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Publishing open data in
geographical information
systems (GIS)
INTRODUCTION
In a world of constant changes, increasing information streams and a world closing in on everyone,
maps are more and more important for showing
information and giving statistics geographical
context.
For local government, the distribution of funds,
investment, services and more has always been an
issue for political discussions. Who is getting what?
On what evidence is wealth distributed? Is there really a set of objective elements that give politicians
and administrations the fundamentals for correct
decisions?
The answers to these questions are not yes or no,
but a set of more or less objective criteria that were
the best available at the time of decision making.
As increasing volumes of data are opening up,
administrations and companies are collecting information for improved quality in decisions. Private
and other public bodies can access data to check
facts and basics.
Several of the partners in Opening Up are working
on how best to use this information in internal planning and proposals, but also trying to distribute the
information as indicators, at varying levels of local
geographical areas for evaluation.
For example, in Kristiansand, there have been four
groups working on providing indicators in four different strategic areas using consistent data streams.
The chosen datasets are considered important for
the local area’s further development and realise
long term goals to:
• increase public health and quality of life for the
inhabitants,
• improve conditions for companies in the area, and
others considering setting up in the region,
• look at the development of environmental issues
to get a long term positive development in the
region and

• improve the understanding of administrative
organisation to ensure quality of services to the
inhabitants, as well as a sound economy.
A lot of these goals can be presented in maps using
geo-tagging. Some make use of general information gathered nationally at a municipal level, whilst
others use data collected locally and presented as
such.
The work has been initiated at top management
level in the municipality and there are great expectations of the results, because it is seen as addressing the need for consistent data management for
long term development. A long standing problem
has been different data sets being used at different
decision points, causing a fear of taking decisions
based on incorrect data.
There has historically also been a problem with
transparency and the public not believing the administration always publish the real data-sets used
for decision making. If these datasets were made
available to the public as open data, there could be
more involvement from the public, as well as better
quality preparation and information available for
political decision-making.
Both consistency and transparency are central in a
democracy and will be important in the long term
for keeping control of the politicians and administration. In addition, a GIS based information system
for giving the public access to open data through
maps will increase the experience of getting the
correct information, not only for an overview of
the municipality, but also concerning the services
and distribution of services in and between local
districts.
Some examples of the use of open data in geographical information systems in partner countries
and municipalities are described in the rest of this
document.
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LEVELS AT WHICH ADDRESS DATA
IS OPEN AND THE IMPLICATIONS
FOR OPEN DATA
Address data is often produced (and openly available) on a personal level, but to comply with Data
Protection it is not recommended that personal
data is published by the municipality.
Historically, there have been unwanted repercussions from releasing personal address information. For example, about 30 years ago addresses
combined with name were linked with telephone
numbers. When the data was published by address,
single person households were identified on
addresses in assumed well-off districts and were
contacted by criminals using the supplied phone
numbers. There were some incidents of burglary,
and as a result, after 2-3 years of publishing, there
was agreement from the involved organisations not
to publish the data at a personal level and to only
identify a building and not the people living there.
So these days even if the personal address data is
freely available, it is not normally published at this
level.
In Denmark, all addresses are published including
their co-ordinates in order to validate the address.
This ensures anyone using the address data can
only send letters to known and validated addresses.

There are a range of services/software packages
available to validate addresses. One commonly
used is the AWS (Address Web Services) suite. This is
a generic term for a range of services that provide IT
systems access to addresses in Denmark. The purpose of the AWS suite is to provide administrations,
businesses and citizens with a validated database of
addresses for use in their IT systems.
The source of the authoritative addresses is the
Building and Housing Register (BBR) which is
updated by the municipalities and serves as a data
register of addresses throughout Denmark.
The AWS suite currently consists of the following
services:
• AWS Web API provides a service-based access to
the address data
• AWS Download allows the download of all the
address details (INSPIRE and CSV)
• AWS Card Services provides an opportunity to
show addresses on a map (WMS and WFS)
• AWS Smart Address is a component used in web
applications to allow address selection/entry
The AWS service is maintained by the Ministry of
Housing, Urban and Rural and made available to
the specific standards laid down in the EU INSPIRE
Directive.
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USEFUL SUB-DIVISIONS OF GEOGRAPHY
For information, addition of information, privacy
reasons and convenience, Kristiansand has developed a hierarchy of geographical data to handle
data consistently over time. This builds on the same
basic structure as the national Norway Statistics but
we have introduced two additional levels, mainly for
privacy reasons.
Adresse
“Address”. The lowest level of information, used
throughout government, identifies a house and
all inhabitants.
Grunnkrets
An area similar to postcodes areas used in the UK,
but there is no congruence between these two in
Norway
Levekårsone
“Living conditons zone”, a level introduced by the
municipality to be able to compare smaller geographical areas, without violating privacy issues
that may occur in the “Grunnkrets” level.

