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a b s t r a c t

Small-scale data on dwellings and population density are required for precise geospatial urban mod-
elling. Further, knowledge of building usage is necessary to model socio-economic aspects such as the
distribution of dwellings and population. In an effort to limit costs and resourcing efforts, users and insti-
tutes in research and spatial planning are developing strategies to extract such information from existing
geographic base data. Currently, land-use information from official datasets merely distinguishes resi-
dential from non-residential building usage, but cannot identify areas of non-residential usage inside res-
idential buildings. Additional data sources are therefore needed to fill this gap. In this paper we propose
an approach to process semantic information from user-generated OpenStreetMap (OSM) data to specify
non-residential usage in residential buildings. This estimation is based on OSM attributes, so-called tags,
which are used to define the extent of non-residential usage. Our objective is to identify the potentials
and reveal the limitations of integrating semantic OSM data for the evaluation of building usage.
Official statistical data on dwellings and population is used to validate results. Thereby we prove the ben-
efit of integrating OpenStreetMap semantic data to refine the estimation of non-residential floor area in
the study area of the German City of Dresden, Saxony.

� 2015 Elsevier Ltd. All rights reserved.

1. Introduction

The fields of urban and regional planning as well as ecological
surveys and disaster management require detailed information
about the number and location of dwellings and their inhabitants
(see Ahola, Virrantaus, Krisp, & Hunter, 2007; Aubrecht,
Steinnocher, Hollaus, & Wagner, 2009; BBK, 2010). Usually this
data can be taken from census datasets or regional surveys. For
example, new population statistics for Germany were recently
released as part of the register-based census for the year 20111.
Demographic and socioeconomic data for European countries and
regions are provided by Eurostat. However, census data has a num-
ber of drawbacks, such as lengthy periods between data acquisition,
the aggregation on large spatial units and the fact that administra-
tive borders can change over time. In some countries census popula-
tion data can also be of poor spatial resolution (ward level, state
level) or non-existent (Alahmadi, Atkinson, & Martin, 2013).

For these reasons, methods have been developed to disaggre-
gate socio-economic information such as population and dwellings

from various data sources, whether digital topographic databases
or remote sensing imagery (Lo, 1995; Wu, Qiu, & Wang, 2005;
Wurm & Taubenböck, 2010). In this way it is possible to determine
population distribution with the help of detailed information at the
level of buildings. Although remotely sensed data can be used for
automatic building extraction and the identification of land use
classes (residential or non-residential building), this approach is
prone to errors (Wurm & Taubenböck, 2010). Current topographic
databases usually contain single building footprints and usage
information, in which distinctions are made between residential,
industrial/commercial and other uses for leisure, sports, etc.

However, data on building usage generally refers to an entire
building or a building block, and does not provide any information
on non-residential usage within residential buildings (ground-floor
shops, offices, etc.). According to Meinel, Hecht, and Herold (2009),
this lack of data on non-residential usage affects population map-
ping and the analysis of settlements structure, leading to over- or
underestimations of the number of dwelling units or residents,
especially in the city centre.

Other data sources may remedy the deficit of small-scale infor-
mation on building use. Commercial registers or workplace statis-
tics are possible input data to estimate the floor area used for
non-residential purposes, often called non-residential floor space.
However, most of these sources are not readily available or are
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prohibitively expensive for a majority of potential users. One
promising alternative approach is to exploit Volunteered
Geographic Information (VGI) (Goodchild, 2007) such as from the
free and internationally available OpenStreetMap (OSM). As well
as extensive geometric data, OSM offers a variety of semantic infor-
mation, also describing the building stock.

In this research paper we intend to discuss the potential of
semantic OSM data to assist in the estimation of non-residential
floor area by identifying non-residential usage within residential
buildings. To this end we have developed an estimation model
based on official building polygons and OSM point, line and poly-
gon features. This non-residential floor space estimation model is
validated by comparing calculated data on dwellings and popula-
tion to a reference dataset.

2. State of the art

Models of the urban environment require precise data on land
use. There already exist several studies in geospatial science which
have, for example, undertaken micro-spatial analyses of the urban
structure as well as looking at principles of geometrical and
semantic data integration. In order to give an overview of this
research and subsequently to validate our results, previous works
on dwelling and population estimation are presented in the follow-
ing. In Section 2.3 we give a brief overview of the principles of VGI
data collection.

2.1. Micro-spatial analysis of the urban structure

Detailed information on the functional, morphological, and
socio-economic structure of the built environment is required for
urban modelling. Clearly the building stock is the most important
component as it directly affects urban structures such as urban
form, building density, or the distribution of dwellings and popula-
tion. Although some major cities provide 3D-city models, there is a
lack of fine-scale data at the level of individual buildings (e.g. infor-
mation on height, the number of floors, building type, building
functions), particularly for smaller towns and rural municipalities.
Homogeneous datasets are also needed to enable comparative
regional or national studies. Therefore, during the last few years,
various methods have been developed to classify and describe
urban structures based on small-scale settlement indicators.

