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Summary

Geography has long been played an important role in statistics for many years, especially
using different types of geographies for the collection, production, dissemination and
visualisation of statistics. Thus, in the statistical domain, data are collected and
disseminated at different geographic levels. However, there are still a lot of issues that
need to be addressed to get a streamlined system to produce statistics across different
territorial levels, related to regional breakdowns and data comparisons on the regional
level. Streamlined production means a modern and open system of building blocks, usable
across different institutions and national contexts. These building blocks should consist of
reusable code, code lists and standards related to geospatial data and geographic analysis
and processing.

More and more institutions are rapidly moving towards application programming interfaces
and cloud-based solutions. However, this trend seems to lack a harmonised methodology
and organised strategic approach.
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1. Introduction

The production and dissemination of statistics requires an increasing number of output
geographies that can match the wide number of users needs as well as addressing some
technical and methodological issues related to data quality, comparability, consistency and
disclosure.

There is no existing and applied standard geographic unit at a global level for statistical
purposes, aside from the national level in which most countries have their own statistical
geographies not aligned with their cross-border countries, neither an international
common framework for administrative units to ensure data comparison across countries
and regions. Also, no global harmonised approach to statistical dissemination is
implemented since none can meet the needs of statistical users, despite broad recognition
of the different benefits of producing statistics on grids and administrative geographies.

It seems unavoidable that the success of combining statistical and geospatial data in a
global context may require a standard framework on common geographies and geographic
codes (geocodes) to support the collection, production, integration, use and exchange of
statistical and geospatial data, and enable an appropriate comparison and dissemination
of geospatial statistics - e.g., grid statistics -, especially addressing the agreement on the
Sustainability Development Goals (SDGs). Also, this strategy and long-term vision seem
to be a future trend within the international geospatial community and major driver
changing the global geospatial information management landscape with impacts on the
legal and policy environment.

To achieve this scenario, National Statistical Institutes (NSIs) need to invest in a modern
statistical production line aligned with technological advances and open data
environments. Using an Information Technology (IT) platform based upon transparent and
reliable methods that easily handle with open programming codes and open services within
a cloud environment without dispose of authoritative data from public bodies and other
government institutions could be a feasible alternative.

Furthermore, the modernisation of the statistical production not only relies on
technological and technical components, but also in organisational components that should
ensure good cooperation and agreements between NSIs and National Mapping and
Cadastral Authorities (NMCAs) as these last ones as the main provider of authoritative
geospatial data used in NSIs for official statistics.
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2. Administrative and statistical geographies

A lot of geographical systems exist, from global to local level, for many purposes based on
an anthropic conceptualization of reality as geographic areas that are defined due to official
or legal action, for instance country, regions and administrative units. The following
chapter describes the most common geographical systems used in official statistics:
administrative geographies and statistical geographies. However, it is important to
highlight that these geographical systems for statistical purposes are more susceptible to
changes over time and are prone to have impacts on their spatial extent, description, and
attributes and ultimately, having effects in analysis and results. This issue is illustrative in
census data and any zonal-based statistical data reported with fixed output areas.

Global level

Different geographical systems exist on a global level to divide the world into regions,
countries and territories. For statistical processing purposes, the Statistics Division of the
United Nations (UN) Secretariat establishes a list of countries and areas containing the
names of countries or areas in alphabetical order, their three-digital numerical codes, and
their three-digit alphabetical codes assigned by the International Organization for
Standardization (ISO) (1). This standard is closely related to the ISO-alpha-3 code.

This list on standard country or area codes for statistical use (M49) (2) includes those
countries or areas for which statistical data are compiled by the same Statistics Division
and used in daily operations of the UN. The names of countries or areas also refer to their
short form used and not necessarily to their official name as used in formal documents.
These names are based on the United Nations Terminology Database (UNTERM) (3).

For the geographies as geospatial data exists a global dataset available at the Database
of Global Administrative Areas (GADM) (4), which is a high-resolution database of
country’s administrative areas. This online platform provides maps and geospatial data for
all countries and their sub-divisions, at high spatial resolutions that include an extensive
set of attributes. The database is available in a few output formats for data export,
including shapefiles that are used in most common Geographic Information Systems (GIS)
applications and environments.

Geostat 4 - Output Geographies 4
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Figure 1. Countries and territories of the world (GADM, 2021). Source: GADM 3.6 CC-BY 2.0

Although it is a public database, GADM is not freely available for commercial use. The
GADM project created the geospatial data for many countries from spatial databases
provided by national governments, NMCAs, and/or from maps and lists of names available
on the Internet. For handling GADM using code there exist an R package named GADMtools
(5). Another option is to use the R package giscoR from Eurostat for country codes and
maps (6). Country names can be handled using R package countrycode (7).

There exist no single system describing all territories on Earth’s surface. Furthermore,
there is no single authoritative place for Application Programming Interface (API) driven
production lines that integrate geography and statistics, and handle history, changes in
geographies, names and languages.

Regional level

Different geographical systems exist in different regions and varies between different
statistical domains, themes and institutional contexts. However, for statistical purposes
and reporting to Eurostat, Nomenclature of Territorial Units for Statistics (NUTS) is used
from the mid-1970s, in the scope the Economic European Community, between the
Eurostat, the European Commission (EC) and Member States (MS), with the goal of
allowing a unique, uniform and hierarchical division of territorial units for purposes of
statistical production and dissemination.

NUTS is a geocode standard for referencing the subdivisions of countries for statistical
purposes. The standard is developed and regulated by the European Union (EU), and thus
only covers the MS of the EU in detail.