Bydel
“City-area”. Also introduced by the municipality,
to publish data that can be published on a lower
level than municipality, and which has an impact
on larger areas than “Living condition zones” (Ffor
example, environmental data).
Kommune
“Municipality”. Data only available and published
at this level. In accordance with all government
levels.
Fylke
“Region”. In accordance with all government
levels.
This is the structure that will be built on in Kristiansand, and the levels of publishing data.
The approach in Denmark is very similar to that of
Kristiansand. In Denmark, “Living conditions zones”
are residential areas with the same type of housing.
For many statistical purposes, a standardised 100m
and 1km grid has been defined covering larger
areas. The grids are used to display themes (data
types) which have to be anonymised.
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COMPARING DIVERSE DATASETS
ON MAPS
Before publishing data on a map, there are certain
prerequisites that need to be considered:
1. Open data is collected and stored as databases,
and the attributes of each dataset determines
whether it is publishable on a map.
2. Geographical identities must be part of the
attributes. An identity can be an address, a streetname, an area, a postcode or co-ordinates.
3. Rules of presentation will decide what data
properties can be shown and how the data is
presented.
a. Table representation
b. Graphs
c. Indicators

• Urban district		
Local Kristiansand defined level
• Borough		
Local Kristiansand defined level
• Basic statistical unit/ward
Lowest official level for data
• Address/ Building point/
No public data is published in this detail
As can be seen, Kristiansand has added two levels
locally, something that is done to be able to handle
data that is unpublishable at basic statistical unit
level for privacy reasons. The same goes for the
Urban district level.
All data can be aggregated from address to basic
statistical unit to borough, and so on.

If there are no geographical attributes, the data,
graphs or Indicators can still be presented, but then
need manually tagging to GIS/coordinates, which is
a big job and will have to be maintained within the
application.

When all these demands are met, it is possible
to publish aggregated GIS data in maps, but this
require a digital layer in the digital GIS structure that
is able to handle the information and can be flexible
in the published formats.

Kristiansand’s experience in gathering data and
checking the content of tables is that less than 30%
of collected data contains geo-data, in some cases
the proportion is much lower.

At the moment, Kristiansand operates a solution
that is 75% operational. They are searching for a
100% solution which can handle all data, do all
algorithms and compile the final presentation of
the data. However, to date, one has not been found.
Currently, they run a combination of database
mathematics, GIS and presentation-portal. It works,
but a way of doing this with less work would be
preferable.

Whether the data is locally produced/stored or from
external sources appears to have little influence on
the presence of GIS attributes. It may be possible to
add/extend the data collected to include geographical information (expand the number of fields of
original data sets), but there is always a cost implication of making these changes and keeping them
up to date. The end use of the data and whether
GIS information is important for that purpose must
always be taken into consideration.
The Norwegian standard for publishing statistics is
given by Statistics Norway and is structured like this:
Norway
• County			
Region
• Urban agglomeration
Work and residential areas
• Municipality		
Municipal level

Why focus on maps if it is so difficult to make them
work? The answer is simple: maps make a huge difference in visualising facts, looking at combinations
of data and viewing indicators of progress.
When looking at issues such as distribution of
wealth, health, environmental issues, investments,
service-levels and much more, maps are the primary
interface. The better we can get the illustration of
these matters, the better the debate and discussions will be. Facts based on statistics have added
value when GIS presentation is used which is why
it is preferred to present as much as possible in a
map-based format.
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IMAGES OF GRAPHICAL OUTPUTS
The following images show some examples of the presentation of geographical open data.
Figure 1 is showing the average
distance to a bus stop from areas
within the Kristiansand municipal area in Norway. Each area is
colour coded to denote the average distance (a defined range
rather than a precise value) to
the nearest bus stop from each
household within the area. Colours range from green (shortest
distance) through amber to red
(furthest distance)

Figure 1 - Local areas distance to main bus-lines
In figure 2, the same data as
figure 1, but now the bus lines
are drawn on the map and local
areas are presented, with the
diameter of each location pie
chart showing the number of
citizens and the pie chart colours
showing the relative numbers of
people for each range of distances to bus-lines.

