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ABSTRACT: In this paper the potential of georeferenced address data for connecting
real-world geometries and abstract thematic information is presented. Cartographic
visualization of postal delivery information gives a first impression of urban spatial
patterns. Address information is spatially linked to a building layer and intersections
with generalized zoning plans are carried out. Functional urban patterns can be observed
on a large scale, but local land use variations cannot be considered that way. In order to
reach a higher level of detail in terms of functional relations, tabular company data are
integrated whereas the postal address information forms the essential link to the
building level. Several analyses are carried out, e.g. comparing the calculated average
number of employees in different zoning classes. Furthermore different housing types
are classified by looking at the spatial distribution of postal delivery points in relation to
the building layer.
1 INTRODUCTION

Handling complex urban information in a spatial context is not a trivial task
(Steinnocher & Köstl 2007). Real-world spatial data comprise physical objects and
phenomena on the surface of the earth including buildings, infrastructure and
vegetation. This general land cover information is mostly acquired through remote
sensing analyses or terrestrial surveying and stored in spatial databases. Abstract
thematic information such as population data or generally socioeconomic data originate
from statistical sources like census and often provide an extremely rich information
content on a high level of detail referring to individual actors like human beings or
companies (Aubrecht & Steinnocher 2008). Bringing these diverse information sources
to fit together and be connected is required in order to reveal functional relations (Chen
2002) and carry out analyses that go beyond the mere spatial framework and physical
parameters.
Integration of point-based postal data enables the transition of land cover detection to
land use identification and leads to a characterization of population-related urban
building patterns (Mesev 2005). Additional socioeconomic information such as zoning
data and company data enable deriving functional patterns on a local scale (Kressler &
Steinnocher 2008). Spatial linking with the georeferenced address information reveals
complex urban structures and even facilitates moving to the highest level of detail, i.e.
referring to individual employees.

In particular the fields of urban planning and environmental management as well as
security and risk reduction will benefit from the growing pool of available spatial and
space-related information accompanied by new spatial modeling and visualization
techniques (Aubrecht et al. 2008).
2 GEOREFERENCED ADDRESS DATA

The cooperation between the Austrian Post AG and Tele Atlas Austria enabled an areawide collection of precise geo-coordinates for the existing postal address information in
the years 2003 and 2004 for all of Austria. These geocoded addresses of all postalserved buildings were mapped as individual point objects. Each object is linked to the
official address, typically consisting of street name and number, in certain cases
including building descriptions. Starting 2005 this data set was distributed, labeled
ACGeo. At the beginning of the year 2008 the product was relaunched and is now
available as Data.Geo1.
The database comprises about 2 million addresses in Austria using a standardized
naming convention. The reference system is the Austrian Lambert conformal conic
projection. The extended product also includes information on the number of delivery
points per address and the type of delivery point (private household, company,
secondary residence).
Sales and distribution is carried out centrally by Tele Atlas Austria and an experienced
partner distribution network. Applications using that kind of georeferenced address
point information can be found in the fields of emergency management, geomarketing,
logistics and transport, telecommunication, insurances and real estate management,
tourism, security, navigation, as well as location based services and (Internet-)
cartography.
2.1 Data collection

The primary data collection was based on aerial imagery and the Tele Atlas street
network. Guided by IT-experts, the postal delivery staff virtually tracked their daily
route of delivery on screen and carried out a precise positioning of the individual
addresses. That way the local know how of the individual postal deliverers – who are
responsible for about 300 addresses each – could be brought together most efficiently,
whereas a constant high quality was assured by using a central GIS management (see
screenshots in Figure 1).
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Figure 1. Digital data collection system.

2.2 Product revision

The first feedback on the concrete use of the data in 2005 revealed strengths and
weaknesses, such as positional inaccuracies in urban areas. This lead to a
comprehensive revision of the data set in 2007 also associated with a partial
restructuring of the address database of the Austrian Post AG. For geographic
localization up-to-date and high-quality aerial imagery was used and quality
management measurements were further enhanced. That way quality and reliability of
the data set increased considerably (compare table 1).
Table
1. Quality increase of Data.Geo from 2005 until 2008.
____________________________________________________________________
Statistics
Beginning of 2005
Beginning of 2008
____________________________________________________________________
Coverage*
95.0 %
99.9 %
Building-accurate
72.0 %
96.0 %
Parcel-accurate
20.0 %
3.5 %
Preliminary
localization
8.0
%
0.5 %
____________________________________________________________________
* Austria-wide