Geostat 4 - Output Geographies 5
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Figure 2. NUTS (Eurostat, 2021). Source: European Commission (EC) - Eurostat/GISCO.
Administrative boundaries: © EuroGeographics, © TurkStat.

For each EU’s MS, a hierarchy of three NUTS levels (NUTS 1, NUTS 2 and NUTS 3) is
established by Eurostat in agreement with each MS. The subdivisions in some levels do
not necessarily correspond to administrative divisions within the country. The NUTS
regions, defined at the Community level, make it easier to compare statistical data within
the EU territory and aim to mitigate the divergences between matrixes of spatial
delimitation used in both statistical and dissemination production. This concern allows for
an integrated statistical data analysis and enables a production of comparable and timely
territorial-based statistics across Europe.

The NUTS is also an instrumental within the EU Structural Funds and Cohesion Fund
delivery mechanisms and for locating the regions where goods and services subject to
European public procurement legislation are to be delivered. The election of regions to be
supported by European funds is the NUTS 2 or NUTS 3 level delimitation. Also, the periodic
report prepared by the EC every three years on the situation of European regions regarding
economic and social development is prepared on the basis of NUTS 2 level analysis. In the
regard, besides being used as a reference in the data collection, production and
harmonisation system of regional statistics at European level and in socio-economic
regional analysis, the NUTS is also used as a framework for European regional policies,
therefore providing regionalised statistical data to support EU policies and related
assessment instruments.

Geostat 4 - Output Geographies 6
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A NUTS code begins with a two-letter code referencing the country, as abbreviated in the
European Union's Interinstitutional Style Guide. The subdivision of the country is then
referred to with one number. A second or third subdivision level is referred to with another
number each. Each numbering starts with 1, as 0 is used for the upper level. Where the
subdivision has more than nine entities, capital letters are used to continue the numbering.
Below the three NUTS levels are Local Administrative Units (LAU). A similar statistical
system is defined for the candidate countries and members of the European Free Trade
Association, but they are not part of NUTS governed by the regulations.

According to Regulation 1059/2003, in order to establish the relevant NUTS level in which
a given class of administrative units in a MS is to be classified, the average size of this
class of administrative units in the MS shall lie within specific minimum and maximum
population thresholds according to the NUTS level. The minimum is 150 thousand for NUTS
3, 800 thousand for NUTS 2 and 3 millions for NUTS 1, and the maximum is 800 thousand
for NUTS 3, 3 millions for NUTS 2 and 7 millions for NUTS 1. In the case that the population
of a whole MS is below the minimum thresholds for a given NUTS level, the whole MS will
be one NUTS territorial unit for this level. This aggregation shall take into consideration
such relevant criteria as geographical, socio-economic, historical, cultural or
environmental characteristics, and the resulting aggregated units should further be
referred to as “non-administrative units”. Although it is desirable to assure that regions of
similar size are coded in the same NUTS level, each of these levels still integrate regions
with clearly different sizes in terms of area, resident population, economic development or
administrative power. This heterogeneity reflects, at a larger extent, the existing situation
in each of the MS.

Eurostat also provides repositories on GitHub (8) related to handling of NUTS and regional
units (e.g., handling aggregations of NUTS and NUTSZ2json for web map illustrations, made
in Python). A R package on CRAN (9) and an API (10) are also available from Eurostat on
NUTS.

EuroGeographics provides administrative boundaries as a geospatial dataset named
EuroBoundaryMap. EuroBoundaryMap is a seamless geospatial database at the scale
1:100000 covering 55 European countries and territories (according to ISO country code
and Kosovo) from 39 data producers. It contains geometry, names and codes of
administrative and statistical units continuously updated by the MS and NMCAs in the
European context. It links to the updated statistical codes of LAU and NUTS for all local
administrative units of the 27 MS of the EU. On one hand, NUTS do not cover all the
European spatial extent, and on the other hand, administrative boundaries are often
subject to territorial changes based on political and legal actions, making data comparisons
for time series across Europe very difficult.

Geostat 4 - Output Geographies 7
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Furthermore, administrative and statistical geographies are usually quite heterogenous in
size presenting a high spatial variance between the smallest unit and the biggest one,
which has impacts, limitations and challenges in data analysis, representation and
interpretation. A mentionable example is how cities and functional urban areas are affected
by these building blocks and the changes that come from it.

Country level

Most countries in Europe have their own geographical systems for handling different types
of geographies. In the European context, to meet the demand for statistics at a local level,
Eurostat establishes a hierarchical system of administrative boundaries designated of LAU
compatible with NUTS. These LAUs are the building blocks of the NUTS and encompass
the municipalities (LAU 1) and communes or parishes (LAU 2) of the EU. In addition, these
administrative units are used as input and output geographies to operationalise a set of
territorial typologies (TERCET) (11) to address EU policy-makers’ increasing need for such
data in the context of territorial development policies and practices and to determine
eligibility for regions under the cohesion funds (12).

However, there also exist a variety of other aggregates and extensions of NUTS and LAU
for statistical purposes. These might be linked to a pure statistical hierarchy or linked to
different administrative identities. Below is an example on Norway’s national
administrative hierarchies: civil, church, military and juridical divisions. These are perhaps
the most common administrative geographies at country level, with long timelines. In
many countries these administrative divisions may be linked to single farms or ground
properties, often established as an old system for taxation.