Figure 2 - Local areas population size /distance to main bus-lines
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In figure 3 and figure 4, you can see examples of locally defined geographies for two local councils in
England. In both cases, the geographies are ones understood and typically used by the local community to
identify the areas in which they live.
Each community area (or natural neighbourhood) is based on an existing administrative geography for which
open boundary data already exists. The data defining the administrative units for each community is also
published as open data – so with the linked data sets, any developer is able to draw maps based on the locally defined communities rather than administrative geography.
The ‘community networks’ in Cornwall are based on administrative wards – one community is made up of several wards, whereas the ‘villages’ of Richmond upon Thames are made up of Output Areas - the lowest level
of administrative geography in England.

Figure 3 – Cornwall community networks

Figure 4 – Richmond upon Thames villages
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Figure 5 shows use of the open geographical data defining the community networks in Cornwall to draw a
map showing educational achievement (in terms of GCSE grades) by pupils in schools in each community
network. The blue areas are those with the most pupils achieving at least 5 GCSE qualifications.

Figure 5 – Cornwall educational achievement
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THE DATA FLOW PROCESS
Looking at the data flow model for publishing GIS data in Kristiansand, Figure 1 below shows the conceptual
data model from collection through to presentation in maps and charts. The conceptual model was drawn
up in advance of any development.
As shown, the data processing may take place using different paths. Data sets can be collected from both
internal and external sources. These are shown in the diagram in the squares on the left.
In some cases, the data sources may consist of raw data which can be fed directly into the data-warehouse
whilst in others, or the data may have to be transformed into a usable form before it can be added to the
data-warehouse or central GIS database.
This is illustrated by the “Edited/calculated data” area in the diagram. The transformation can mean adding
or aggregating data, regrouping or categorising data in different ways, assigning GIS coordinates or other
reworks. Once any required transformation is complete the data can be fed into the data-warehouse.
Once the data is in, the next step is to feed the data to the Web portal either as is or having been transformed
to indicators using standardised algorithms.
All the data is presented in the statistics portal which forms part of the municipal web-pages, either as data
or as indicators.

Figure 1 – the conceptual model
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Figure 2 shows the actual data flow process.

Figure 2 – Kristiansand data flow
In the “Real world” model rather than the “Conceptual model”, the data flow goes through the following
stages:
1. Input - shows the various sources from which geographic data and the data needed to transform it into
a useable standard format is obtained.
2. Prepared/transformed - In the conceptual model, there is steps in transformation and storing the data.
In the final model, this may range from no transformation to several steps in changing the data structure, population, conversion and more. When the complete model is up and running, this transformation will be done “on the fly”.
3. Prepared/transformed - the storage of the transformed data in the data-warehouse.
4. Geographic services - adding GIS coordinates such that all data consists of an address, or an area-location that will enable presentation in maps.
5. Web-presentation in the Kristiansand map portal and potentially other portals and applications.
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APPLYING FME AND ARCGIS
The municipality of Kristiansand has different
datasets with a geographical component, stored in
different formats. With the use of the programs FME
and ArcGis, these layers can be combined in order
to be able to perform calculations between the
datasets. This involves both calculations using distance and buffer analysis, but also aggregating the
dataset to a higher hierarchy level. The end result is
the presentation of the data using a GIS.

