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Abstract 

As in the last years catastrophic events are always more frequent, the scientific community 
concentrate most of its efforts to reduce to a minimum the damages deriving from these 
events. Since it is almost impossible to forecast these situations, what it is possible to do is to 
narrow as much as possible the losses, through a prevention work. 

Among the catastrophic events that may occur on our planet, earthquakes are certainly the 
ones that produce more damage to structures, but also in terms of human losses. 

It is therefore necessary to focus attention on buildings at risk, in order to correct any 
deficiencies prior to avoid potentially dangerous situations. 

Seismic risk depends on both seismic hazard and vulnerability of exposed elements, and in 
this respect vulnerability is as important as the probability distribution of strong ground 
shaking from earthquakes in providing the necessary information to policy and decision-
makers in order to prevent and mitigate the losses in lives and property.  

Nowadays, the estimation of vulnerability of buildings and roads extraction is performed 
mainly relying on accurate, complex models, which have to be fed with large amounts of in-
situ data and are thus generally capable of covering only a limited geographical scope.  

The main purpose of this deliverable is to untie, at least to some extent, the evaluation of the 
seismic vulnerability from the availability of data taken in situ, which is extremely scarce and 
inhomogeneous if the problem is considered in a global perspective. 

It will be possible to increase the information extracted from the remote sensing data with 
ancillary data, in order to maximize the performances of the models that assess the 
vulnerability. 
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1 Introduction 

In the last fifty years it has been observed a significant increase in the amount of losses and 
causalities as a consequence of a natural disaster. Among many reasons we can’t forget 
that in the last half century it has been observed a huge increase of the world population, 
together with urbanization.  

Earthquake-induced losses certainly represent an important portion of the natural disasters 
bill (Noji, 1997). Civil protection authorities, as well as insurance and reinsurance markets, 
each for its own field of competence, are strongly interested in reliable methods to build loss 
models and disasters scenarios.  

Evaluating the vulnerability of existing building stock is certainly pivotal in this framework and 
indeed it has a long history of method proposed along the years (Calvi et al, 2006), based 
either on empirical, analytical or even hybrid approaches. 

In general, though, the various methods proposed need a considerable amount of 
information to be collected either on past events (for empirical methods) or on the physical 
features and characteristics of the considered buildings (for analytical approaches), or both 
(for hybrid methods). This may represent a severe limitation on the geographic scope of the 
vulnerability estimation procedure, either because historical data are unavailable at the 
desired precision or format, or because the in-situ collection of data is too expensive and 
time-consuming to make it practical to collect the required information. 

In this context it can be useful to turn one’s attention to remote sensing techniques, which by 
definition can operate on far larger scales than in-situ data collection. This deliverable is 
centred on EO-based seismic vulnerability estimation, with a special focus on a limited set of 
sites over which collection of satellite data is prioritized. EO could be the key enabling 
technology in large-scale estimation of seismic vulnerability, as it has already happened for 
e.g. floods (Sanyal and Lu, 2005), which is in turn very useful for studying risk scenarios and 
preparation of countermeasures. 

Moreover the deliverable’s aim is to collect methods in order to fuse information derived from 
remote sensed data, with ancillary information such as ground truth and census data, in 
order to improve the accuracy of the result. 
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2 Terminology 

As said before, seismic hazard and vulnerability of exposed elements are both relevant for 
seismic risk evaluation. In order to prevent and mitigate the losses in lives and property, the 
probability distribution of strong ground shaking from earthquakes and seismic risk 
evaluation are information of primary importance to policy and decision-makers. 

Task 2.5 aims at producing a zero-level estimation of vulnerability relying in principle on 
remotely sensed data only in order to untie –at least to some extent- the evaluation of the 
seismic vulnerability from the availability of in-situ data, which is extremely scarce and 
inhomogeneous if one looks at the problem in a global perspective. 

Assignment to the different vulnerability classes will be based on a simplified vulnerability 
model optimized to exploit -to the maximum possible extent- the information that can be 
extracted from space-borne remotely sensed data. The possibility to integrate ancillary data 
will be preserved, as a means to improve the accuracy of the vulnerability evaluation where 
additional data are available. 

Vulnerability will not be summarized into a single index. Two vulnerability aspects will be 
considered separately, though they may then be subsequently correlated, as the ways to 
address each one are remarkably different: 

• Physical vulnerability  of buildings, i.e. likelihood of damage/collapse 
• Vulnerability of inhabitants , i.e. likelihood of injury/death. 
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3 Method to extract building and road infrastructure 
from remote Sensing Data 

3.1 VHR OPTICAL DATA 

Optical satellites measure and record the amount of Electromagnetic Radiation, or 
irradiance, which reaches the sensor after being reflected by the earth’s surface; optical 
sensors are sensitive mainly to visible, near infrared and short-wave infrared range of 
Electromagnetic Radiation. Optical satellite imageries are characterized by three types of 
resolution: spatial, spectral, and temporal. Temporal resolution is defined by time gap 
between imagery collection periods. Spatial resolution is defined by the size of the surface 
area being measured on the ground, which corresponds to one single pixel. Spectral 
resolution is defined by the wavelength interval size of the Electromagnetic Spectrum, and 
number of intervals, that the optical sensor is able to measure (Campbell, 2002). All these 
resolutions affect the accuracy of the relevant features identification. Data with diverse 
resolutions perform differently according to the processing techniques and the target 
features to be extracted.   