One way to capture urban structure is to make use of remote
sensing data such as very high resolution (VHR) satellite imagery
(Bauer & Steinnocher, 2006; Dogruso & Aksoy, 2007; Geiß et al.,
2011; Herold, Liu, & Clarke, 2003; Walde, Hese, Berger, &
Schmullius, 2013) or aerial imagery (Banzhaf & Höfer, 2008).
More recently, laser-scanner data (LiDAR) has become increasingly
applied to urban modelling as it permits the construction of 3D
models of buildings (Wurm, Taubenböck, Roth, & Dech, 2009).
Meinel et al. (2009) and Hecht, Herold, Meinel, and Buchroithner
(2013) have described a method to derive urban structure types
from scanned topographic maps at scale 1:25 k. Today topographic
vector data provided by National Mapping and Cadastral Agencies
(NMCA) is widely used to determine urban structure. Yet while
these geo-topographic databases usually contain digital 2D build-
ing footprints, they often lack information on building types.
There have been several attempts to classify building footprints
automatically according to a building typology (Colaninno,
Cladera, & Pfeffer, 2011; Henn, Römer, Gröger, & Plümer, 2012;
Lüscher, Weibel, & Burghardt, 2009; Steiniger, Lange, Burghardt,
& Weibel, 2008). Address point data has also been used to enhance
the quality of building classification (Orford & Radcliffe, 2007;
Smith & Crooks, 2010).

2.2. Dwelling and population mapping at the level of individual
buildings

GIS applications such as disaster management, risk and vulner-
ability assessment, facility management, public health and plan-
ning require precise spatial analysis of dwelling units and
population at the scale of individual buildings. Due to concerns
over privacy, census data at the building level is not available for
public usage. Depending on the specific national policy, such data
is aggregated to administrative units (municipalities, district, fed-
eral states) or census tracts. In Germany, national statistics on pop-
ulation are available at municipal level only, whereas other
European countries such as Austria, Denmark, Estonia, Finland,
Ireland, Norway or Slovenia already provide population data in ras-
ter format with cell size as small as 100 or 125 m (Eurostat, 2012).
For many applications, aggregated data at administrative level
does not adequately represent the underlying population
distribution.

To resolve this problem, techniques of dasymetric mapping are
used to transform census population data into finer map units by
means of ancillary data (Mennis, 2003). The technique refers to
the process of disaggregation, discussed in detail by Eicher and
Brewer (2001) and Maantay, Maroko, and Herrmann (2007). The
simplest approach to disaggregation is the areal weighted transfor-
mation of population from a source unit to a target unit assuming
that the population is proportionate to area (Maantay et al., 2007).
However, since population is typically non-uniformly distributed
within a unit due to different urban densities, auxiliary data is
introduced to distinguish habited from uninhabited land, exclud-
ing the latter from the population mapping process. Data on land
use/land cover or remote sensing imagery has been employed as
such auxiliary sources of data. For example, Gallego, Batista,
Rocha, and Mubareka (2011) distribute the population to a
100 m density grid by means of CORINE Land Cover data.

Many micro-spatial analyses such as for local disaster manage-
ment and urban planning require reliable population data at the
level of urban block, plot or building. In the past, GIS expert sys-
tems have been developed to disaggregate census data using
cadastral data (Maantay et al., 2007) or digital topographic maps
(Meinel et al., 2009). These approaches rely on the fact that popu-
lation is closely linked to the characteristics of the built environ-
ment such as the function, size, and height of buildings. First
attempts to estimate the population of individual buildings have
been undertaken by Lwin and Murayama (2009), using residential
building footprints as the target unit for disaggregation. They
introduced an areametric and a volumetric method, employing
the building footprint area and the number of floors as input infor-
mation, respectively. Ural, Hussain, and Shan (2011) have modified
these areametric and volumetric models by implementing a
weighting scheme that differentiates between ‘‘houses’’ and
‘‘apartments’’. A more detailed analysis of building types has been
carried out by Meinel, Hecht, and Herold (2008) and Meinel et al.
(2009), in which building footprints are extracted from topo-
graphic maps; average dwelling and population densities for build-
ing footprints are empirically determined for eight different
residential building types using census data at block level.

The characterization of buildings in terms of their function, size,
and number of floors plays a key role in population mapping.
Previous studies have looked at the impact of non-residential
usage within residential buildings in distorting the mapping of
dwelling unit and population (Lwin & Murayama, 2009; Meinel
et al., 2009). In particular, populations are overestimated for build-
ings in the central districts of urban agglomerations and along
main shopping streets (Wurm & Taubenböck, 2010). In such areas
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