Table 1. Examples on national administrative hierarchies in Norway

Level Civil Church Military Juridical
Federal Hovedlen / Stiftamt | Stift / Forsvarskommando Lagdgmme
State / Landsdel bispedgmme (landsdelskommandoer)
County Fylke / Len / Amt Distriktskommando / Lagsogn
Divisjonsdistrikt
Grevskap / Baroni Prosti Regimentsdistrikt (1628) / @ Birker
Krigskommissariat
Fogderi / Prestegjeld Bataljonsdistrikt (ca 1770) | Sorenskriveri
futedgmmer / Kompanidistrikt (1628)
Sysler / Skipreider Tinglag
Muni- Herred [old. nor. Kirkesogn / | Roder / Legder (1628) Skipreide / «Ship
cipality Herad] / kommune | Parish area» ca 900 ~
City Bydel
division

[Basic statist. unit]
Farms Garder [Farms] [Farms] [Farms] [Farms]
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In Portugal, the administrative division is the oldest nomenclature of territorial units
provided in the law under the terms of the Constitution of the Portuguese Republic of 1976,
local authorities are collective territorial legal persons with representative bodies in which
for the mainland these authorities are divided in three categories/levels: Level 1)
administrative region - district in the case of the mainland; Level 2) municipality (LAU 1);
and Level 3) parish (LAU 2).

In the Autonomous Regions of Acgores and Madeira a specific form of autonomous
administrative organisation is established due to their specific geographic, economic, social
and cultural characteristics and granted with political and administrative capacity. The
islands from both regions are the first level in what concerns the administrative region,
identified through a two-digital numerical code, as it is the mainland in the case of districts.

The encoding of the administrative regions in the Portuguese national territory is essential
for the use of administrative units in the context of the National Statistical System (NSS)
through a procedure in assigning a numerical code and according to a set of criteria for
standardisation of existing encodings to the administrative region. The Level 1 (district)
for all Portuguese territory is identified through a two-digital humerical code, as it was
previously mentioned, the Level 2 (municipality) identified through a four-digit numerical
code, in which two of these digits correspond to the municipality within the district and
Level 3 (parish) identified through a six-digit numerical code, in which two of these digits
correspond to the parish within the municipality.

It is important to mention that the Level 1 concerning the districts for the mainland are
not used for statistical purposes as in the case of the municipalities and parishes.
Furthermore, in terms of official statistics and statistical dissemination, Statistics Portugal
provides a wide range of sub-regional statistical data and information, namely at the
municipality level (LAU 1), attending the increasingly need from the users to have statistics
at the local level from more territorially disaggregated and detailed data. At the parish
level, data comes from exhaustive surveys, like censuses, that are regularly conducted in
Portugal (e.g., Population and Housing Censuses, and Agricultural Census), and
administrative sources, in which data stemming from administrative procedures are used
for statistical purposes, involving some government bodies and public institutions.

In addition to administrative geographies and administrative-territorial units division,
there are usually a set of other geographies, many of which usually build upon
municipalities (LAU 1) or parishes (LAU 2) as building blocks, for purely statistical
purposes. In this regard, statistical geographies based on statistical divisions at national
level were developed as another type of territorial divisions that attend the needs of the
statistical production process and the users.

Geostat 4 - Output Geographies 9
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In the Portuguese case, for the purpose of conducting censuses of population and housing,
small statistical territorial units were delimited setting up a census geography. The
preparation and execution of a population and housing census operation that requires geo-
referenced data based on small territorial units conducted to the development of system
of geographic reference which, containing the administrative delimitation, divides parishes
in small statistical areas — statistical sections and subsections. This system is integrated
in digital format in the GIS of Statistics Portugal, the Information Reference Geographical
Database (BGRI). The BGRI is a fundamental structure supporting census processes and,
the same, a tool for census dissemination.

In 2021 Census, the national territory was divided in 9929 statistical sections and 210170
statistical subsections, a considerable reduction from the 2011 Census. Also, in the context
of census operations, a locality is a territorial delimitation consisting in a population cluster
with 10 or more residential dwellings and to which a distinct place is attached, irrespective
of whether it belongs to one or more parishes.

Concerning the small statistical areas, the statistical section in the territory unit
representing the continuous area of a single parish with approximately 300 dwellings, and
the statistical subsection is the territorial unit which identifies the smallest homogeneous
area, whether built-up or not, existing in the statistical section. It represents a block in
urban areas, a locality or part of a locality in rural areas or to residual areas which may or
may not contain dwellings.

The growing concentration of population and economic activity in urban areas and the
consequent demand for statistics resulted in the need to delimitate statistical geographies
that are representative of the urban territories and their dynamics as cities are showing
an increasingly importance as driving forces of economic growth, competitiveness and
employment.

Since the national legislation doe does not account the city territorial delimitation,
Statistics Portugal has created the “statistical city” by defining the statistical criteria
according to which it becomes possible to establish cities’ territorial delimitation. The
statistical city is the territorial unit corresponding to adjustment of the urban perimeter as
laid down in the legal instruments concerning land occupation for the settlement with city
status, to the statistical subsections’ perimeter used by Statistics Portugal in the BGRI.
This statistical division results from an institutional partnership between Statistics Portugal
and municipalities. Also, within the urban dimension for statistical purposes, the
Classification of urban areas consists in a triple classification of the national parishes (LAU
2) in predominantly urban areas, medium urban areas and predominantly rural areas. This
classification was revised in 2014 as “TIPAU 2014”, replacing the 2009 version and its
methodological approach was based on the 2011 Census statistical sections and
subsections and follows four steps. This methodology aims the use of objective
quantitative and qualitative criteria easily operationalised that ensures comparability
between classifications.