PUBLISHING DATA SO PEOPLE CAN
CREATE MAPS
Most public sector data published is associated with
a geographical location or area, from an address,
building, street or town through to administrative
geographies such as a municipality, county or
region.
For example, population statistics can be derived
from data associated with an address or household,
which can be aggregated to show on a map at higher levels of geography. Data on the performance of
a municipality, such as how well they recycle, can
be shown on a map which compares one municipality with another and so on. All that is required is
something in the data which identifies the area or
location to which the data belongs.
In the case of administrative areas, these are typically identified by a standard code, which is published
by central government and can be freely used by
anyone in the public sector - these days, usually by
businesses as well. In four or five star open data,
you would expect these areas to have a URI which
can be used to identify them.
Associated with each administrative area code will
be some form of data which defines the boundary. Boundaries can be defined in many common
formats, such as KML, an XML format which uses latitude and longitude to define boundary shapes or
shapefiles which provide the boundaries in vector
format, as well as possibly other proprietary formats

As an example, the department responsible for
playground facilities for children is interested to
know if these facilities are well placed in accordance
to where the children live. Using FME and ArcGIS,
neighbourhoods can be identified with a good or a
bad coverage of these types of facilities. This can be
used to determine where the focus should lie in the
development of new playground facilities.

which are in common use.
Data linked to a specific location rather than an area
can be harder, as often the data which identifies
the location is not freely available - for example, the
UPRN which uniquely identifies a property in the
UK. However there are usually unrestricted equivalents which may not be as easily available, but serve
the same purpose.
In the UK, we have found many administrative and
statistical geographies bear little relevance in the
real world to how people refer to their local area
and would like to see data on maps. The names of
town centres, high streets and other enclaves ring
truer for most people; these longstanding, quotidian names carry so much more of the culture of a
place and exist more organically than bureaucratic
definitions.
The Natural Neighbourhoods
application was developed with
those real communities in mind.
It allows anyone to map custom
areas that better represent real
meaningful areas built from existing standard geographies (such as wards and statistical output areas).
Once published, these personal geographies are
shared as linked data, so everyone can benefit from
the same precise definitions of areas.
Cheshire East’s Local Area Partnerships provide a
good example of a set of natural neighbourhoods
given public definitions through the tool.
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TOOL TO DEFINE NEW NEIGHBOURHOODS
The tool allows anyone to define a ‘neighbourhood type’ which identifies all the geographical areas in one
comparison group. In the Cheshire East example above, the neighbourhood type is ‘Local area partnership’. At the time of defining a new neighbourhood type, it is also necessary to specify the level of statistical
geography used to define the area boundaries. Natural areas need to be defined as groups of small statistical
geography boundaries, because public data is typically provided for these statistical geographies. Without a
link between the natural and statistical geographies it would not be possible to report on the characteristics
and performance of the ‘natural neighbourhoods’.
Once a neighbourhood type has been defined, the areas which make up that neighbourhood type can be
created.

Neighbourhoods can be defined either graphically on a map (as shown on the left),
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by selecting a single or multiple statistical areas,

or, as a list of identifiers for component statistical geographies.

NEIGHBOURHOODS AS OPEN DATA
Once the definition of all areas in a neighbourhood type is complete, the natural neighbourhood definition is
published (on request of the owner) such that the data is available for open reference.
Every neighbourhood type and neighbourhood has a URI (uniform resource identifier) that resolves in a web
browser to a descriptive page. The URI is also machine readable as Linked Data. Neighbourhoods can be
downloaded in CSV and JSON format. Their shapes are made available in KML format for use within a variety
of mapping tools.
Neighbourhoods can define the spatial coverage of open datasets and be used in reporting tools, including
ones that feature maps. The example below shows a map of dependent children being added to a report on
Cheshire East local area partnerships.
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Natural Neighbourhoods are available on the LG Inform Plus website for the general public and local authorities alike. Public users can see how their local area is being redefined, share those definitions with others and
create their own. Local government officers can produce reports based on the natural neighbourhoods and
start to see their areas through fresh eyes.
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USING 3D DATA
The public authorities in Denmark register core information about individuals, real properties, buildings,
addresses and more. Most of this information, referred to as basic data, has been made freely available since
1 January 2013.
Basic data is the foundation enabling the authorities to carry out their tasks correctly. Public authorities
use basic data for many different tasks, such as collecting land tax, paying social benefits, planning climate
change adaptation, emergency services, etc.
By providing free basic data, the Danish authorities have allowed for the development of new applications
using the already existing data.
A project run by Utopian City Scape, in collaboration with Høje Taastrup Kommune, will create a proof of concept in using basic data to create an interactive 3D model where users can visually explore geo-referenced
data. The targeted area will be the municipality of Høje-Taastrup (HTK).
The interactive 3D model consists of two main buildings blocks:
• 3D Terrain Model
• 3D Building Model