Each of the described resolution types can be exploited to detect built-up areas and to 
extract different building parameters. Spatial resolution is the most important property of 
optical satellite data for identifying built-up features. When conducting studies at the local 
scale, a spatial resolution of 5x5m or less is needed, considering a medium building size of 
minimum 10m2. Lower spatial resolution data, such as Medium Resolution (MR), can be 
used to detect building aggregates for larger study areas, where the detection of buildings is 
less detailed and individual or scattered buildings can be omitted. Data from optical High 
Resolution (HR) satellites are typically characterized by a spatial resolution which is between 
1x1 and 5x5m. Data with a minimum resolution of 1x1m are normally defined as Very High 
Resolution data (VHR) and are suitable for a building by building representation of the built-
up. Figure 1 provides examples of urban areas characterized by different building densities 
and sizes, represented at different resolutions (from 0.5x0.5m to 15x15m). In the context of 
Syner-g, we will consider only HR and VHR optical satellite data for building and road 
infrastructures extraction. Temporal resolution becomes relevant when a specific time scale 
is required and when multi-temporal analysis is needed for monitoring building stocks 
changes. Multi-temporal data can be also exploited to detect the building age. Spectral 
resolution can help distinguishing building materials, it is also typically exploited to filter out 
vegetation and can be useful to mask other non-built-up features such us bare soils. 

Several VHR satellite data type are available and can be applied to building information 
extraction. The choice of specific data types involves trade-offs between several parameters. 
The trade-off is driven by the intended application. Apart from resolution, some other 
technical parameters, such as viewing angle, illumination angles and atmospheric condition, 
must be considered when selecting a satellite image for a specific purpose and processing 
techniques. Some of these parameters may influence the quality of the imagery (i.e. 
atmospheric conditions, presence of clouds) and thus the precision of object extraction, 
while some other parameters can determine the possibility to extract specific parameters - 
i.e. the acquisition angle and sun elevation angle influence the shadow and the view angle of 
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high objects, which are exploited to extract object height. Most of the VHR satellites can also 
acquire stereo pair imageries, with a resolution which is about two/three times lower than 
normal acquisition and an acquisition window of about 90 days. The stereo acquisition is a 
task specific data acquirement which allows, trough specific image processing techniques, to 
build three dimensional representations of the earth surface and can be exploited for 
extracting the building volume. 

The table below lists the available HR optical satellite data type and their main features. 

 

Table 3.1 - HR optical satellites 

Satellite Spectral resolution* 
Spatial 

Resolution (m) 
Scene 

size (kmq)  
Collection 

window  (days) 

GeoEye-1 

 

Panchromatic +  4 Multi-
Spectral bands 

(blue, green, red, near IR) 

Pan 0.50 

MS  2.0 
49 – 100 60 

WorldView-1 
Panchromatic 

 
0.55 246.4 1.7-5.9 

EROS-B Panchromatic 0.7 49 2-4 

Quickbird 
 4 Multi-spectral bands 

(blue, green, red, near-IR) 

Pan 0.78 

MS  3.12 
272 3-11 

EROS-A Panchromatic 
Pan1 1.0 

Pan2 1.9 

100 

196 
2-4 

Ikonos 

 

Panchromatic +  4 Multi-
Spectral bands 

(blue, green, red, near IR) 

Pan 1.0 

MS  4.0 
49 – 100 60 

Kompsat-2 

Panchromatic +  4 Multi-
Spectral bands 

(blue, green, red, near IR) 

Pan 1.0 

MS  4.0 
225 14 

OrbView3 

Panchromatic +  4 Multi-
Spectral bands 

(blue, green, red, near IR) 

Pan 1.0 

MS  4.0 
64 3 

WorldView-2  

8 Multi-spectral bands  

(red, blue, green, near-IR, 
red edge, coastal, yellow, 

near-IR2) 

1.8-2.4 490 1.1-3.7 

Formosat-2 
Panchromatic +  4 Multi-

Spectral bands 

Pan 2.0 

MS  8.0 
576 1 
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(blue, green, red, near IR) 

Cartosat-1 Panchromatic 2.5 900 116 

ALOS 

Panchromatic +  

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

 + Synthetic Aperture Radar 
(L-band) 

Pan: 2.5 

MS: 10 

L-band: 10-100 

30-350 46 

RapidEye 

5 Multi-spectral bands 

(red, blue, green, near-IR, 
red edge) 

5.0 6000 1-5.5 

SPOT-5 

Panchromatic +  5 Multi-
Spectral bands 

(blue, green, red, near IR, 
Shortwave IR) 

Pan: 2. 

