall conctipn is that the GSBPM can play an important role in mainstreaming the use
of geospatial information into the generic statistical production processes. It gives common frames
and promotes common concepts and unified methods with othdrdnse processessavell as
equivalent processes in other organisations.

Benefit 1: Geospatial elements visible

One of the main benefits of the model is that it helps to sdereand how geospatial information

might appear, or should appear, in various phases of the production process. Geospatial information
can be involved along the whole process or it may be only a part of one particular phase of the
production.

Benefit 2: The role inhe statistical production process visible
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Secondly, it may also help to clarify that the role of geospatial information vde@snding on the
statistical domainGeospatial information can be source data and the starting point for production,
but it canas well be the outcome and final product of the process. When it is used to enrich
statistical data by location information or by other geospatial elements, geospatial infornatps
the role of auxiliary data. In any case, when location is an impoparttof the statistical production
processit induces special demands and challenges to be solved.

Geospatial data and production phases bring additional dimensions to statistical production process.
Figure 13includes examples by the GSBPM phases of thlege dimensions can contaifihe

illustration separates work phases focusing on plain statigicgom) from the work phases

focusing on geospatial datop). In-betweenlaysthe level of integration. The integration of

statistics and geospatial dafas described iSection 4.1)equires establishedrrangements

between stakeholdersadequate technologies, as well as standards in order to function through the
process.

Quality Management / Metadata Management
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Figure 13Dimensions in production of geospatial data

Benefit 3: Requirementsisible

Thirdly, it may help to clarify that a production processawéhgeospatial data is involved may require
special skills and technical environments at different stages of the process. Both statistical and
geospatial experts are usually needéthe input of different specialists at different process phases
illustrated in Figure 1#elow. Certain phases may need more intense geospatial expertise than
others. A geospatial expert is visualised in the figure by a person with green background.elssP

1, geospatial expertise is dominant. In Processes 2 and 3, the geospatial issues are parts of one or
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two particular process phases. The spatial related work phases may appear only once but the impact
of that phase may be crucial for the successhefprocess from the point of view of bringing

spatiality to the production of statisticdt should be noted that if processes are modernised in a
systematic way, automated or servibased production may reduce the need for different types of
professionds.

O 8
1 8 0 [
AL L

Figure 14In the geospatial statistical production process, the neft geospatial data and expertise varies.
Certain phases may need more intense expertise than others. A geospatial expert is visualised by a person
with green background. In Procesl, geospatial expertise is dominant. In Process 3, the geospatial part of
the process is a part of one particular process phase.

Process 1

Process 2

Process 3

Benefit 4: Common language and understanding bring quality

The GSBPM, as a common framework, offers the possibilidgdoribe commonly the production
process. It may increase mutual understanding between the parties involved, providing a uniform
way to communicate. Best practices, instructions and tools can be better shared. From an
organisational point of view, the GSBffers a tool whereby separate processes are also able to
communicate with each other. The geospatial dimension may be carried out in the same way or with
a common tool in different processes. This is not only excellent in terms of efficiency, but also i
terms of quality management. It is a quite common situation that stability management between
processes is lacking.

7.2 Suggestions to improve the GSBPM to recognise better the use of
geospatial information in the statistical production process  z main
findin gs
TheGEOSTAT 2 consortiwagrees on the fact that the GSBPM can play an importaatto
mainstream the use of geospatial information into the statistical production processes. Nevertheless,
the current version of the model fails to support a numbevitél tasks associated with geospatial
data management in statistical production. This prevents a coherent use of the model.

The extension of the GSBPM model to recognise the use of geospatial information in the statistical
production process would providemuch needed link to internationally agreed statistical processes
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and facilitate the communication between the statistical and geospatial communities. In addition,
including geospatial information management in the GSBPMadvextend the infrastructuredr
geospatial statistics to the actual data production and thus bring it to the core business process of
statistical offices. The project advocates that UNECE take this work further under the High Level
Group on Modernisation of Official Statistics.

