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Abstract 

The present deliverable reports the application of multi-source spatial data extraction and 
integration for the case studies of Vienna (Austria), Thessaloniki (Greece) and Messina 
(Italy). It describes the implementation of methods for extracting building and road 
infrastructures from remote sensing and integration with ancillary information, which are 
provided in deliverables D2.14 (Dell’Acqua et al., 2011) and D2.16 (Nolte et al., 2011). For 
each case study, data availability and technical specifications, applied methodologies and 
main results are provided. Outcomes of the case study applications are represented in the 
form of thematic maps along with statistics for accuracy assessment, where reference data 
were available for validation. Usefulness of the results is assessed with reference to their 
potential applications for vulnerability analysis. Recommendations and possible 
improvements are provided with respect to each application. 

Keywords: Remote Sensing, Optical Imagery, Radar Imagery, Census Data, Vulnerability 
Assessment, GIS modelling, Spatial Analysis  
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1 Introduction 

Following the technological advancements and widespread availability of data, remote 
sensing techniques are being increasingly utilised for exposure/vulnerability assessment of 
human settlements in natural hazards. Different types of satellite data can be used to extract 
information needed for seismic vulnerability/risk assessment. The deliverables D2.14 
(Dell’Acqua et al., 2011) and D2.16 (Nolte et al., 2011) provide a comprehensive overview of 
existing methods to extract urban information, i.e. geometrical parameters/attributes for the 
built environment, from satellite imagery and to infer socio-economic information by 
combining them with ancillary data. The present deliverable focuses on the applications of 
the methods to three case cities, i.e. Thessaloniki, Vienna and Messina. This work aims to 
identify built-up areas and extract geometrical/physical parameters and related information - 
such as building footprint, height and shape - from the available VHR optical and SAR 
satellite data. The multi-source data integration section describes the application of GIS 
techniques for analysing remote sensing outputs and integrating them with census data. 

The objective of the present deliverable is to test remote sensing approaches for extracting 
information needed for seismic vulnerability assessment, when no other local dataset (e.g. 
street surveys) is available, or for integrating partially available datasets obtained by different 
methods. The applied remote sensing techniques and the main findings, as well as the 
validation of the outputs by available reference data, are described in Chapters 2 and 3 
through case studies. The Vienna and Messina tests are conducted on a small area which 
includes few building blocks, while the tests on Thessaloniki cover a larger administrative 
area. The methodologies are mainly based on automatic and semiautomatic image 
processing which allow for the extraction of physical elements of the urban landscape. 
Automatically and semi-automatically derived information are considered less reliable than 
the information collected from ground surveys, therefore the extracted parameters should be 
statistically aggregated into appropriate blocks/census unit or grid cells in order to be used 
for vulnerability analysis. 

Chapter 4 deals with multi-source data integration in a GIS. Different data source can be 
integrated in a GIS when linked by spatially explicit relations. For the study area of 
Thessaloniki some urban data layers were integrated in order to obtain spatial indicators 
which can be exploited in vulnerability analysis. For the case study of Vienna a methodology 
for combining information derived from remote sensing and census data was applied, 
focusing on population data downscaling. 
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2 Extracting building parameters from Optical 

Remote Sensing data 

2.1 THE CASE STUDY OF THESSALONIKI 

Different information mining techniques were tested for the case study of Thessaloniki, 
focusing on the exploitation of Very High Resolution (VHR) Optical Remote Sensing. The 
tests were conducted for the extraction of building parameters in support of risk analysis. 

The study area covers about 16.5 km2 within the municipality. For this test a GeoEye-1 
image was acquired. The attributes and specifications of the imagery are presented in Table 
2.1. The ancillary data listed in Appendix A have also been used for processing.  

The following sections summarize the image pre-processing techniques used to prepare the 
imagery for processing, and the tests which were performed for extracting the following 
parameters: 

o building count; 

o built-up area; 

o building height. 

Table 2.1 GeoEye-1 image metadata 

Attribute Value 

Imagery Source GEOEYE-1 

Cloud Cover % 0 

Collection Date 29-Mar-10 

Spectral resolution 
Panchromatic (PAN) + 

4 Multi-Spectral (MS) bands (blue, green, red, near IR) 

Spatial Resolution (m) 
Pan 0.50 

MS  2.0 

Sensor Azimuth Angle 157.9069 

Sensor Elevation Angle 79.0005 

Scene size (kmq) 266 

Sun Azimuth Angle 151.0215 

Sun Elevation Angle 49.4717 
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2.2 IMAGERY PRE-PROCESSING 

First, the GeoEye image was geocoded in the local WGS84 UTM Zone 34N reference 
system through the following steps: 

o creation of a multiband raster dataset (layer stacking); 

o collection of 15 Ground Control Point (GCP) - chosen on the vector reference data 
(Urban dataset, described in Annex 1) - with a root mean square (RMS) higher than 
0.5 pixel; 

o ortho-rectification using a 25 m resolution Digital Elevation Model (SRTM). 