Geostat 4 - Output Geographies 10
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Furthermore, municipalities (and sometimes parishes) are often building blocks that
connect to international regional divisions like the Degree of Urbanisation (DEGURBA) and
Functional Urban Areas (FUA) from Eurostat. DEGURBA is a territorial typology
classification of three categories (densely populated areas, intermediate areas and thinly
populated areas) based on density and population size criteria. FUA is a territorial typology
classification that delimitates cities and their commuting zones from the administrative
units enabling a comparison of the number of cities and the share of population in them
on a harmonised basis across Europe. This classification was developed jointly by the EC
and the Organisation for Economic Co-operation and Development (OECD).

For a streamlined production for international reporting these correspondences should be
made available via API’s. Not only for NSIs themselves, but also for the NMCAs to consult
the code lists in geospatial data, and for all other government bodies, public institutions
and private organisations that may need these correspondences e.g., for reporting or
analysis operations. Below are some examples from Statistics Norway, with links to code
lists available through API's:

e Codelist for degree of urbanisation (DEGURBA) - Statistics Norway (ssb.no)
e Codelist for functional urban areas (FUA) - Statistics Norway (ssb.no)
e Codelist for NUTS - Statistics Norway (ssb.no)

The availability of administrative geographies below country level, as geospatial data,
varies a lot between countries. Availability of API driven systems for classification of
regional units also varies a lot.

3. Grid geographies

Grid systems can be divided into their geographical extent as output geographies attending
the need to produce statistics for smaller geographical areas in a more comparable, flexible
and timely way, for global, regional or national scope. Grid systems are derived grid
statistics have been strongly proposed in the last years as an alternative statistical output
system in order to respond the shortcomings of the geographical systems, especially for
statistical purposes, based on administrative units or other spatially irregular systems.
Furthermore, one of the potentials of grid systems rely on the ability to manage and
integrate other data sources and presents itself as an option for addressing the technical
challenges of integrating statistical and geospatial data in a flexible and integrated way.

Geostat 4 - Output Geographies 11
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Grids are a geographical system of statistical output areas composed of equal sized,
normally squared grid cells with varying grid cell sizes, in which in a cross-border context
1 km? grid cells have widely become a standard and represent a suitable size between the
increasingly demand for detailed statistics and data protection concerns. These output
geographies are appropriate for any type of spatially referenced statistics reporting,
representing a useful geographical output system, preferably in a hierarchical, neutral and
stable manner, since it helps to deeper capture the spatial extent of phenomena ensuring
more spatial and mapping accuracy. It also allows to have a multi-scale approach when
conducting spatial analysis and representing data since enables adapting to the size of the
study area and spatial resolution of the event according to the user needs, encompassing
from local to global level. For these reasons, this system presents benefits related to data
representation, especially concerning discrete boundaries and continuous phenomena,
such as environmental events, and data interpretation enabling a more comprehensive
data comparison in space and time since it ensures time stability for time series.

Also, it fits to the purpose of the user adjusting the spatial resolution of the data with the
spatial resolution of the event, providing functional output areas for statistics based on
objective criteria and allowing a more territorially flexible approach, especially when
conducting spatial analysis and for mapping scaling purposes.

Most statistics reported through this system are related to resident population, population
density (for population and housing census purposes) resulting on a population grid net,
or built-up areas based on Earth Observation data and resulting on a settlement grid net.
In the European context, the Scandinavian countries (EFTA members) are far advanced
compared to other European countries, including EU’s MS, since they started in the 1970s
to add grid statistics in their statistical production process and statistical products, mainly
related to population statistics. Over the years, population grids have gained broad
acceptance in the EU and beyond as a complementary system for production and
dissemination of statistics, recognized by the European Statistical System (ESS) and
strongly promoted by the European Forum for Geography and Statistics (EFGS) through
the outcomes from the GEOSTAT 1 project - Representing Census data in a European
population grid. Outside the European context, the United Nations Economic Commission
for Europe (UNECE) also proposes several recommendations concerning population grids
for the 2020/2021 census round.

Grid statistics may be developed through data aggregation, disaggregation and mixed
methods. In the case of data aggregation methods is commonly through point-based
georeferenced statistical data in a straightforward approach wherein the transition from
point-based geocoded microdata to grid data becomes a continuum enabling territorial
flexibility to the statistical production process. On the other hand, in the absence of a
point-based statistical data as a source data for grid statistics, disaggregated lager
statistical geographies may be used using auxiliary information and requiring ad-hoc
adjustments. The following is a short introduction with examples for each regional level.

Geostat 4 - Output Geographies 12
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Global systems

Numerous grids are defined to cover the whole globe. The global grids may be defined for
different purposes such as cartography, tiling of geospatial data, navigation, visualization,
spatial sampling design and frame and analysing time-series data.

1-4 Inhabitants
5-19 Inhabitants
| 20-199 Inhabitants
L [l 200- 499 Inhabitants
) [l 500- 5000 Inhabitants
|, Il 5000 Inhabitants

Figure 3. Global grid example. Population on ISEAH3 Res 16 DGGRID. EPSG 25833.

The figure above shows an example of global hexagonal grid in a national projection.
Hexagons are perhaps the most used shape of grid cells used in discrete global grid
systems. The software perhaps most frequently referred to is the DGGRID (13) and H3
(14).