MS: 10 

SWI: 20 

3600 – 
7200 

2-3 

* Panchromatic or Multispectral refers to the number of bands included in an image. Panchromatic 
images are single layered, grey-scale images. 

 

VHR satellite data are commonly used for supporting urban planning and built-up areas 
monitoring at local scale. With the increasing availability of VHR data, remote sensing 
applications for disaster risk assessment are rapidly growing and a lot of work and research 
projects are focusing on developing and adapting satellite data analysis for human 
settlements exposure to disaster risk. 

When assessing the physical elements exposed to risk in a given area, two types of 
products are typically derived from satellite imageries: settlement maps (often referred also 
as built-up maps); and the more precise building stock maps. The building stock maps offer 
a building-by-building inventory and can be extracted from VHR data. The built-up map 
instead represents buildings in spatial units with a variable area, which is arbitrary and 
corresponds to building aggregates, thus bringing in the modifiable area unit problem 
(MAUP) (Openshaw 1984). Built-up maps can also be derived from HR and MR data. 

More advanced remote sensing and GIS techniques can be applied to characterize the 
building and built-up features with attributes at different levels of detail.  All the satellite data 
listed in table 1 can be applied for a range of built-up parameters extraction, including: 

• geometric parameters of building 

• geometric parameters of transportation and critical infrastructures; 

• built-up change. 

The following paragraphs explain the characteristics of the built-up and building stock maps 
and the methodologies to derive them from VHR and HR optical satellite data.  
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Figure 3.1 – Built-up representation at different r esolution: different building densities are 
represented at different resolutions, showing the l imits of HR and MR data for single building 
representation and footprints extraction. HR data a lready has difficulties in representing single 
buildings when the size is medium or small. 

 

3.1.1 Built-up maps and existing European datasets 

When referring to built-up areas, other terms such as sealed areas and urban areas, are 
commonly used. The built-up is normally represented by categorical classes which can be 
represented as simple binary mask of built-up/non built-up or as built-up density classes. 
Built-up maps can also take the form of fuzzy indexes, or soft classification, where 
continuous values indicate the built-up density. 

Built-up maps can be used to approximate information on physical elements exposed to risk 
and are particularly useful in providing accounting and location of physical elements when 
covering large areas, where building stock maps are not available, or when rapid 
assessment is required. This kind of map is in high demand by the global disaster risk 
community including the Global Earthquake Model community. 

Satellite imageries used to derive built-up maps can have VHR, HR or MR, according to the 
investigation scale. Images can be processed to derive built-up maps using visual photo-
interpretation and digitalization of features, or automatic extraction techniques. Automatic 
processing techniques are described in the next paragraph. 

Two European land use datasets that include built-up classes have been produced to date, 
mainly derived from high resolution Earth Observation (EO) data. The CORINE Land Cover 
is a continental-wide European dataset that covers most of the countries of the European 
Union at a resolution of 100 x 100 and 250 x 250 meters. Corine Land Cover includes two 
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built-up density classes (continuous urban fabric and discontinuous urban fabric), two built-
up uses classes (urban fabric and industrial or commercial units) and two transportation 
infrastructures classes (port areas and airports) (Figure 2-a). The thematic classes are 
represented by polygons with a minimum mapping unit of 25m. The Urban Atlas is a more 
precise land use map focusing on Large Urban Zones, defined as areas with more than 
100.000 inhabitants. More than 300 cities in the EU will be mapped by 2011, covering the 
central city areas and good part of the hinterland, at a nominal scale of 1:10 000. The Urban 
Atlas discriminates, at the building blocks level, between five built-up density classes, two 
built-up uses (urban fabric and industrial commercial public military and private units), three 
transportation network classes and two transportation infrastructures classes (port areas and 
airports) (Figure 2-b).  

The Soil Sealing (EEA Fast Track Service Precursor on Land Monitoring)(Figure 2-c) is a 
continental wide European dataset, which maps the degree of soil surface covered with 
impervious materials as a result of urban development. The final product is a raster map of 
continuous degree of sealing ranging from 0 to 100%, with a spatial resolution of 100 x 100 
m. This gradient can be interpreted as built-up continuous index. 

The following figures represent an extract of the previously described datasets for a portion 
of the Thessaloniki urban area.  

 

a) 
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Figure 3.2 - Examples of Built-up representation fo r a subset of the Thessaloniki urban area. 
The first two representations are derived from Land  cover maps at two different spatial scales; 
they represent the built-up as categorical classes.  Built-up classes are underlined in the 
legend. (a)shows a built-up area as represented in the Corine Land Cover map. (b) represents, 
for the same area extent, the built-up classes from  European Urban Atlas . (c)is an extract of 
the European Soil Sealing layer, the built-up prese nce probability is represented by the sealing 
index. 