The final ortho-rectified image was used for the automatic and semi-automatic processing.  

The panchromatic band was used to enhance the spatial resolution of the multi-spectral 
bands using the Gran Smith pan-sharpening technique. A VHR multispectral image was thus 
obtained, this image was used for the true-colour visualization and for photo-interpretation. 
Fig. 2.1 shows the true colour band composition of the final ortho-rectified and pan-
sharpened image. 

 
Fig. 2.1 True colour ortho-rectified, pan-sharpened image of Thessaloniki city and its 

hinterland from GeoEye 
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2.3 BUILDING COUNT 

2.3.1 Methodology 

The existing building inventory dataset for Thessaloniki city (as described in Annex A.1) 
provides a footprint location map. This footprint map can be used to estimate the number of 
buildings within each block of the study area (central city district). However, in some cases 
this information is missing and/or there is a critical geometric mismatch between the mapped 
building footprints and the actual building position on the satellite image, especially over the 
hilly areas of the city. 

In order to have a complete estimation of the number of buildings per block, the existing 
dataset was integrated with the results of visual photo-interpretation of the pan-sharpened 
GeoEye image for 680 blocks. A point label was created per each building. 

If photo-interpretation is used to detect the number of buildings, the criteria for the 
identification of each single building need to be clearly defined. The criteria are generally 
based on the elements which can be distinguished from the satellite image, at the given 
observation scale. For this case study the following criteria were considered to define and 
distinguish each separate building: 

o visible difference in the roof colour; 

o visible difference in the roof shape; 

o visible distance from the next building;  

o visible difference in the building height. 

2.3.2 Results and discussion 

Fig. 2.2 shows the estimated building number per each block in the study area.  

The image available on Bing Maps 3D, was used to assess the accuracy of the building 
count performed using the GeoEye image. Bing Maps 3D is a web mapping service offered 
by Microsoft, it provides a bird’s eye view of the city of Thessaloniki from aerial photography. 
This image can be used for photo-interpretation. The building number estimated from the 
GeoEye image was comparable with that estimated from Bing Maps 3D for a sample of 40 
blocks with a 90% accuracy. The Bing Map 3D data were not used for direct digitalization of 
the building stock because of the significant geometric shift with the available reference 
dataset (Local urban dataset) which occurs in most of the study area. 

When performing a photo-interpretation of the building location or building footprints the 
definition of one single building may differ from the definition which is applied when the 
inventory is performed from the ground. In fact much more structural and functional elements 
can be distinguished from ground surveys of buildings. This limitation should be taken into 
account when using remote sensing data to derive the building stock for vulnerability 
assessment. 

The building count represents a critical parameter when performing vulnerability analysis, in 
fact it can be used to stratify the building typologies when the typology information is 
available as statistical aggregation at the level of administrative zone or building blocks. The 
photointerpretation of the building count from VHR remote sensing data represent a very 

http://en.wikipedia.org/wiki/Web_mapping
http://en.wikipedia.org/wiki/Microsoft
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valuable data source when no ground survey is available, or for integrating partially available 
datasets.  

 
Fig. 2.2 Building count map showing the estimated number of buildings in the study area of 

Thessaloniki  

2.4 BUILDING AREA EXTRACTION  

2.4.1 Methodology 

An automatic building area extraction was tested using the GeoEye image on Thessaloniki. 
The applied algorithm is based on the “Built-up area presence index” (described in D2.14 – 
Dell’Acqua et al., 2011).  

The built-up area presence index is a texture based algorithm. It is calculated over a window 
of 50 x 50 m. The index exploits the high textural contrast available on built-up area. It 
provides high values of digital numbers for highly contrasted urban areas and low values for 
homogeneous zones typical of non-built-up areas. This index shows the presence of 
buildings including surrounding physical elements such as roads, infrastructures, parking lots 
and remaining open spaces. The built-up index was generalized at 2x2 m pixel size.  

2.4.2 Results and discussion 

Fig. 2.3 shows the estimated built-up area. The final result was compared with the reference 
building footprint map. To assess the final accuracy a validation area covering 1692 blocks 
was selected. In the selected area the geometrical mismatch between the building footprints 
and actual building location on the satellite image is minor.  
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A confusion matrix was calculated to assess the built-up map accuracy (Table 2.2). The 
overall accuracy is of 70.3%. The map disagreement is mainly explained by the different 
scales at which the reference building footprint map and the automatically extracted built-up 
map were produced.  