OGC (Open Geospatial Consortium) have published an abstract on DGGS (Discrete Global
Grid Systems). This Abstract Specification (15) lays the foundations for Discrete Global
Grid Systems (DGGS). It defines Common classes for spatio-temporal geometry, topology,
and reference systems using identifiers, a DGGS Core Reference system as a reference
system using zonal identifiers with structured geometry that may be spatio-temporal, a
suite of DGGS Core Functions, and it specifies Equal-Area Earth DGGS.

The OGC DGGS Abstract Specification supports the specification of standardized DGGS
infrastructures that enable the integrated analysis of very large, multi-source, multi-
resolution, multi-dimensional, distributed geospatial data. Interoperability between OGC
DGGS implementations is anticipated through implementation standards, and extension
interface encodings of OGC Web Services. Although many implementations of DGGS
exists, in terms of software and grid types, none of them have so far been implemented
in day-to-day production process of NSIs.

Geostat 4 - Output Geographies 13
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Regional grid systems

Several regional grid systems exist. For Europe there is however a single system for grid
statistics on a regional level, often referred to as the census-grid or the INSPIRE-grid (15).

The grid is based on the ETRS89 Lambert Azimuthal Equal Area (ETRS89-LAEA) coordinate
reference system with the centre of the projection at the point 52° N, 10° E and false
easting: x0 = 4321000 m, false northing: yO = 3210000 m. The origin of the grid coincides
with the false origin of the ETRS89-LAEA coordinate reference system (x=0, y=0). The
grid is hierarchical, with resolutions of 1m, 10m, 100m, 1000m, 10000m and 100000m.

1-4 Inhabitants
5-19 Inhabitants

20 -199 Inhabitants

- [ 200- 499 Inhabitants
[ I 500- 5000 Inhabitants
"1 Il >5000 inhabitants

Figure 4. Regional grid example. Population on Grid_ETRS89-LAEA1000. EPSG 25833.

The grid is used both for reporting census statistics and for different types of analysis. The
following table shows variables to be reported in the census 2021 round.

Table 2. Variables in 2021 census on grid

Variables Remarks

Total population

Sex

Age groups (0-14, 15, 64, 65+)

Birth country (Country/EU/other)

Living place 1 year before (unchanged, internally migrated, migrated from abroad)
census

Geostat 4 - Output Geographies 14
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National systems

A lot of countries in the world have their own national system of grids for statistical
purposes. In Europe, all EU and EFTA members, have their own grids for statistical
purposes. Most of them based upon national projection systems, some of them with a long
history of use. Others have adopted the INSPIRE grid as their grid for statistical purposes.
All being based upon square grids and a hierarchy of grid cells and unique grid cell
identifiers.

Most common is a square grid system based upon a national projection, where grid cell
identifier is derived from the coordinates of the lower left corner, combined with a fixed
false easting to ensure equal length of identifiers. Often a prefix is included in the cell ID
to tell which grid cell size the statistics is associated with.
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Figure 5. National grid example. Population on 1x1km grid. EPSG 25833.

4. Combining different geographies

In the previous chapters we have described what is available at different geographic levels,
both for administrative boundaries and grid systems. In this chapter we will have a look
at challenges and opportunities when combining these different systems and geographic
levels.

Geostat 4 - Output Geographies 15
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Administrative geographies

Administrative geographies are available at different geographic levels, from global to local
level. Change and differences in geographic accuracy of borders is a common challenge.
The ideal situation would be to have same geographic accuracy over time and space.
However, this is seldom the case. By nature, administrative geographies are often quite
different in area and shape, and by population per area.

When possible, time series with administrative boundary geodata should be enhanced,
using best available geographic accuracy of border lines. The figure below shows an
example of such a “remastering” of 1999 municipality borders using 2019 border data.

Figure 6. Remastering border data. 1999 (green), 2019 (red), remastered 1999(yellow/red).

Although municipalities are the most used administrative geography in national statistics,
also other geographies are in use. Below is an example on co-presentation of some
administrative geographies; post code areas, voting districts, statistical districts and units,
school districts and municipalities. The example below (Figure 7) is only a few of the many
different types of administrative geographies in use around. Some of these geographies
follow much the same borders, others do however differ for administrative or historical
reasons. When possible, a transaction base with correspondence between different types
of administrative codes should be made on address level or equivalent level.
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Post code area

LUNDERSZETER

T ihocesieren Voting district

ROVERUD

Statistical district
Basic statistical units
School district

Municipality

Figure 7. Example of co-presentation of different administrative geographies.

Grid geographies

Using grid systems where areas and shapes are fixed, have some advantages when it
comes to comparisons over time and space, compared with administrative boundaries that
are more exposed to changes. The use of hierarchical square grid systems is widely used,
especially at national level. Usually based upon national projection, which means less need
for transforming geodata, as most data are used at national level.

Use of hierarchical square grid systems also make it easy to aggregate data from one grid
cell size to larger ones. This close relationship between grid cells of different sizes is
however also challenging for handling privacy issues, as the combination of different
statistics at different grid levels enables revealing of otherwise suppressed information.

The next figure (Figure 8) gives an example on how the number of grid cells with low
population figures increases as the grid cells used get smaller. Red grid cells are populated
grid cells below threshold value of 10 persons, green cells above. Left side shows 1x1 km
grid, right side 250x250m grid. Most of the green cells in the 250m grid are within a small
urban settlement, and almost all red grid cells are in urban areas or on the edge of the
urban settlement. Threshold values and how we handle confidentiality hence have a great
impact on the usability and interpretation of grid statistics, both in terms of spatial
distribution and change in spatial patterns, and in terms of change over time.
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Figure 8. Example grid and confidentiality. 1x1km on the left and 250x250m on the right.