2.3 Continuous data updating

The Austrian Post AG handles up to 10 million correspondences a day. More than a
billion letters and postcards, 2.5 billion info-mails and more than 800 daily and weekly
journals are delivered in the course of one year. For a rational work routine and efficient
use of means as well as for route optimization an up-to-date address database is
indispensable. A systematic maintenance is carried out under consideration of diverse
information sources, such as (1) the experience of the deliverers, (2) relocation notices,
and (3) municipal council resolutions.
The continuous updating of the Data.Geo data set is performed by personnel of the
Austrian Post AG, whereas their local know how is the fundamental factor. The

Austrian federal territory is divided in approximately 430 delivery base areas. New
addresses are checked and registered locally day-to-day and the new address records are
then archived in the company-wide Postal Address Base Database (PABD).
3 REVEALING SPATIAL PATTERNS THROUGH POINT VISUALIZATION

Cartographic visualization of geo-located postal address point data based on attached
thematic attributes (compare chapter 2) gives a first insight in the overall structure of a
settlement area. Comparing urban and rural regions, typical spatial patterns are revealed
using standardized cartographic methods and design variables (Bertin 1983) such as
point-size-coding (e.g. number of delivery points per address) and point-color-coding
(e.g. discrimination of private and business addresses).
Figure 2 shows a rather dense urban area (Dornbirn, Vorarlberg) on the left opposed to a
loosely settled rural touristic area (Montafon region, Vorarlberg) on the right. The city
center of Dornbirn is characterized by an accumulation of private address points with
more than ten delivery points. This indication suggests that the main building structure
in this area primarily comprises residential apartment blocks with several floors.
Looking just at the spatial distribution of the business address points the main business
axis can easily be identified (compare Figure 2, detail “Business”).
Individual – somehow “exposed” – business address points with a large number of
delivery points located in the suburban area (like the one marked with a circle in the left
part of Figure 2) are clear indicators for typical large commercial centers and/or
shopping centers. Another noticeable feature is the clustering of private “address-multipoints” (address points with a larger number of delivery points) at several locations
along the railroad, as well as typical residential areas with single address delivery points
indicating detached and semi-detached houses.
A more detailed analysis – e.g. regarding different housing types – is not possible at this
stage just considering the point-based address data, but will be discussed in the
following sections on integration of ancillary information.

Figure 2. Postal address data revealing urban spatial patterns.

The right part of Figure 2 shows hardly any address points featuring more than ten
delivery points. In contrast to the urban area of Dornbirn that is an indicator for the
typical settlement structure of mountainous touristic regions, mostly comprising lots of
tourist apartment houses and guesthouses as well as small hotels and more-than-average

secondary residences. The latter is confirmed by the thematic information included in
the postal address point data set.
4 LINKING INFORMATION FOR DATA REVALUATION

The integration of ancillary information implies a considerable added value to the postal
address point data. To get a better overall impression of urban structures – e.g.
derivation of housing types – it is indispensable to move to a building level and
combine the punctual address information with the real-world boundaries of urban
development. Using a building data set derived through image interpretation the
essential link between real-world geometric features and abstract thematic information
can be established.
Through intersection with zoning information a first assessment of potential urban land
use patterns can be derived. While industrial and commercial areas definitely exclude
residential use, economic activities can also take place in residential areas. Mixed use
areas are intended to combine residential and commercial use anyway. The introduction
of zoning plans gives an indication of the dominant use of buildings and address point
clusters, which can also be cross-checked with the information on the type of delivery
point implicit in the address point data set. However, local variations of urban land use
patterns cannot be taken into account that way.
The geo-located address points offer the spatial framework for integrating all kinds of
address-based information not featuring an explicit spatial reference. In order to assess
local land use variations tabular company data is linked to the address points leading to
a highly detailed indication of functional patterns.
4.1 Integration of real-world information for building a spatial framework

A building layer derived through semi-automatic object-oriented interpretation of aerial
imagery (acquisition: 2001) is available, forming the real-world spatial framework for
working with diverse data sets in an Urban Data Management System. Straightforward
automated spatial joining of building objects and address points in the Dornbirn test site
results in a 95 % success rate, i.e. 8584 out of 8987 address points are located within the
boundaries of a building polygon.
The point location of the postal addresses per definition depicts either the center or the
entrance of the building. A small shift can result in address points being located just
next to its corresponding building and therefore not being automatically linked. 206
address points are located within a five meter buffer to the next building. Including
these points raises the success rate to around 97.5 %. These values are pretty much
consistent with the data accuracy specifications shown in table 1 (building-accuracy:
96 %, parcel-accuray: 3.5 %).
The explanation for the remaining 2.5 % of the address points which cannot be related
to a building is mostly found in the different recording dates of the data sets – e.g.
buildings were built after the image data collection, i.e. the address point already exists
in the database, but the corresponding building object is missing in the building layer.
Analyzing the linking process the other way round, out of 8586 building objects 1451
(approx. 17 %) cannot be assigned a postal address. Either this can be related to errors
in the point data set, or the explanation has to be found in the structure of the building