 

b) 

c) 
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3.1.2 Automatic built-up information extraction 

Automatic and semiautomatic image processing techniques allow for the extraction of 
parameters and to classify land use from remote sensing data, in a faster way than visual 
photo-interpretation and other classical data sources do. The information extraction process 
is based on classification algorithms that analyse and aggregate data into given classes. 
Image classification can be supervised and unsupervised, according to the implementation 
or not of a set of training areas, which define the class properties. Different classification 
procedures can be based on statistical decision rules in the multispectral domain or on 
logical decision rules in the spatial domain (the spatial domain includes shape, size, texture, 
and patterns of pixels or group of pixels) (Gao, 2009). Satellite row data are normally 
classified after some pre-processing operations, which basically correct some data distortion 
due to the acquisition geometry (ortho-rectification), atmospheric parameters and band 
resolution heterogeneity (panchromatic and multispectral data fusion – pan-sharpening).  

Paragraph 2.2 of Syner-g Deliverable 2.16 “Vulnerability assessment by optical satellite 
imagery” provides a comprehensive overview of existing techniques to extract urban areas 
applying different image classification algorithms to optical satellite imagery. The section 
below describes a texture based classification algorithm that has been developed by 
ISFERA (JRC) for the purpose of extracting the built-up from VHR optical data. 

Spectral based classifiers perform poorly on VHR and HR images of urban environments 
because of the high spectral variability caused by the very mixed surface materials. In these 
context, rules addressing the spatial properties of pixels can be exploited to obtain more 
reliable classifications (Pesaresi et al. 2011). One of the most commonly exploited 
parameter in the spatial domain is image texture. Texture refers to the variation in image 
tone or pixel intensity, along a certain direction; it is usually measured within a specific 
neighbourhood (kernel), using different quantitative descriptions (Gao, 2009). In urban areas 
spectral signals may produce characteristic textures that can be handled by spatial 
parameter (image structural information) (Pesaresi and Ehrlich 2008). Starting from this 
concept, Pesaresi et al. (2008) developed a “built-up presence index”, also called PANTEX, 
which uses anisotropic rotation-invariant textural measures (components of the texture in 
different direction), calculated using grey-level co-occurrence matrices (GLCM). The GLSM 
measures are combined using fuzzy compositions based on min and max operators 
(Pesaresi 2000). This approach is automatic; however the window size (kernel) for the 
GLSM measures calculation is empirically defined for specific sets of settlements structures 
(Pesaresi 1999). The resulting built-up index shows buildings including surrounding physical 
elements such as roads, infrastructures, parking lots and remaining open spaces (Pesaresi 
and Ehrlich 2008), with a spatial resolution which vary according to the input data. Pesaresi 
et al. (2011) explain why the PANTEX index performs well in modelling the built-up areas, 
summarizing three main points: i) built-up areas produce heterogeneous radiometric 
reflection, ii) built-up structures often cast shadows that produce characteristic textures, iii) 
urban structures are often built with rectangular shapes which create specific image features 
(Pesaresi et al. 2011). The PANTEX is characterized by being robust to absolute spectral 
variations (i.e. seasonal differences) and easily classifiable into a binary built-up/non built-up 
mask trough memberships values. The optimal threshold of the built-up membership is also 
selected interactively by the interpreter in order to translate the continuous index into 
discrete objects, this can be done by a posteriori probabilities (Pesaresi 2008). Different 
examples of the built-up index application to VHR optical images can be found in Pesaresi 
and Ehrlich (2008), Ehrlich et al. (2010) and Pesaresi et al. (2011).  
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3.1.3 Building stock and building parameters maps 

Building stock maps represent each building, separated from other physical elements of the 
built-up patterns. The buildings can be directly mapped from aerial photography or VHR 
satellite imagery and can be represented as points, footprints (building base area) or 3D 
objects (Deichmann et al. 2011) (Figure 3). The typical output is a discrete map of building 
location that can be used to rapidly estimate the building stock over a given area using basic 
GIS analysis. The building polygons or points can have different attributes, apart from the 
geographical location, including specific structural parameters, such as building material, 
number of storeys, structural type, and demographic or census data cried out from ground 
surveys, such as occupancy and number of persons living/working in the building. Figure 4 
provides an example of a Building stock map for Thessaloniki, where the building attribute 
table contains a range of building parameters derived from ground surveys. 

Building stock maps are commonly available at local, municipal or district level, in the form of 
topographic map, cadastral maps, census map or city plan maps. Access to this kind of data 
is often restricted; data availability can vary from country to country. 

Building stock specific inventories are commonly developed starting from aerial photography 
or VHR satellite data through visual photo-interpretation. Photo-interpretation and manual 
digitalization of features is a timely expensive mapping technique. Automatic mapping 
techniques are being developed to make information extraction nearly operational, however 
they produce more approximate information. 