Figure 1. A look at the auto-generated 3D model of the centre of Høje Taastrup.
The creation of the 3D Terrain Model is automated on the basis of the Danish Height Model (DHM) and FOT
orthophoto. An orthophoto is an aerial photograph which has been geometrically corrected (“orthorectified”) such that the scale is uniform and the photo has the same lack of distortion as a map.
The 3D Terrain model has been optimised via a simple edge collapsing algorithm. The DHM model provides
height points which have been used to generate geometry for the 3D Terrain Model. The FOT orthophoto
service provides aerial photos which have been mapped to the 3D geometry.
The 3D Building Model is auto-generated from the Common Public Geodata (FOT) and augmented with data
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from the Building and Dwelling Register (BBR). The 3D Building Model is a simple block model where the
building polygon from FOT is extruded to the terrain. The 3D Building Model contains information about the
address, year of construction, ownership, area footprint etc. for each building.

Figure 2 A building from the interactive 3D model is selected, and associated data from the BBR is fetched.
The interactive 3D model is available online at the 3D platform www.realsite.dk, and requires nothing more
than a browser.
There is also a video available for the project at: http://www.youtu.be/Xram7X4RT7I
USE OF THE 3D MODEL
The interactive 3D model of cityscapes can be utilised in many different ways. The strength of such a model
is in providing an intuitive and visually comprehensible way of presenting complex geographical data that
can be augmented from multiple external data sources.
City planning is one key area where interactive 3D models can be used to communicate projects, engage
citizens and act as a basis for optimised decision making.
The interactive city model provides a firm and unified representation of the building site, where different proposals can be embedded, visualised and viewed in their context. This way, it is easy to communicate plans to
different stakeholders, from citizens all the way to developers and decision makers.
The use of interactive 3D models is not just restricted to city planning. It can also serve as a foundation to
provide a common gateway to vital spatial information to citizens and companies in a district.
Høje Taastrup Municipality expressed, during the project, a need to have a common gateway to information
about the municipality for companies who might want to locate in the area. The interactive 3D model can
easily be enhanced to hold information about public transport routes, road networks, vacant office spaces,
local plans etc. This way it is easy to offer information to companies that are considering setting up an office
in a municipality.
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In the future, there is potential to use the interactive 3D model to look at other types of data. For
example:
• weather
• water – level of the water table, flood plains, flood
risk etc.
• traffic
These, and possibly other, scenarios are all areas
where a 3D model will help in understanding current and potential situations.
CHALLENGES
One of the major challenges when using open
geographical data is issues with data consistency,
especially when looking at linked data.
In this project, for instance, some of the data from
FOT in Høje Taastrup did not contain building identifiers which linked to the BBR data, thus the system
was not able to deliver information from BBR for all
the buildings automatically.
Furthermore, the ultimate intention of the work in
this project was to develop a template which could
easily be extended to cover the whole of Denmark.
However, not all municipalities were able to deliver
FOT Data. For instance, the City of Copenhagen has
only recently joined the FOT work. Therefore it has

been difficult until now to auto-generate 3D Building Models of the City of Copenhagen. To date, the
City of Copenhagen has been working with an older
version of the FOT specification, which in practical
terms has meant that all the building polygons
have been missing a Z-height. Currently, the City of
Copenhagen is working on releasing updated data.
Another issue that needs to be addressed is how
current the presented data is. The Danish Height
Model and associated orthophotos, which deliver
the backbone of the 3D Terrain Model, are based
on scanned laser images and aerial photos which
are rarely updated. Of course, the terrain as such
does not change drastically over time, but locally
a new project site may not be updated in the 3D
Terrain Model. The same goes for the FOT, where
new buildings and construction sites may not be
immediately represented in the data.
Finally, there are challenges with the realism of the
auto-generated 3D Model. Currently, the 3D Building model is based on simple building blocks based
on the roof polygon. This could be improved by
generating more advanced algorithms that are able
to analyze roof-top shapes, based on the Danish
Surface Model, but this topic has been beyond the
scope of this project.