The pojectmembers of the project consortiutmave arrived at slightly different conclusions

(because of the different set up environments and data) regarding possible revision of the GSBPM.
Thefollowing common conclusions can be drawn regarding the use atitefudevelopment of the
GSBPM:

1. When the GSBPM is actively applied to modernise a statistical production process, geospatial
data and processes should be included

1.1. If the GSBPM is used for the whole statistical process, both statisticgéaspatial production
phases should be described.

1.2. The GSBPf4cilitates communication betweedifferent specialists who participate in planning

and conducting a process. The model has the potential to be a common framework to understand
the mutual roks of statistical and geospatial data and their integration. This would, however, require
a stronger recognition of geospatial terminology in the model (also see 2.3).

1.3. The model helps to recognise phases which are common and can be processed withcomm
tools and/or methods or which can be, e.g. automated in order to increase efficiency.

1.4. The model helps to identify what is needed for geospatial statistical production, whom it may
concern what the preconditions are, and what the most criticahpés to produce geospatial
statistics are

2. The documentation of the GSBPM is not adequtialescribe ageospatiallyextendedstatistical
production processes. The current guidelines need too much interpretation and they cannot be
used as such. Supplem#ng of the documentation increases coherent and uniform use of the
model.

2.1. Revision of the descriptive texts is necessary in order to cover geosiaasiahanagementThe
proposals put forth in this report together with the national experiences egithrough the national
exercises in the GEOSTAT 2 could be used as a basis for changes and improvements. Detailed
suggestions for text amendments are collected\imex 4

2.2 If geospatial activity cannot be embedded by revision of the text, then adduegv sulprocess
should be considered. (Adding a new gubcess does not overrule the need for text amendments in
other subprocesses).

2.3. The terminology used in the guidelines should be uniform and generally understood. The
geospatial statistical community should bensultedwhen choosing the geospatial terms.
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3. Use of other UNEGHRodels for statistics may also be beneficial. Thevadced models of UNECE
should cover the geospatial dimension in order to cover the production of statistics as a whole.

3.1. A better understanding of production, managing and utilising the geospatial dimension for
statistics may still require further exanation and development of the models (the GAMSO, the
GSIM and the CSPA)

3.2. Extensive support for implementing the models is needed bettouse and from UNECE.

7.3 Main findings of the national exercises

The project members started the work by getting faamiwith the model. Lack of a common baseline

for testing the model in a comparable way matie testing difficult. The equivalent use of the

model would have required a mutually agreed way of using it in order to avoid different

interpretations. Howeverthe agreement would have required better understanding of the model

and its use in specific situations. This is why
GSBPMook ona bigger role than expected. The amount and quality dfanse supportdr applying

the GSBPM to geospatial related processes varied much based on experiences in testing, ranging

from good support to very little support at all:

1) The GSBPM and geospatial specialists were found, the discussions were fruitful, their support
wason the right level to promote the work

2) The right persons were found, discussions were partly fruitful but practical results were
missing. Applying the GSBPM seemed to be too big a workload

3) The GSBPM experts were found but discussions produced no grepefits, no support for
applying the GSBPM

4) The project member could not find any support for the work

Tests wereconductedin Finland, Sweden, Austria, Poland, Portugal and France. Despite the fact that
the project did not achieve a completely similardeof approaches, it was possible to find common

or comparable views of the GSBPM -mocgsdesEvens ( but
though there arehe slightly different approaches, every view the GSBPNeflects the reality of

the natioral production environment and data sets and they are all extremely relevant and therefore
should all be taken into account.

7.3.1 Summary of findings by NSIs
Belowis a short summarfor each country. More precise results of the national exercises are
collectedin Annex 2.

The production environment and NSlIdéférsfrorol e i n man
country to country and causes large differences in the processes. This is why results should be seen
more as a collection of relevant views than onew that covers the whole geospatially related
production processes.

At Statistics Finlandhe GSBPM is in use widely as a process framework for renewals of statistical
production processes. However, it has not been used in describing geospatial reladedon
processes. In the GEOSTATroject Statistics Finland made preliminary testing from the geospatial
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point of view and tried to formulate the best work flow for testing in all project countries in order to
achieve comparable results.