Below is an example from Norway with figures for population (2020) on grids, by number
of grid cells at three different grid cell sizes (250m, 1km and 5km). The number of grid
cells that need to be suppressed is here given a threshold value 1-9 persons in the grid
cell. Grid cells are here suppressed in a single step, independent of the other grid cell
sizes.

Table 3. Example on population suppression given threshold value 1-9. Norway 2020.

Cell size | Populated Cells Unsuppressed Cells Suppressed Cells Suppressed

cells (N) (N) (N) (%)

250 m 222 247 69 842 152 405 68,6
1 km 54 967 31 334 23 633 43,0
5 km 7 621 6177 1 444 18,9

In this case almost 70 per cent of the 250m grid cells will be suppressed in this first step.
Well 40 per cent of the 1km grid cells need to be suppressed, and for 5km grid cells almost
1in 5 grid cells will be suppressed.

Focusing on the 250m grid cells, additional 8,7 per cent of the cells must be suppressed
in @ second step, because only one 250m grid cell is suppressed within a 1km grid cell.
Similar must be done in a third step, if also considering the 5 km grid cells.
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The following table shows the number of grid cells and people, by exact figures in the grid
cells and grid cell sizes, in a first suppression step. About 600 000 residents, or about 10
per cent of the total population, must be suppressed at country level. At regional level the
share of suppressed 250 m grid cells will be very high.

Table 4. Number of suppressed grid cells and persons. Threshold 1-9 person.

Grid cells (N) Persons (N)
pop_tot 250 m 1 km 5 km 250 m 1 km 5 km
In all 152 405 23 633 1 444 577 589 99 769 6 071
(1-9)

1 25 459 3770 274 25 459 3770 274
2 32722 4 127 225 65 444 8 254 450
3 21 022 2923 165 63 066 8 769 495
4 21 103 2 842 169 84 412 11 368 676
5 16 220 2 462 159 81 100 12 310 795
6 12 516 2 204 114 75 096 13 224 684
7 9 844 1971 118 68 908 13 797 826
8 7 567 1729 109 60 536 13 832 872
9 5 952 1 605 111 53 568 14 445 999

Administrative geographies and grid geographies

A blend of administrative geographies and grid geographies is often used. Either for co-
visualisation of gridded data with administrative boundaries, or as part of a production
line. The latter might be either a bottom-up or top-down approach, or a hybrid.
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Statistics on maps
Statistics Norway.

Figure 9. Example map - Combination of administrative geographies and grid. Norway. 2021.
EPSG 32633.
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When mixing these different types of geographies, and correspondent statistics, challenges
with changes in geographic accuracy and confidentiality issues (e.g., geographic
differencing) become even more evident.

5. Methodological routines

From planning data capture to publishing results and revise the process, there are huge
number of methodological steps. In this sub chapter we will focus on those steps related
to the integration of geography and statistics within an open-source environment.

Get maps and statistics

Unless there is an internal geodatabase and statistical database for complete, there is also
a need to get some data from external sources. Eurostat has published a lot of helpful
tools on GitHub and CRAN (17-20). Similar sources should be searched for from national
sources, both NSIs and NMCAs.

Get code lists and correspondences

Once having the necessary statistics and maps, authoritative and common code lists and
correspondence tables are required. These technical requirements are relevant to ensure
data sharing between institutions and organisation through interoperability of geospatial
and statistical information and the development of common tools and applications. In this
regard, interoperability methods and approaches are preconditions for statistical and
geospatial data integration to overcome structural, semantic and syntactic barriers when
merging statistics and maps allowing the statistical and geospatial communities to keep
their own general data models, capabilities and architecture while linking statistical
datasets and geographies in a more efficient and harmonised way.

Eurostat provides a lot of code lists and correspondences, however there is still a lack of
those at a national level. Code lists and correspondences should not only ensure the
suitable use the right codes, but also make it possible to switch between different
geographic levels, given that the statistics is aggregate able.
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Confidentiality and grids

Perhaps one of the most challenging methodological steps before publishing results, is to
make sure that privacy rules are kept. This becomes more and more challenging the more
information is given, the lower the geographical level is, and the more different
geographies are published. When publishing statistics by both administrative geographies
and grid cells of different sizes and types, the most common ways of suppressing data
often come to short. Some sort of masking, scrambling or introduction of noise need to be
done.

As statistics on administrative and statistical geographies has a long history, one should
consider “scrambling” the grid statistics separately, but in a way that do not disclose
information when information from grid statistics is combined with information from other
sources. Plenty of tools exists, like ARGUS (u-ARGUS, T-ARGUS) and the R-packages (e.g.
sdcMicro, sdcMicroGUI, sdcTable, easySdcTable, GaussSuppression).

Depending on the national situation of basic data, coordinate reference systems (CRS) and
rules for handling confidentiality, a production line may be described in 3 steps (1,2 and
3) and with 3 optional paths (A, B and C). See figure below.

Figure 10. Overarching example scheme with 3 steps and 3 optional paths of handling grid
statistics and confidentiality.

In the figure 10, A illustrates an INSPIRE based path, B a path based upon national CRS
and grid system, and C a path based upon a global CRS and DGGS grid. For each path
there are 3 steps: preparation of data (step 1), handling of confidentiality (step 2), and
aggregation to statistics (step 3).

1) Preparation of data: Data with coordinates and an identifier is read into a proper
format or database. If necessary, coordinates are transformed into wanted CRS.
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2) Handling of confidentiality: Use of pseudonymised and rank ordered identifier.
Choice of threshold values and minimum grid cells for shuffling data. See next figure
for more details.