Table 2.2 Building area confusion matrix parameters 

Overall Accuracy (%) 70.30 

Kappa Coefficient 0.34 

Confidence level (%) 95 

Class 

Accuracy (%) 

Producer User 

Non built-up 76.22 78.95 

Built-up 58.11 54.25 

Total 67.16 66.60 

 

 
Figure 2.3 Map showing the identified built-up areas in Thessaloniki  
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2.5 BUILDING HEIGHT EXTRACTION FROM SHADOWS 

2.5.1 Methodology 

An automatic building height extraction from the single scene GeoEye was tested. The 
applied algorithm exploits the length of the shadow casted by buildings, the satellite viewing 
angle and the sun elevation at the acquisition time. As explained in D2.14 (Dell’Acqua et al., 
2011), this method is suitable for imagery with specific values of the above listed parameters 
which depend from the acquisition condition. In order to get the most suitable sensor 
parameters an ad-hoc satellite acquisition is necessary. The non-standard collection request 
also needs a feasibility study from the vendor and ad-hoc quotations.  

The GeoEye image that was used for this test was acquired from a catalogue with standard 
acquisition parameters. The sensor parameters as listed in Table 2.1 are not ideally 
adequate to obtain precise building heights, therefore the building height extracted with this 
technique is an approximate measure. 

The building height values were extracted for each building centroid derived from the 
building stock map. 

The building height values were then classified on the basis of the storey numbers. For this 
purpose an average storey height of 4 meters for the ground floor, and of 3 meters for the 
upper floors, were considered. 

The values of the building storey numbers were finally generalized to a larger spatial unit in 
order to take into account the approximation level of this methodology and to allow the 
comparison with the reference data. The considered spatial unit is the building block as 
defined in the available building inventory. The total number of building blocks is 3206. 

2.5.2 Results and discussion 

Fig. 2.4 shows the estimated building height per each building footprint automatically 
extracted, in the area covered by the GeoEye image. 

Fig. 2.5 shows the final map of average building storeys aggregated at the building block 
level, for 3206 blocks in the central city district.  

The estimated values of average storey number per block were compared with the reference 
data available from the building inventory. The comparison was performed for the blocks 
with an area greater than 2500 m2 - 1692 blocks in total - corresponding to the resolution of 
the estimated height values. The correlation between the estimated storey number and the 
reference value was of 0.37 (Table 2.3).  

The low correlation is due to the sensor parameter limitation and it is also related to the 
building density. The best results, in fact, were found for isolated buildings, where casted 
shadows are fully visible. In the area of interest where the test was performed most of the 
surface is covered by very high building density. 

The most suitable remote sensing technique to derive building height is represented by very 
high resolution stereo imagery, which is now available also from satellite platforms. Those 
data often allow a precise detection of the building height, depending on the resolution of the 
input imagery, the imaging angles and the type of processing. For the SYNER-G case study 
no stereo imagery was available. 
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Table 2.3 Regression statistics on the estimated number of storeys 

Parameter value 

Observations (blocks) 1692 
Multiple R 0.6044 
R Square 0.3653 

RMSE 1.6717 
F 973 

p-value 4.4719E-169 

 

 
Fig. 2.4 Building height map showing the estimated building heights in Thessaloniki 
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Fig. 2.5 Map showing the estimated number of storeys in the study area of Thessaloniki 

2.6 BUILDING HEIGHT EXTRACTION: INFRA-BAND CORRELATION  

The method proposed by May and Latry (2009) for extracting building height from satellite 
imagery by utilising SPOT5 data was applied to the GeoEye imagery on Thessaloniki. This 
method takes advantages of the very small time difference between two acquisitions which 
makes the correlation process more efficient. It exploits the very small base to height ratio 
(B/H) which exists between the panchromatic band and the multispectral band to extract a 
digital elevation model. The base to height ration refers to the satellite imaging geometry, in 
this case it is the ratio between the baseline (i.e. the distance between the position of the 
panchromatic sensor at T1 - time one - and the position of the multispectral sensor at T2 – 
time two) and the altitude of the platform. The B/H parameter controls the sensitivity of a 
given stereoscopic system to surface topography (and objects elevation). 

In the GeoEye sensor there is a 0.23 seconds shift between the panchromatic (PAN) band 
acquisition and the multispectral band acquisition (XS, RED channel). In 0.23 seconds, the 
platform run for 1.6 km, this yields a B/H of 0.0025 considering an orbit of 660 km. A test on 
the Thessaloniki GeoEye dataset was run using the correlation implemented in the COSI-
CORR software (Leprince et al., 2007). 