Building stocks can also be estimated starting from a built-up map through a sampling 
strategy. This procedure uses settlement maps as a statistical stratum used to optimize the 
number and location of samples (Ehrlich et al. 2010). 

Building structural parameters are normally measured on the ground. For earthquake 
vulnerability analysis, very specific parameters are needed and field surveys are necessary 
to perform detailed analysis and to collect the full range of required data. A limited number of 
physical parameters can be derived from VHR satellite imageries, with a certain 
approximation, trough visual photo-interpretation or automatic classification. These 
parameters are not enough to define the building typologies that are used for fragility 
analysis. Further determining factors, such as construction materials, construction type, 
occupancy, are needed, and must be integrated using other acquisition techniques, such as 
field survey based on individual buildings. Some parameters, i.e. existence of soft stories, 
added attic spaces, openings and façade elements, can also be extracted from aerial photos 
with specific acquisition techniques (pictometry) which capture the building side view from 
multiple oblique perspectives.  

Satellite images can be used for extracting some basic parameters and to preliminary detect 
different built-up morphologies. The parameters that can be extracted with VHR optical 
imageries are listed below. 

 

• Geometric building parameters 

� Buildings density 

� Planar view of building (footprint) 

� Building height  

� Building volume 

 
• Other building parameters 
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� Building roof type,  

� Building age 

� Building use (residential, commercial, industrial, ecc.) 

 

The table below lists the building parameters that are used within Syner-g to identify the 
typologies of European elements at risk, the parameters that can be extracted from VHR 
optical data are underlined and the relative attributes are listed. A detailed description of the 
typologies definition of European elements at risk, including sub-categories of buildings and 
elements at risk other than buildings is provided in Deliverable 2.2. 

 

Table 3.2 - Building parameters which identify the typologies of European elements at risk 

Parameter Visible from Values 

VHR 
optical 

SAR data  

Force Resisting Mechanism - FRM  No No Moment Resisting 

Frame (MRF) Structural Wall (W) 

….. 

Material – FRMM No No Concrete (C) 

Masonry (M) 

Plan – P Yes Yes, with 
limitations 

Regular (R)  

Irregular (IR) 

Elevation – E No Yes Regular geometry (R) 

Irregular geometry (IR) 

Cladding – C No Yes, in 
few cases 

Regular infill vertically (RI) Irregular 
infill vertically (IRI) Bare (B) 

Detailing – D No No Ductile (D)  

Non-ductile (ND) 

…. 

Floor System – FS No No Rigid (R)  

Flexible (F) 

Roof System – RS No Yes Peaked (P)  

Flat (F) 

Gable End Walls (G) 
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Height Level – HL Yes, with 
limitations 

Yes Low-rise (1-3) (L)  

Mid-rise (4-7) (M) 

High-rise (8-19) (H) 

Tall (20+)(Ta) 

Code Level - CL No No None (NC)  

Low (<0.1g) (LC) 

… 

 

 

 

Figure 3.3 – Example of Building locations (b), bui lding footprints (c) and building volumes (d) 
extracted from a Quickbird imagery (a). Source: Dei chmann et al. 2011 
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Figure 3.4 – Sample of Building stock map for Thess aloniki: population density is represented 
at the building block level; the attribute table sh ows the building parameters related to each 
polygon. 

 

3.1.4 Automatic Building parameters extraction 

A timely detection of exposed physical features can be critical when managing disaster risk 
analysis, especially in fast growing urban areas. 
 
Automatic building parameters extraction can be a very valuable source of information when 
conducting large-scale analysis and when no other local dataset is available. Automatic 
derived information is typically less reliable than that derived from ground survey or manual 
photo-interpretation. However, building parameters can be statistically aggregated to 
appropriate blocks/census unit or grid cells. The aggregated spatial units can then be used 
to infer characteristics of individual buildings using ground survey and statistical sampling 
techniques. 
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Map validation is essential to assess the data reliability and the aggregation scale that 
should be used to generalize the information. Data quality and accuracy should be 
consistent with the level of detail of the vulnerability analysis for which the information is 
extracted. When performing exposure risk analysis, however, the observation scale should 
allow different generalization levels, while trying to exploit the most detailed available 
information. 
 

Paragraph 2.1 and chapter 3 of Deliverable 2.16 provide a comprehensive overview of 
existing approaches and techniques to extract building stock and building parameters from 
optical satellite imagery. The section below presents the building parameter extraction 
techniques that have been tested at ISFERA (JRC) for case studies where only VHR optical 
data, and no other data types, such as stereo images or laser detection systems, are 
available. 