layer. Looking at a publicly available online city map2 it appears that most of these
“anonymous” building objects seem to be garages or adjoining buildings. Another factor
is e.g. factory premises including several building objects all related to one single
address.
All address points finally linked to the building layer are clearly related to one single
building. However, as one building might contain more than one postal address (e.g.
apartment buildings with more than one entrance, row houses) more than one point
might be related to a building. In addition, one address point can include more than one
delivery point. Furthermore private and business delivery points are distinguished.
Considering all these information it is possible to derive sort of a housing type
classification. Looking at buildings with address points just including “private” delivery
points (6083 buildings) results in the distribution displayed in table 2. Additional
structural information such as building height as derived from Airborne Laser Scanning
(ALS) can serve as an important asset to this kind of classification system. Height
information enables the calculation of building volume what in contrast to using
building footprints represents an additional important factor for housing type
classification.
Table
2. Classification of housing types.
_____________________________________________________________________________________________
Number
of buildings* Number of delivery points per building Housing type
_____________________________________________________________________________________________
3877
1
Single family detached house
1117
2
Semi-detached house
400
3-4
Multi-family house
638
5-20
Row house
45
21-40
Apartment building block
2
42
with several
1
44
separated
1
52
sections
1
68
and
1
70
entrances
_____________________________________________________________________________________________
* Total number of buildings just including “private” delivery points: 6083

4.2 Using zoning information to identify potential urban land use patterns

Zoning plans as defined by the Austrian Land Use Planning Law regulate the process of
organizing the use of lands and their resources to best meet people’s needs over time,
according to the land’s capabilities. Its objectives include protection of natural as well
as anthropogenic environments, risk reduction in terms of natural hazards, improvement
of spatial conditions for economic activities including mining, agriculture and forestry,
provision of a reliable infrastructure, economic use of land and landscape protection.
Zoning plans are provided on a municipality level and have to agree with the local
development concept including basic statements on building land, traffic aspects and
agricultural and natural areas. Building land, transport areas and green areas are
differentiated, whereas areas dedicated to building use have to be appropriate for the
construction of buildings in terms of infrastructure and natural conditions, excluding
areas of natural risk. Areas dedicated to transport should serve the needs of traffic
including associated land. All other areas are to be defined as green areas. For
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application in the presented work the numerous predefined categories were generalized
to the following classes:
•
•
•
•
•
•

Core urban area
Residential area
Mixed use
Industrial and commercial area
Agricultural area
Open space

Linking of the generalized zoning information with the addresses which are clearly
related to a building gives insight in the functional structure of the urban area (table 3).
68 % of all relevant address points in the Dornbirn test site are located in residential
areas, 25.5 % in areas of mixed use, and 3.5 % in core urban areas. While the private
delivery points are distributed as expected with the majority being located in residential
areas, core urban areas and areas of mixed use (approx. 98.3 %), the business delivery
points show special characteristics: Only 14 % of these points are located in a
predefined industrial or commercial area, 45 % are related to areas of mixed use, and
more than 12 % lie in residential areas.
Table
3. Distribution of address points when linked with generalized zoning information.
__________________________________________________________________________________________________________
Land
use designation
Address points*
Private delivery points** Business delivery points°
__________________________________________________________________________________________________________
Residential area
5789
67.7 %
11,396
62.1 %
254
12.4 %
Core urban area
300
3.5 %
1083
5.9 %
555
27.0 %
Mixed use
2184
25.5 %
5557
30.3 %
925
45.0 %
Industrial / commercial area 121
1.4 %
102
0.6 %
287
14.0 %
Agricultural area
88
1.0 %
106
0.6 %
15
0.7 %
Open
space
/
miscellaneous
66
0.8
%
95
0.5
%
20
1.0 %
__________________________________________________________________________________________________________
*
**
°

Total number of address points clearly linked to a building: 8548
Total number of related private delivery points: 18,339
Total number of related business delivery points: 2056