2.6.1 Results and discussion 

The results (Fig. 2.6) show no tangible pixel offsets due to building height in the city. On the 
contrary, quite a few pixel offsets occur precisely along the motorway because of vehicle 
motions in between image acquisitions (tens of pixels). 
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The GeoEye effective pixel size is 2m, as the panchromatic band (0.45m pixel size) was 
resized to the multispectral band (2m pixel size). Therefore, the stereoscopic effect produced 
by a building of 30m height would induce a pixel offset of 30*0.0025= 0.075 metres (i.e. 0.04 
pixels). A precision of the correlation of 0.1 pixels (0.2m) was considered. Therefore the 
method proposed, along with GeoEye configuration, would be useful to extract elevation 
higher than 80m. Moreover the time difference ranges between 0.31 seconds and 0.22 
seconds depending on where the image crosses the scan arrays on the satellite. The 
precise time is a commercial undisclosed information which was not available. This 
increased the ambiguity in the determination of B/H ratio and the incertitude on the elevation 
extraction. 

In conclusion, the method could be useful to extract digital terrain models (bare ground 
surface) in mountainous area, but not for the building height extraction. It is recommended to 
use the conventional stereo-mode acquisition of GeoEye, or other high resolution sensors 
such Ikonos, Quickbird or the new French PLEIADES sensor, for the purpose of building 
height extraction. 
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Fig. 2.6 North (N) and South (S) pixel offsets (in meters) calculated by correlation of GeoEye 

PAN-XS images for Thessaloniki. The pixel offset is due to vehicles motion along the highway. 
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3 Extracting building and road infrastructure 

from SAR data 

The goal of this section is to apply a vulnerability analysis of the building stock for two 
different cities, Vienna and Messina, using optical and radar data. 

3.1 THE CASE STUDY OF VIENNA  

A COSMO/SkyMed image was available on the Vienna area of interest, the main features of 
the data used are presented in Table 3.1. 
Fig. 3.1 shows an optical image (from Google Earth) of the area covered by the radar data. 
A smaller portion of the city of Vienna shown by blue boundaries was used as for the case 
study. 
In Fig. 3.2 the two available images, optical and radar (COSMO/SkyMed), of the case study 
area are compared on the same study area. 
 

Table 3.1 Data Features 

Sensor 
Name 

Acquisition 
Date 

Acquisition 
Time 

Acquisition 
Mode 

Incidence 
Angle 

Orbit 

 
CSK-S1 

 
01-Apr-2008 

 
05:12 

Enhanced 
Spotlight 

 
49.13° 

 
Ascending 
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Fig. 3.1 Optical image of the area of interest in Vienna 

 

  

Fig. 3.2 Optical (left) and radar (right) data of the study area in Vienna 

3.1.1 Building parameters extraction 

Starting from these images, the building footprints were manually extracted, in order to 
assess the dimensions of the structures. A vector file was thus obtained (Fig. 3.3). 
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In order to estimate the number of storeys for each building different information were 
exploited, such as shadows (both optical and radar), strong reflectors and also street view 
pictures of the structures provided by free tools such as Google Street View and Bing Maps. 

 

 
Fig. 3.3 Shape file layer of the building stock in Vienna 

 

3.1.2 Building vulnerability assessment 

Vulnerability assessment of a building can be performed if the footprint dimensions and 
number of storeys are known. It is possible to feed a model, such as the SP-BELA (Borzi et 
al., 2008a; Borzi et al., 2008b), with these information, in order to conduct a vulnerability 
study of a single building and then vulnerability mapping for the entire building stock which is 
classified on the basis of pre-defined typologies. 

Given the number of storeys and dimensions in both primary directions, SP-BELA 
calculates, the probability that the building reaches out a certain damage state, e.g. slight, 
moderate, extensive and complete, for a given level of peak ground acceleration (PGA). 

Fig. 3.4 shows the results of a vulnerability analysis of a structure; on the left the building 
under study is mapped. It is a 4-storey building with footprint dimensions of 25 x 33 meters. 
On the right side fragility curves for four damage states are plotted. 

If these information, i.e. footprint dimensions and number of storeys, are available for all the 
buildings in a given inventory, it is possible to perform the same analysis on the entire 
building stock, obtaining a vulnerability map of the area of interest for given seismic hazard. 
An example of the possible results is shown in Fig. 3.5. 

This vulnerability map is an example of a possible output of a vulnerability analysis. It is 
possible to create different maps, changing the state limit of interest and with different PGA 
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values. Each building is classified according to the value of the structure fragility, 
represented on the map with a different colour. 