 

Automatic Building footprint extraction 

Several researchers have developed image analysis and segmentation techniques to 
automatically extract urban regions and patterns from VHR optical data (i.e. Taubenböck et 
al. 2011, Gamba et al. 2009, Geugen et al. 2011-a, Ouzounis and Soille 2010). The analysis 
is based on the aggregation of pixels with homogeneous spectral or spatial parameters (i.e. 
texture, scale, shape, size, brightness). The results of a recently advanced multi-scale 
decomposition scheme (Ouzounis et al. 2011) is the partitioning of the input domain into 
explicit layers of the image content based on structural and shape attributes. These layers 
represent consistent sets of targeted patterns that can be further classified following different 
approaches to meet the final objective. 

ISFEREA is testing different segmentation algorithms for detection of buildings based on 
mathematical morphology (Pesaresi and Ehrlich 2008, Soille 2008, Gueguen et al. 2011-a, 
Geugen et al. 2011-b, Ouzounis and Soille 2011). A supervised hierarchical segmentation 
algorithm based on connectivity relations has been developed by Ouzounis and Soille 
(2011). This technique builds a hierarchy of image partitions based on some pre-specified 
dissimilarity measures (dissimilarity-based connectivity) and enforce constraints that control 
the segmentation process trough empirically-set attribute thresholds (2).  

 

Automatic building height extraction 

Automatic building height extraction from VHR optical satellite data is possible by exploiting 
the length of the shadow casted by buildings. This approach has been applied by several 
authors (Miura et al. 2004, Miuraa and Midorikawa2006, Lin and Levatia, Noronha and 
Nevatia 2001, Shao et al. 2011, Brunner, et al. 2010). The technique is based on the 
following parameters: i) length of the shadow, iii) satellite viewing angle, iv) sun elevation at 
the acquisition time. This method is therefore suitable for data with a specific off-nadir 
acquisition; its performance is also related to the building density and the building height. 
The ideal scenario is determined by the following conditions (Soille and Pesaresi 2011): 

• nadir image acquisition, so that building facades are not visible;  

• sun elevation angle not too high: optimal value depends on building height, the 
acceptable maximum sun elevation angle increases with the building height; 

• isolated building, so that casted shadows are fully visible. 
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The difficulty of having ideal conditions imply that the building height extracted with this 
technique is an approximate measure, the building height values are therefore normally 
grouped in ranges, which corresponds to story numbers. 

3.2 SAR DATA 

The launch of the new EO satellite constellations COSMO/SkyMed and TerraSAR-X have 
opened new frontiers in Earth Observation from space. In fact, these satellites, both 
operating in the X-band, are equipped with very high-resolution Synthetic Aperture Radar 
sensors, which can reach a spatial resolution of about one meter. Moreover, with the 
possibility to work with any weather condition, these systems are particularly suitable for use 
in the field of damage assessment and monitoring. It is also possible to use Interferometric 
SAR techniques to extract accurate 3D models of the urban area and can be measured with 
good accuracy the urban subsidence, exploiting the Persistent Scatterer Interferometry 
technique. 

3.2.1 Introduction 

When a strong and destructive event, such as an earthquake, takes place, early response is 
fundamental in order to support and manage the rescue activities. In this framework, satellite 
remote sensing technology can be a very useful tool in the hands of the civil protection 
authorities, to sustain the decision chain (Voigt et al., 2007). Thanks to the increasing 
interest of the scientific community (Joyce et al., 2009) (Eguchi et al., 2010), the employment 
of remote sensed data as a tool for mapping buildings and infrastructure is becoming a 
widely used practice. 

In recent years it has been possible to observe a significant improvement of the technical 
characteristics of the sensors on satellites, for earth observation. The first systems able to 
achieve a spatial resolution of about one meter, were the optical sensors such as Ikonos and 
Quickbird, for example with the first, in panchromatic configuration, is possible to achieve a 
spatial resolution of 60 cm. 

These satellites have enabled significant new developments in various scientific areas, but in 
particular in the fields of urban environment observation. Unfortunately, the major limitation 
of these sensors is the totally dependence on the weather conditions: it is not possible to 
acquire images if the area of interest is covered by clouds. 

It is now possible to overcome this big problem thanks to the birth of the new, very high 
resolution synthetic aperture radar systems. These satellites are in fact able to achieve a 
spatial resolution comparable to that of the optical systems described above. Thanks to their 
technology it’s possible to capture images both day and night and under any weather 
condition. 

Cosmo-SkyMed and TerraSAR-X systems are equipped with this type of sensor and are 
used extensively in the field of urban observation, especially for the estimation of damage 
due to catastrophic events. Indeed, it is possible to achieve a spatial resolution of the order 
of a meter, which is essential for the analysis of images in urban areas. In addition Cosmo-
SkyMed and TerraSAR-X constellations are respectively composed by four and two 
satellites; the first one, in maximum alarm mode, is able to detect images of any part of the 
globe in an estimated time of 5-6 hours. 
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Table 3.3 - TerraSAR-X and COSMO-SkyMed characteris tics 

 

 

Recently, a number of papers appeared proposing methods for mapping different features 
found in a VHR SAR image, such as buildings (Hill et al., 2008),(Soergel et al.,2009), roads 
(Lisini et al., 2006)) and urban areas (Dell’Acqua and Gamba, 2006); in (Dell’Acqua et al, 
2009) a collection of methods to extract different types of information is proposed with 
speedy production as the primary goal. 