3) Aggregation to statistics: Once confidentiality is handled at one level, centroids of
the minimum grid cell may be used for aggregating to any higher level.

The handling of confidentiality (step 2) is illustrated in more detail in the next figure. The
record IDs (PID) are here pseudonymised twice (PNR1 and PNR2), and rank ordered into
two new keys (RANK1 and RANK2). RANK1 and RANK2 are then used as keys for the
statistical information and the grid cell respectively. For grid cells with a total population
with a certain threshold value (POP_TOT < N) information may then be shuffled. Shuffling
may be done for the whole country in one operation, or one may use an additional step to
regionalise the shuffling.

PSEUDONOMIZED PID NR 1 GRID CELLS
0<POP_TOT<N
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Figure 11. Scheme for double pseudonymized rank ordered shuffling of data.

In this way privacy may is kept, and still be able to publish at a low geographic level, with
different grid systems. On the other hand, if there are not exact coordinates or addresses,
and for faster geoprocessing, some other type of indexing may be considered. The Google
Plus code is one of several ways of addressing or georeferencing data (21). Below is an
example showing Plus code for Statistics Portugal.
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Figure 12. Example on addressing using Plus code. Portugal.

Visualise and publish

Most institutions have their own style of presenting text and tables. Creating an own
harmonised style for statistical maps may be challenging. As a tool for finding right colour

palettes, Colorbrewer may be used (22). Eurostat have developed some tools for
visualization of grid statistics (23).

The following figure presents a map for the Portugal’s 2011 Census of population statistics
on a 1x1 km grid. The map is interactive, and the tools from Eurostat are provided with
several other examples.
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Figure 13. Example on map publishing, Portugal.
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Another example of creating geo-based data visualisation tools using

grid statistics from Statistics Portugal is the project based on geo-referenced
administrative tax data. In 2017, Statistics Portugal began the dissemination of quarterly
statistics on house prices at local level based on administrative tax data, namely the
Municipal Property Transfer Tax (from where the transaction prices are obtained) and the
Municipal Property Tax (from where identifying characteristics of the transacted dwelling
are obtained, including x, y geographic coordinates and parishes — LAU 2) provided by the
Portuguese Tax and Customs Authority.

Besides the regular dissemination of statistical indicators according to common territorial
units (NUTS, municipality and parish level), Statistics Portugal also aimed at providing a
tool that would allow users to browse information according to a more detailed geography
at the local level. The solution was found through a geo-based data visualisation tool that
provides users with the possibility of customizing their search on house prices based on
different geographies. In this regard, the “House prices - Cities” tool (Figure 13) was
developed using an API (JavaScript) for ArcGIS environment and is compatible with mobile
devices. This web application tool allows to search for median prices of dwellings sales
(€/m2) for the seven Portuguese cities with more than 100 thousand inhabitants - Lisboa,
Porto, Vila Nova de Gaia, Amadora, Braga, Funchal and Coimbra.

{’/ House prices for the cities

Figure 14. House prices for cities web application tool - Lisboa. Source: Statistics Portugal, House
price statistics at local level.

Users can browse and customize their data selection by parish level, statistical section
(Census 2011 geography) and by a 500m x 500m grid. For statistical sections and grids,
results refer to a minimum of seven transactions. The house prices web application is one
of the most consulted products of Statistics Portugal, which is indicative of its usefulness
and responsiveness to users' needs.
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Given the relevance of x, y coordinates for data tabulation at city level, the implementation
of validation procedures, including consistency with administrative division units and the
use of auxiliary data sources from other government bodies and public bodies (e.g., ADENE
- National Agency of Energy) are relevant to fill in data gaps, increase the scope of data
availability at high territorial detail and to ensure data quality. In addition, the level of
data granularity implies a careful assessment of data reliability and confidentiality issues
raised by the possibility of custom data selection according to territorial arrangements
defined by users.
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Appendix

ISEA3H Details

The following chart shows the number of cells, their area, and statistics regarding the

spacing of their center nodes for the ISEA3H grid type!.

Res Number of Cell Area Min Max Mean Std

Cells (km~2)

0 12  51,006,562.17241
1 32 | 17,002,187.39080 | 4,156.18000 | 4,649.10000 | 4,320.49000 | 233.01400
2 92 | 5,667,395.79693 | 2,324.81000 @ 2,692.72000 @ 2,539.69000 139.33400
3 272 | 1,889,131.93231 | 1,363.56000 | 1,652.27000 | 1,480.02000 | 89.39030
4 812 629,710.64410 756.96100 914.27200 855.41900 52.14810
5 2,432 209,903.54803 453.74800 559.23900 494.95900 & 29.81910
6 7,292 69,967.84934 248.80400 310.69300 285.65200  17.84470
7 21,872 23,322.61645 151.22100 187.55000 165.05800 9.98178
8 65,612 7,774.20548 82.31100 104.47000 95.26360 6.00035
9 196,832 2,591.40183 50.40600 63.00970 55.02260 3.33072
10 590,492 863.80061 27.33230 35.01970 31.75960 2.00618
11 1,771,472 287.93354 16.80190 21.09020 18.34100 1.11045
12 5,314,412 95.97785 9.09368 11.70610 10.58710 0.66942
13 15,943,232 31.99262 5.60065 7.04462 6.11367 0.37016
14 47,829,692 10.66421 3.02847 3.90742 3.52911 0.22322
15 143,489,072 3.55473 1.86688 2.35058 2.03789 0.12339
16 430,467,212 1.18491 1.00904 1.30335 1.17638 0.07442
17 1,291,401,632 0.39497 0.62229 0.78391 0.67930 0.04113
18 | 3,874,204,892 0.13166 0.33628 0.43459 0.39213 0.02481
19 | 11,622,614,672 0.04389 0.20743 0.26137 0.22643 0.01371
20  34,867,844,012 0.01463 0.11208 0.14489 0.13071 0.00827