 

 

Fig. 3.4 An example of vulnerability study. The building under study marked by green 

rectangle (left) and its fragility curves (right) 

 
Fig. 3.5 Example of building vulnerability mapping: Vienna case. Each colour corresponds to 

different levels of estimated vulnerabilities. 

3.1.3 Roads extraction 

In order to extract some main roads of the study area a linear extractor i.e. the W-Filter linear 
extractor (Negri et al, 2006), was used as described in D2.14 (Dell’Acqua et al., 2011). The 
results are shown in Fig. 3.6. 
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Fig. 3.6 Road network extraction in Vienna 

 

3.2 THE CASE STUDY OF MESSINA  

An analysis similar to the one performed for the Vienna case study was applied to the 
Messina case. 

 A COSMO/SkyMed image was available (see Table 3.2) and free optical data were used 
(Google Earth and Bing Map). 

Table 3.2 Data Features 

 

 

 

 

3.2.1 Building parameters extraction 

Fig. 3.7 shows the optical image with a polygon of the area of interest (on the left) and the 
radar data of the same area with a vector file representing the footprints of the buildings 
under study (right). 

The building footprints can be extracted applying the algorithms described in D2.14 
(Dell’Acqua et al., 2011). 

The number of storeys was extracted using the same methods as for the Vienna case study, 
exploiting shadows and strong scatters. 

Sensor 
Name 

Acquisition 
Date 

Acquisition 
Time 

Acquisition 
Mode 

Incidence 
Angle 

Orbit 

 
CSK-S1 

 
23-Apr-2008 

 
05:21 

Enhanced 
Spotlight 

 
50.57° 

 
Ascending 
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Fig. 3.7 Optical (left) and radar (right) data of the case study area in Messina 

 

3.2.2 Building vulnerability assessment 

Also in this case, SP-BELA was used in order to estimate the vulnerability of the structures, 
obtaining the result shown in Fig. 3.8. 

Starting from this result, it is possible to create a building vulnerability map of the whole area 
under study. An example is reported in Fig. 3.9: a vulnerability index is assigned to each 
building, the resulting index is then classified in three different classes, from low to high 
probability to reach out a certain state limit. 

 

 

Fig. 3.8 An example of vulnerability study: the building under study marked by green rectangle 

(left) and its fragility curves (right) 
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Fig. 3.9 Example of building vulnerability mapping: Messina case. Each colour corresponds to 

different levels of estimated vulnerabilities. 
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4 Multi-source data integration 

4.1 INTEGRATION OF DATA EXTRACTED FROM REMOTE SENSING IN GIS 

ENVIRONMENT: THE CASE STUDY OF THESSALONIKI  

Vector and raster geographic layers can be analysed in GIS environment in order to get 
geometric attributes and spatial associations. 

For the case study of Thessaloniki some spatial metrics were applied to the vector layers of 
building footprints and transportation network. To perform the analysis all the data were 
integrated and stored in a GIS database (geo-database). 

4.1.1 Methodology 

Two different spatial metrics were applied to assess the spatial relation and geometric 
attributes of some built-up vector layers available for the city of Thessaloniki: the Shape 
index and the NEAR index. 

The Shape index (SHAPE) was applied as a measure of the building shape complexity, 
according to the following Eq. (4.1) (McGarigal and Marks, 1995): 

    ip

ip
SHAPE

min


      (4.1) 

where: 

pi = total  perimeter of building i (given the number of cell surfaces); 

minpi = minimum perimeter possible for a maximally compact building (in a square raster 
format) of the corresponding building area. 

The SHAPE index equals 1 when the building is maximally compact and increases without 
limit as the shape becomes more irregular. 

The NEAR index measures the Euclidean distance between each building and the nearest 
feature. The distance is measured in meters from the boundary edges. The NEAR index was 
applied for the case study of Thessaloniki to perform the following proximity analysis: 

o from each building to the nearest building; 

o from each building to the nearest main road; 

o from each building to the nearest transportation network feature - including fast 
transit roads and associated land, other roads and associated land, railways and 
associated land. 

The building footprint and main road layer were derived from the existing inventory (Local 
Urban dataset, described in Appendix A), while the transportation network layer was derived 
from the Urban Atlas (described in Appendix A). 

When applied to measure the building to building distance the NEAR index increases as the 
neighbourhood is increasingly occupied by other buildings and as those buildings become 
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closer and more contiguously distributed. This index can be used to measure the isolation of 
a building or the distance to the nearest building characterized by a given typology or 
fragility. 