The TerStepinstructions were assembled and they also describe the work flow that Statistics
Finland followedgee Annex 3TenStep instructionks

The first remark at Statistics Finland was that the model fits into geospatial data and processes if the
abstraction leel of the current model description is raised. The logical meaning of a particular phase
or subprocess was widened aras$ a resulgeospatial procegsandstatisticalprocesses could be

fitted.

Statistics Swedervaluated the GSBPM by reflecting it to their national statistical production
process model (which is similar to the GSBPM but older). Possible gaps between the national model
and the GSBPM and also gaps in both models were examined from the geospatiaf peew.

As Statistics Finland, Statistics Sweden also found the current structure of the GSBPM sufficient to
cover the geospatial producti on. However, accord
needs substantial development relating tensantics and terminology of geospatial elements

provided in the descriptions.

At Statistics Austridhe GSBPM is in use increasingly in developing statistical production processes

and structuring activities. Stttthe &$BPM soulddcovert r i a’ s
the geospatial production but the text amendments of geospatial elements would be needed. Even

this first examination produces some very significant development needs concerning core data in
geospatial statistical production.

INSEHEStatistics France) values the GSBPM as a powerful tool to implement strategic objectives into
statistical production. INSEE sees that maintaining and updating data and ensuring the consistency of
geospatial data should be added to the GSBPM. The netody should be opened and defined

before further development of the model is possible. INSEE sees that geospatial related sub
processes should be added as separate putesses.

At Statistics Portugathe national process model is to be redefined anda@leped to cover the
GSBPM. The geographical references have been part of the new approach and will be part of the
future redefining of the model. So far, Statistics Portugal has identified the GSBRWosgisses
where geospatial elements are to be seen.

At Statistics Polan@ comparison between the GSBPM and the national process model has also been
carried out The practical implementation of relevant processes relating to spatial data and mapping
them with GSBPM model showed that the important areasrexteincluded in the model, although

they are important and necessary in the actual production process. By indicating these areas, the
potential shortcomings and imperfections thie GSBPM model were diagnosed. The analysis

revealed shortages dhe GSBPM mwdel, whichessentially conerned statistical data spatiaiion

aspects from the stage of designing the data collection, geocoding, analysis and providing spatial
characteristics of statistical productStatistics Poland suggestsat four new subprocesses should

be added to the GSBPM.
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8 Terminology

The terms and their definitions used to describe the setup and use of alpag®d geocoding
infrastructure in this report are mainly based on information in existingG®M reports, the
StatisticalSpatialFramework of the Australian Bureau of Statistics, INSPIRE, the European Statistical
System and Wikipedia.

A draft compilation of statisticajeospatial concepts and terminology waeparedby Ekkehard

Petri Eurostaj in 2015 on behaldf the UNGGIM Expert Group on the Integration of Statistical and
Geospatial InformationThe content of thigproposal for a common statisticgeospatial terminology
database is published omwvw.EFGS.inf8. Please visit this website for furth@xformation regarding
definitionsand explanations of statisticgleospatial conceptsot explicitly described in this report.

0 http://Iwww. efgs.info/information-base/introduction/terminology/
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9 Conclusions

The need for a more systematic approach to location and geospatial information in the collection,
processing andissemination of statistics has been acknowledged by the EU and its Member States
for almost two decades. An overall conclusion from the GEOSTAT 2 project is that location needs to
be tightly and fully integrated into the statistical production procespoft-based foundation for
statistics is the key condition that enables NSlIs and the European Statistical System to increase
relevance and timeliness of statistics but also to improve efficiency and flexibility of production.