4.3 Integration of ancillary thematic information for highly detailed functional

classification
As mentioned before, local land use variations cannot be assessed just considering
zoning information. In order to progress from describing potential land use patterns to
identifying actual building use, tabular company data based on Herold Yellow Pages is
linked to the spatial framework consisting of building polygons with attached address
information. That way it is possible to derive real-world functional relations and
substantially revalue the information content of the Urban Data Management System.
The company data product includes basic information (name, address, economic sector
etc.) on about 360,000 companies in Austria and is updated twice a year. The database
is not exhaustive but in fact limited to those companies willing to pay for their entry.
Information on missing companies is therefore required and can mostly be found on
local and regional web pages.
Linking company information to address points and building polygons respectively is
not a straightforward process. In the first step 72.6 % (1688 out of 2324) of all available
company entries could be directly linked to 1004 addresses. This can be compared to

the information inherent in the postal address data set, where 2056 delivery points
related to 1119 address points are defined as business points. By slightly adapting the
company data base the linking success rate is raised to 93.8 % (2181 out of 2324
company entries can be linked to 1203 addresses). Company data corrections basically
consist of address adaptations in terms of notation, address appendices and multidenotations. With eight street name corrections e.g. 247 more addresses could be linked.
The majority of the remaining 6 % of the Herold company data records refer to
addresses outside of the study area.
The fact that the number of Herold company entries in some points exceeds the number
of business delivery points is easily explained. As an example serves one company
which apparently consists of three somehow separate organizations of corporations. All
of them appear in the company database, but feature the same address and therefore just
one single delivery point.
Linking company data and geometric framework allows precisely locating those
buildings in which economic activities take place and identifying buildings which are in
residential use only. Furthermore, the integration of company data is not limited to the
indication of buildings with economic activities, but also provides information on the
type of activity. Information on the primary branch of business enables a refined
functional identification of urban patterns.
To get an idea of the distribution of urban functions within certain zoning classes a
comparison with the geo-located company records was carried out. In the residential
zone 398 company entries were found referring to a number of 923 employees
(information inherent in the Herold database). This would correspond to an average
number of 2.3 employees per company. However, if the five entries with the largest
number of employees are excluded the average drops to 1 employee per company. That
in turn would be in accord with the basic idea of just one-man businesses being located
in predominantly residential areas.
As expected, the industrial and commercial zone shows a different picture. 306
company records feature a total number of 5217 employees (average: 17 employees per
company). Excluding the four biggest employers the average number of employees still
remains rather high at 8.3. Table 4 shows an extensive picture including the values for
the areas of mixed use and core urban areas. The biggest employer is the municipality
assigning 1200 employees to one company record in the core urban zone. In the area of
mixed use one hospital employs 520 persons, while in the residential zone 350 people
work for a cleaning services company.
Table
4. Joint spatial analysis of company data and zoning information.
__________________________________________________________________________________________________________
Zone
Company entries Employees Average number of employees per company
__________________________________________________________________________________________________________
Residential area
398
923
2.3
Mixed use
881
3333
3.8
Core urban area
569
2702
4.7
Industrial/commercial
area 306
5217
17.0
__________________________________________________________________________________________________________
Residential area
393*
411
1.0
Mixed use
875*
2347
2.7
Core urban area
568*
1502
2.6
Industrial/commercial
area
302*
2499
8.3
__________________________________________________________________________________________________________
* Exclusion of the biggest employers to get a better approximation of the average number of employees

5 CONCLUSION AND OUTLOOK

In this paper we presented an approach to link georeferenced postal address data as
provided by the Austrian Post AG with real-world geometries and ancillary thematic
information. A building layer derived through object-oriented analysis of aerial imagery
was used as spatial framework, while generalized zoning plans and tabular company
data were used to build up and further enhance the information content of the Urban
Data Management System.
Urban structures and functional patterns in high detail could be derived that way,
whereas the geo-coded address data forms the essential link between real-world
geometries and abstract thematic information. Zoning plans give a first impression of
the potential use of buildings, but local variations in urban land use patterns cannot be
considered that way. In order to be able to do so, company data was integrated leading
to a detailed functional classification of actual building use. Joint spatial analysis of
zoning data and company information attached to building polygons via the
georeferenced address data reveals interesting spatial urban characteristics and shows
the complex distribution of diverse branches of business over a settlement area.
In the future, height information as derived by Airborne Laser Scanning will help
creating a better assessment of different housing types as it also allows calculating the
average living space per person. Furthermore an interesting approach to follow is
performing an inter-comparison between the derived functional information described
above and the official residential and building statistics as well as the workplace count
provided by Statistics Austria and collected during the last census in 2001.
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