When applied to the building to road or transportation network the NEAR index measures 
the distance between each building and the nearest road or railways or associated land 
(stations, platforms, embankments, roundabouts). 

4.1.2 Results and discussion 

Fig. 4.1 shows the building SHAPE index map. This result shows that when the SHAPE 
index value is higher than 1.5 there is a very high probability to have a complex building 
footprint shape, such as “T” shape, “L” shape or a very elongated rectangular building. 
Those buildings are commonly more vulnerable than buildings characterized by a squared, 
compact shape. 

Fig. 4.2 shows the building to building NEAR index map. Fig. 4.3 and 4.4 show the maps of 
the building to road NEAR index, applied to the Main road system (Fig. 4.3) and to the entire 
road network system (Fig. 4.4). 

Spatial metrics, such as the SHAPE and the NEAR indexes, can be stored as attributes in a 
GIS vector file and then used in risk assessment applications or emergency evacuation 
plans. For example in a systemic risk assessment, the NEAR index could be applied to 
evaluate the road closure risk due to the collapse of a near building of a given typology, in a 
given distance. This index can also assess the distance of a point or building to the nearest 
utility network (electric power system, gas and oil network, water system) or critical 
infrastructure (healthcare facilities, fire fighting system). 

The SYNER-G approach focuses on different components of the typical European elements 
at risk from a systemic perspective. The systemic vulnerability accounting has been 
developed following a more comprehensive approach which includes different 
interdependences, as addressed in D2.1 (Franchin et al., 2011) and D5.1 (Gehl et al., 2011). 
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Fig. 4.1 SHAPE index map for Thessaloniki case 

 
Fig. 4.2 NEAR index map: building to building, for Thessaloniki case 
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Fig. 4.3 NEAR index map: building to main road, for Thessaloniki case 

 
Fig. 4.4 NEAR index map: building to transportation network, for Thessaloniki case 
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4.2 COMBINING REMOTE SENSING AND CENSUS DATA: THE CASE STUDY 

OF VIENNA  

Census data account for specific socio-economic parameters at the level of arbitrary 
administrative units. Those data can be mapped using spatial disaggregation techniques 
based on ancillary data; as discussed in D2.14 different techniques and ancillary data can be 
used for this purpose. 

For the case study of Vienna a disaggregation model was applied to downscale the census 
population data, using an urban land use map as ancillary data. The objective of this test 
was to downscale the population density derived from different census data at the level of 
building blocks. 

4.2.1 Methodology 

The JRC (Gallego, 2010) produced a European dataset of population density distribution 
(Population density grid of EU-27+, version 5) using a dasymetric model, based on the 
Corine Land Cover 2006 v.13 (ancillary dataset). This model is based on the disaggregation 
of the census units into smaller homogeneous zone. A refined application of this 
methodology was applied for the case study of Vienna.  

This application is based on the Urban Atlas (UA) land use map (described in D2.14), which 
covers the central city area and good part of the hinterland (Large Urban Zone), at a nominal 
scale of 1:10 000.  

Two different population census data were used (Fig. 4.5) (see also Annex A): 

o a local population census on the central city area (about 290km2), from 2001; 
available at the level of census polygon of approximately 25 ha in size; 

o a country level population census from 2006; available as 1 km grid cell. 

The study area was divided in a training area and a test area (Fig. 4.6). The training area 
was used for estimating the population density of each urban land use class (c) derived from 
the UA. The test area was used for testing two different population downscaling method at 2 
km resolution. A limiting variable and a fixed ratio method were tested (Gallego et al., 2011; 
Eicher and Brewer, 2001).  

In order to take into account the different population density that occurs in the central city 
district and in the hinterland, the study area was also divided in two different zones: the 
central area zone (stratum 1) and the hinterland (stratum 2) (Fig. 4.6). The stratum 1 
corresponds to the area where the local - polygon based - census is available. For the 
stratum 2 only the grid cell census was available. 

The following paragraphs describe the modelling steps. 

Land use population density 

In order to assign the population density to each urban land use class (c), a set of sample 
polygons was selected in the training area. Those polygons correspond to census units 
which are covered by homogeneous urban land use classes (pure c census zone), excluding 
the “no population” land use area. The pure c census zone where selected according to the 
following condition (Eq. 4.2): 
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          (4.2)  

where: 

acg = area of the urban land use class c in the census unit g; 

Ag = total area of the census unit g; 

ano pop g = total area of “no population” class in the census unit g. 

In the hinterland area (stratum 2) the training samples (pure c census zone) correspond to 
grid cells (pure c cells), while in the central area the samples correspond to pure c census 
polygons. 