The main business of movinghtion into the core of statistical production is to set up a consistent
and flexible pointbased geocoding infrastructure for statistics. In a basic sense, alpased

geocoding infrastructure for statistics can be understood as a production settingevehecord

holding X, Y (and Z) coordinates of a location, along with a unique identifier (Id), can be linked to a
record with statistical or administrative data which belongs to this point. The characteristics of such
an infrastructure encompass the foling three generic principles:

1 Use of high quality poidbased location data, regularly updated with time stamps
1 Geocoding of statistical unit, and related statistical information, at unit record level
1 Use of standardised identifiers/geocodes to link ueitord data with location data

In order to mainstream the use of geospatial information in the statistical production process and to
design geospatial work flows that can serve multiple statistical domains, a broad understanding of
the different roles thageospatial data may play in the statistical production is needed. The GEOSTAT
2 project advocates NSIs to use existing business models and frameworks, e.g. the GSBPM and the
Global Statistical Geospatial Framework (SGF), as tools to start fleshingiota ket up, or

improve, crosgproduct solutions for geospatial information suitable for their particular business
conditions. The power of the GSBPM for structuring this process and support the communication
between statisticians and geospatial experts lieen proven successfully in a number of NSls as part
of this project.

Building on the procesisased approach of the GSBPM, this report has provided operational advice
on how to set up and maintain a potbased geocoding infrastructure. The key tasksedaborated

in detail in Chapter 6, but in essence the content can be expressed in the following
recommendations:

1 Make sure to obtain a good understanding of the expectations and requirements of the
users, both externally and internally. Introduction gb@int-based foundation for statistics
will and should ideally have an impact on several domains of the statistical production chain
(from survey design, collection methods, processing techniques, quality assessment,
sampling methods to dissemination anainfidentiality etc.). Hence, it is important to engage
the organisation broadly to find out how and where a pédbwaised infrastructure for statistics
can improve business processes.

1 Make a thorough assessment of location data sources that can be potgnts#d to set up a
point-based geocoding infrastructure and decide on a reasonable level of quality needed.
Fundamental and authoritative geospatial data from the National Spatial Data Infrastructure
should be the firshand option. Make sure that the praler or custodian has a consistent
and systematic scheme of maintenance to keep the dataset updated and that data is
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properly described in line with metadata standards or any other official data specifications. It
can be expected that the INSPIRE direciomg with the work pursued by UN GGIM: Europe
have triggered, or will trigger, a gradual improvement of access to geospatial data in many
Member States.

1 Build formal working relationships with external producers of geospatial information (e.g.
NMCAs) ato safeguard longerm provision of data. Cooperation between institutions
should ideally rely on (formal) agreements or legislation, but the agreements themselves are
no guarantee for a good, flexible and solid cooperation. Cooperation with producdegar
custodians should entail establishment of feledick routines for reporting and correction of
errors found in geospatial information.

1 Develop a strategy to manage the geospatial data streams in the best possible way. Such a
strategy should address tHeiman resources needed as well as the technical infrastructure
allowing for efficient processing of geospatial data (software, data storage, computing
capabilities etc.). The goal should be a flexible technical environment and to avoid
duplication of dataeand smooth processes for maintenance.

91 Develop routines on how to deal with the temporal aspects of data in order to obtain the
best possible temporal cohesion between location data and statistical and administrative
data to be geocoded.

91 Develop routinegor a uniform approach to geocoding, most notably describing
workarounds to handle erroneous data (erroneous ids, missing information etc.). Such
routines may include address validation tools, homogenisation of address information or
interpolation of adlress location points.

This report describes the complete geocoding infrastructure and its tight integration into the
production process as the goal that all NSls should strive to achieve and maintain. The survey
conducted by the project at haterm reveded that the situation in NSls with regard to the above
recommendations is diverse and ranges from a patchy, scattered implementation of some of the
above elements to a fully consistent production-sgtthat already covers almost all aspects
although impovements are always possible.

The creation of a geocoding infrastructure for statistics and its integration into the statistical
production process does nhot absolutely require altéamg approach and a complete redesign of
enterprise architectures, produidn processes and legislation inside and outside NSIs. Small and
stepwise improvements are possible and experts in NSIs will find many good examples along the
production process innex1 that contains a collection of national best practices for bges of

the GSBPM. Experts and managers in NSls should look at these individual use cases as a source for
inspiration for future improvement projects that suit best their national context. Integration of
statistical and geospatial information is a corrierge in the modernisation of official statistics. The
GEOSTAT 2 project consortium wishes all colleagues a lot of success on this long but rewarding
journey.
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