! dggridR: Discrete Global Grids for R (nexr.com)
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H3 Details

Details for the H3 grid system used by Uber?.
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H3
Resolution

Average Hexagon
Area (km?2)

Average Hexagon
Edge Length (km)

Number of unique
indexes

0 4,250,546.8477000 1,107.712591000 122
1 607,220.9782429 418.676005500 842
2 86,745.8540347 158.244655800 5,882
3 12,392.2648621 59.810857940 41,162
4 1,770.3235517 22.606379400 288,122
5 252.9033645 8.544408276 2,016,842
6 36.1290521 3.229482772 14,117,882
7 5.1612932 1.220629759 98,825,162
8 0.7373276 0.461354684 691,776,122
9 0.1053325 0.174375668 4,842,432,842
10 0.0150475 0.065907807 33,897,029,882
11 0.0021496 0.024910561 237,279,209,162
12 0.0003071 0.009415526 1,660,954,464,122
13 0.0000439 0.003559893 11,626,681,248,842
14 0.0000063 0.001348575 81,386,768,741,882
15 0.0000009 0.000509713 569,707,381,193,162

2 Table of Cell Areas for H3 Resolutions | H3 (h3geo.org)
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Footnotes

(1) International Standard ISO 3166-1, Codes for the representation of names of countries and
their subdivisions--Part 1: Country codes, ISO 3166-1: 2006 (E/F), International Organization
on Standardization (Geneva, 2006). The latest version is available online
at http://www.iso.org/iso/home/standards/country codes.htm

(2) https://unstats.un.org/unsd/methodology/m49/

(3) The listing of countries or areas in the six official languages of the United Nations can be found
on the UNTERM website at http://unterm.un.org, and was previously available as Terminology
Bulletin No. 347/Rev.1, prepared by the Department of General Assembly Affairs and
Conference Services of the United Nations Secretariat

(4) GADM webpage: https://gadm.org/

(5) R package GADMtools: https://github.com/IamKDO/GADMTools

(6) R package giscoR: https://ropengov.github.io/giscoR/

(7) R package countrycode: CRAN - Package countrycode (r-project.org)

(8) Eurostat on GitHub: https://github.com/eurostat

(9) Eurostat on CRAN: https://cran.r-project.org/web/packages/eurostat/index.html

(10) Eurostat on CRAN: https://cran.r-project.org/web/packages/eurostat/index.html

(11) TERCET - amending Regulation (EC) No 1059/2003 - aims to integrate the typologies into
the Nuts Regulation in order to ensure a harmonised an application of the typologies and allow
for cross-referencing from other acts and programmes as well as comparable analysis.

(12) Regulation (EU) No. 522/2014 which refers to the degree of urbanisation of local
administrative units to define eligibility for European Regional Development Fund support to
carry out innovative actions in cities and towns and suburbs, which constitutes a part of this
typology’ classes, more rural areas.

(13) DGGRID: Software — STCL (discreteglobalgrids.org)

(14) H3 : H3 | H3 (h3geo.0rg)

(15) Topic 21 - Discrete Global Grid Systems - Part 1 Core Reference system and Operations
and Equal Area Earth Reference System (ogc.org)

(16) INSPIRE Data Specification on Geographical Grid Systems — Technical Guidelines |
INSPIRE (europa.eu)

(17) GitHub - eurostat/eurostat-map.js: Reusable library to quickly create and customise web
maps showing Eurostat data directly retrieved from Eurostat database.
(18) GitHub - eurostat/Nuts2json: Eurostat NUTS dataset as JSON for web mapping
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http://www.iso.org/iso/home/standards/country_codes.htm
https://unstats.un.org/unsd/methodology/m49/
https://gadm.org/
https://github.com/IamKDO/GADMTools
https://ropengov.github.io/giscoR/
https://cran.r-project.org/web/packages/countrycode/index.html
https://github.com/eurostat
https://cran.r-project.org/web/packages/eurostat/index.html
https://cran.r-project.org/web/packages/eurostat/index.html
https://www.discreteglobalgrids.org/software/
https://h3geo.org/
https://docs.ogc.org/as/20-040r3/20-040r3.html
https://docs.ogc.org/as/20-040r3/20-040r3.html
https://inspire.ec.europa.eu/id/document/tg/gg
https://inspire.ec.europa.eu/id/document/tg/gg
https://github.com/eurostat/eurostat-map.js
https://github.com/eurostat/eurostat-map.js
https://github.com/eurostat/Nuts2json
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(19) GitHub - eurostat/pygridmap: Geoprocessing tools (Python) for
efficient geometric mapping and set operations over geospatial grids

(20) GitHub - eurostat/SAE citystat: Simulation in R for Small Area Estimation (SAE) using the
AMELIA dataset

(21) GitHub - google/open-location-code: Open Location Code is a library to generate short

codes, called "plus codes", that can be used as digital addresses where street addresses don't
exist.

(22) Colorbrewer: https://colorbrewer2.org/

(23) GitHub - eurostat/gridviz: visualization tools for gridded statistics
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