A striking example of the usefulness of these technologies, occurred during the Wenchuan  
Earthquake (Parsons et al. 2008) on May 12, 2008. In the days following the seismic event, 
the area of interest was hit by heavy rainstorms, so it was not possible to acquire optical 
images to assess the damage. In addition, usually pre-event images are used in other to 
make a comparison with post-event data, but in this case this data was not available. 
Nevertheless COSMO/SkyMed and TerraSAR-X images were of fundamental importance to 
have a fast and reliable damage assessment, of the region (Shinozuka  et  al. 2000;  
Yonezawa  and  Takeuchi  2001;  Matsuoka  and  Yamazaki 2005;  Stramondo  et  al.  2006;  
Gamba  et  al.  2007;  Chini  et  al. 2008, Balz  et  al.  2009).   

Besides the possibility to acquire in all-weather condition, radar systems also allows to 
exploit interferometric SAR (InSAR), through which it’s possible to  extract very accurate 
digital elevation models (DEM). Moreover, using the so-called multi-pass InSAR method, 
precise height models can be generated 

The persistent scatterers Interferometry  (PS-InSAR) (Ferretti et al. 2000, 2001)  technique, 
allow to have subsidence  measurement  (Hilley  et  al.  2004). 
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3.2.2 High-resolution SAR data of urban areas 

The SAR sensor acquisition geometry is very particular and generates different phenomena, 
which can be exploited in the field of observation of an urban area. It is known that the radar 
acquires data observing the earth from an oblique viewing geometry. 

In the radar geometry, there are two main directions: the azimuth direction, is the heading 
direction of the sensor, instead the range direction is the direction of the radar signal path 
and, in general, it is perpendicular to azimuth direction.  

In the azimuth direction, the geometry is entirely dependent on the Doppler Effect, in fact, a 
radar sensor can acquire images at a maximum resolution of non-moving objects. Instead, in 
the range direction, the position of a target depends on the path of the signal sent by the 
sensor. 

For example in Figure 3.5, is possible to observe the so-called layover effect 

 

Figure 3.5 - TerraSAR-X  spotlight  image  from  Oc tober  31, 2008, acquired in VV polarization 
from an ascending orbit, illuminated from the left side. Image courtesy of Liao et al 2009, 

ISPRS conference 

 

In the centre of Figure 3.5 it is shown the tallest building in Wuhan: the Mingsheng Bank 
building and it is 331.3 m height. 

In this image, the phenomena of the so-called layover is distinctly observable, in fact It is 
possible to clearly identify a series of strong reflectors: the first right in the center of the 
figure, is due to the corner-reflection caused by the foot point of the building, other 
reflections are present along the edge of building for its entire length, and finally another 
strong reflection is due to the roof of the building, which appears to be shifted to the sensor 
position. In fact, since in the range direction, position of the target depends by the signal 
path, the building’s roof is mapped closer to the sensor than the bottom. 
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In the picture it is shown also another phenomenon, caused by the particular acquisition 
geometry of the radar. It is clearly identifiable a large black area, this area is nothing but a 
lake. The flat surface of the water behaves exactly like a mirror reflecting the signal sent by 
the sensor in the opposite direction, so no back-scatter is sensed, thus creating a dark area. 

In Figure 3.6 it is shown  the  same  area  as  Figure 3.5,  but with a different acquisition 
geometry, in fact we know the orbit is descending and the area is illuminated from the right 
side. In the whole scene it is possible to observe double–bouncing effect, due to the very 
strong reflection of side lobes too. The double-bouncing effect occurs when the signal at first 
hits a smooth flat surface, such as a lake, then the signal is reflected against another 
surface, such as a building, and is scattered back to the sensor 

 

 

Figure 3.6 - TerraSAR-X  spotlight  image  from  Oc tober  18, 2008, acquired in VV polarization 
from a descending orbit, illuminated from the right  side. Image courtesy of Liao et al 2009, 

ISPRS conference  

 