The population density of each urban land use class was calculated as the average 
population density of the class samples weighted by the class area. The final population 
density for each class and each stratum are listed in Table 4.1.  

Table 4.1 also shows the urban land use classes (c) used in this model, which were derived 
from the Urban Atlas classes. The classes corresponding to the area where “No population” 
and “Non-residential” population is expected to be found were aggregated. 

The application of the two downscaling methods is described below. 

Fixed ratio method  

In the test area the population count of each 2 km grid cell was disaggregated, per each 
stratum, at the level of the Urban land use class units, according to the following Eq. (4.3): 

        
        

∑           
     (4.3) 

where: 

Pcg = population density of the urban land use class c in the census unit (2km grid cell) g; 

Pg = total population in the census unit g; 

Cdcsx= population density for the land use class c, in the stratum sx; 

acg= area of the land use class c, in the census unit g. 

Limiting variable method 

The limiting variable method is described trough the following steps (Gallego et al., 2011): 

o a uniform population density value derived from the original census dataset is 
assigned to all the land use polygons in each 2 km grid cell (Dg); 

o the Land use classes are ranked and an index (r) is assigned from the lowest to the 
highest population density value (from “Continuous Urban Fabric”- r=1 – to ”No 
population” - r=7) (see Table 4.1); 

o If the Dg is above the population class density of the given stratum, the density value 
is modified: the population density become equal to Cds1 or Cds2 , and  the population 
in excess is redistributed among the more dense classes according to the following 
Eq. (4.4) (Gallego et al., 2011): 

      
      

   
            

∑    
 

     

    (4.4) 
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this step is iterated for each r’ > r : 7 iterations in total, one for each land use class, 
were performed; 

o at the end of the process if there is still some excess population it is redistributed to 
all the land use classes proportionally to the class density (Cds1 or Cds2). 

Selection and application of the model 

The disaggregated population map resulting from the two tests were re-aggregated at 1 km 
grid and compared with the original 1 km census population map. This was done for 
evaluating the two models, in absence of reference data. 

The RMSE of the limiting variable model (500) was slightly lower than that of the proportional 
model (680). This result is consistent with the findings of Gallego et al. (2011).  

The limiting variable model was therefore applied to the whole study area (test area plus 
training area), for each 1km grid cell. 

Table 4.1 Population density values for each Urban land use class and each stratum 

UA classes 
Urban land use 

class (c) 
Cds1* Cds2* r 

Continuous Urban Fabric Continuous Urban 
Fabric 250.800 1.306 1 

Discontinuous Dense Urban Fabric 
Discontinuous 
Dense Urban 

Fabric 
153.680 0.800 2 

Discontinuous Medium Density Urban Fabric 
Discontinuous 

Medium Density 
Urban Fabric 

74.160 0.272 3 

Discontinuous Low Density Urban Fabric 
Discontinuous Low 

Density Urban 
Fabric 

25.200 0.272 4 

Discontinuous Very Low Density Urban Fabric 
Discontinuous Very 
Low Density Urban 

Fabric 
0.859 0.004 6 

Isolated Structures Isolated Structures 0.859 0.004 6 

Airports; Construction sites; Industrial, 
commercial, public, military and private units; 

Port areas; Sports and leisure facilities. 
Non residential 17.560 0.040 5 

Fast transit roads and associated land; 
Other roads and associated land; Railways 

and associated land; Agricultural and others**. 
No population 0.000 0.000 7 

* Cds1 = class density for the stratum 1; Cds2 = class density for the stratum 2 

** Semi-natural areas; Wetlands; Forests; Green urban areas; Land without current use; 
Mineral extraction and dump sites; Water bodies. 
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Fig. 4.5 Population census data for the Large Urban Zone of Vienna: Local population census 

(left side), country level population census (right side) 

 
Fig. 4.6 Population zones for the study area in Vienna 
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4.2.2 Results and discussion 

The map in Figure 4.7 shows the final disaggregated population map. The applied method 
preserves the pycnophylactic property which means that the original total population set 
(from the 1km grid census) is preserved.  

The advantage of this modelling is to have a population density displaced to smaller spatial 
units than the original census dataset. This spatial detail can affect the information accuracy 
on human exposure when the population map is used for exposure analysis.  

The main limitation of this method is the difficulty of getting a population reference dataset 
suitable to obtain a sufficient sample of census unit covered by homogeneous land use 
classes. Most of the census dataset, in fact, have a too coarse spatial unit. In this case study 
the local population census was enough detailed to allow the collection of an appropriate 
sample number in the central city area, while the population grid cell map was suitable to get 
a sufficient number of census samples in the peri-urban area. 

This application only deals with residential population. Time-specific population maps are 
much more useful for human exposure analysis in disaster risk assessment. However the 
data that are necessary to perform population spatio-temporal analysis (mobile population 
database and activity location map) were not available at the local level for the SYNER-G 
case studies. 

 
Fig. 4.7 Population density map for Vienna case 
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Appendix A 

A Ancillary input data 

A.1 THESSALONIKI 

Table A.1 Thessaloniki input GIS dataset 

LOCAL DATASET 

Data Format Description Coverage 
Mapping 

unit 
Scale 

Temporal 
coverage 

Main 
data 

source 

Road 
network Vector Main road 

network 

Central 
city area 

(~ 70km2) 

Central 
axis n.a. 2003 and 

2006 

Local 
urban 

dataset 
 

Building 
Blocks Vector 

Attributes for 
each block: 

average 
number of 

storey, 
population 

count 
 

Central 
city area  

(~ 70km2) 

Building 
Blocks n.a. 

Buildings:
2004 and 

2006; 
population

:  2001 

Local 
urban 

dataset 

Building 
Footprint

s 
Vector 

Polygons of 
buildings and 

blocks. 
 

Central 
city area 

(~ 70km2) 

Building 
footprints n.a. October 

2002 

Local 
urban 

dataset 

Building 
inventor

y 
Vector 

Attributes for 
each building 

block: 
building 
number, 
building 
volume,  
building 
typology 

 

Only 
certain 
blocks 

inside the 
central city 

area 

Building 
Blocks n.a. 1984-2003 

Local 
urban 

dataset 

OTHER AVAILABLE DATA 

Data Format Description Coverage 
Mapping 

unit 
Scale 

Temporal 
coverage 

Main 
data 

source 
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A.2 VIENNA 

Table A.2 Vienna input GIS dataset 

LOCAL DATASET 

Data Format Description Coverage 
Mapping 

unit 
Scale 

Temporal 
coverage 

Main 
data 

source 

Road 
networ

k 
Vector Main and 

local roads 

Central city 
area 

(~290km2) 
 

Central 
axis n.a. 2010 

Local 
urban 

dataset 

Buildin
g 

Footpr
ints 

Vector Polygons of 
buildings 

Central 
district 

(~1km2) 
 

Building 
footprints n.a. 2010 Field 

survey 

Popul
ation Vector Inhabitants 

per hectare 

Central city 
area 

(~290km2) 
 

Census 
blocks n.a. 2001 Census 

GMES 
Urban 
Atlas 

Vector 

Land use 
for Large 

Urban 
Zones with 
more than 
100.000 

inhabitants 

Local 
(city 

level) 
 

Building 
blocks 
density 
classes; 

Road 
polygons:  
fast transit 

roads, 
other 
roads, 

railways 
and 

associated 
land) 

1:100
00 

2005-
2007 

EO 2.5 
m 

resolutio
n 

Populatio
n density 

grid of 
EU-27+, 

v5 

Raster 

Downscalin
g population 
density with 
a CLC and 

LUCAS 
point survey 

EU Pixel 100 m 2000 

CLC 
2000; 

Eurostat 
Census 

2001 

Digital 
Elevation 

Data  
Raster 

Near-global 
topographic 

maps of 
Earth 

Global Pixel 90 m 2000 

SRTM 
(US 

Geologi
cal 

Survey's 
EROS 
Data 

Center) 
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Elevati
on 

model 
Raster DTM City level (~ 

600 km2) Pixel 90m   

VHR 
optical 
satellit

e 
image 

Raster PAN+MS 
City level 

(~324 
km2) 

Pixel 0.6 
m 

10JAN200
5 

Quickbi
rd 

OTHER AVAILABLE DATA 

Data Format Description Coverage 
Mapping 

unit 
Scale 

Temporal 
coverage 

Main 
data 

source 

GMES 
Urban 
Atlas 

Vector 

Land use 
for Large 

Urban 
Zones with 
more than 
100.000 

inhabitants 

Local (city 
level) 

Building 
blocks 
density 
classes; 

Road 
polygon: 

fast transit 
roads, 
other 
roads, 

railways 
and 

associate
d land) 

1:100
00 2005-2007 

EO 2.5 
m 

resoluti
on 

Populat
ion 

density 
grid of 
EU-

27+,v5 
 

Raster 

Downscalin
g population 
density with 
a CLC and 

LUCAS 
point survey 

EU pixel 100 m 2000 

CLC 
2000; 

Eurosta
t 

Census 
2001 

Austria 
populati
on map 

Raster Population 
count Austria pixel 1km 2006 

Statistic
s 

Austria 
© 

 