3.2.3 Detection of Settlements 

In case of time-critical events, it is really important to exclude areas of no interest, in order to 
focus all the efforts on the regions that have to be analysed in more detail. As said in the 
previous paragraph, water areas in SAR images look dark, due to the reflection of the radar 
signal away from the sensor, instead salt and pepper effect (the so-called speckle noise) is 
typical of natural landscape areas. Urban areas, on the other hand, are characterized by 
both higher magnitude values and heterogeneity, due to the presence in urban area of 
source of strong reflectors, which produce many bright pixels. This kind of behaviour is 
typical of polyhedral shape objects, whose boundaries are compound by planar facets. 
Depending on the incidence angle, planar objects can appear very bright or dark, in fact as 
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explained before, for large incidence angle, most of the signal is reflected in opposite 
direction with respect to the sensor (i.e. lakes), instead for small incidence angle, the signal 
is reflected back to the sensor (i.e. building’s facades). For these reasons, it could be 
possible to make a first screening of urban areas, identifying areas with a large density of 
isolated bright pixels. Unfortunately, this technique fails in dense urban scenes, where more 
sophisticated methods are required in order to analyse the local image histograms as 
approximation of the underlying probability (or frequency) distribution function. In these kind 
of methods, it is also important define a good thresholding algorithm, maybe based on the 
image statistics in the proximity of the isolated bright pixel. 

3.2.4 Detection of Individual Buildings 

A good method to detect buildings, is looking for bright lines in SAR image, these lines point 
out the facade visible from the sensor and are caused by the double-bounce between 
ground and the wall. Is possible to extract the footprint of a building, stretching its own line in 
the direction of larger range values, but the stretching is different for every building. In this 
framework the shadow’s thickness can be used as a boundary. In this way is possible to 
obtain a quadrangular building footprint hypothesis. Moreover, two orthogonal bright lines 
produces rectangular angles and can be used to extract building feature, in this way the 
large number of bright lines, present in a SAR image, can be reduced and will be considered 
only those lines with high probability to coincide with building locations. 

3.2.5 SAR Polarimetry    

Since SAR Polarimetry is based on radar sensors, it inherits all the characteristics of SAR 
images, such as daytime and weather independency, moreover it can contain a lot of 
information, that can’t be provided by any other remote sensing imagery. These 
characteristics can be exploited in localization tasks and object classification.  

Thanks to the new satellite systems such as COSMO-SkyMed, TerraSAR-X and Radarsat-2, 
that provide a large amount of high-resolution PolSAR data, a lot of research has been done 
on polarimetric SAR. In this field can be used different methods originally designed for SAR, 
after some modifications in order to meet the PolSAR specific requirements. However, the 
most common technique used for example in optical image analysis, i.e. gradient operators, 
if applied in PolSAR images, produce poor results. In fact, since PolSAR data structure is 
very particular, specific operators are needed in order to improve these results.  

The first results of object recognition in PolSAR data seems to be satisfactory, but a lot of 
work has to been done, in order to achieve better results. 

3.2.6 Radargrammetry 

In radar field is possible to use a technique similar to photogrammetry, this method, called 
radargrammetry, exploit a single SAR image or a couple of SAR images in order to 
determine height of 3D objects. In fact, is possible to extract building height from the shadow 
cast behind the structure itself or, if two images of the same area acquired from different 
point of view are available, is possible to extract building’s height exploiting the disparity of 
the same target. In Radargrammetry only the magnitude of the SAR image is considered, 
phase is not used. 
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3.2.6.1 Single image 

In single image analysis there are two main kinds of useful feature:  

• Radar shadow is very useful to get a 3D impression of the scene, in case of flat ground the 

length of the shadow is used to determine the building’s height, but this works well for 

separated structures only. In fact, in built-up areas, is difficult to distinguish the shadow 

from other dark parts of the image, moreover layover effects can bias the apparent shadow 

length. 

• Shading is useful to extract local 3D structures from the image brightness. Two requirements 

must be satisfied: the position of the sensor has to be known and the reflection on the soil 

has to be Lambertian. It is also possible extract the local terrain slope from the acquired 

image, since, for a smooth surface solely, the gray value depends only on the local incidence 

angle, and the illumination angle is known. Unfortunately this technique generally can’t be 

performed on urban terrain due to the heterogeneity of man-made structures. 

3.2.6.2 Stereo 

In stereo Radargrammetry, a couple of SAR images is needed, these images can be 
acquired with different sensor configuration. In the same side configuration, the images are 
acquired with different incidence angles but from parallel flight tracks. Instead in the 
opposite-side configuration data is acquired from antiparallel tracks. This latter configuration 
allows a large disparity, which is very important for a precise height extraction. On the other 
hand, increasing the view angle difference, the number of the image patches that can be 
match declines. It is very difficult to obtain both configurations from space-borne sensors, 
due to the orbit inclination, for this reason airborne systems are preferred. 

3.2.7 SAR Interferometry 

As stereo Radargrammetry, in Interferometric SAR technique more than one images are 
needed in order to extract the height of objects. However, the InSAR technique is based on 
signal phases and not on magnitude images as in stereo; InSAR requires two complex SAR 
images, taken from different locations. Pre-processing such as over-sampling, co-
registration and spectral filtering are required before starting interferogram analysis. 

3.2.7.1 Analysis of single SAR Interferogram 

The increasing resolution of SAR sensors led to the opportunity of many scientist to use this 
kind of data for scene interpretation in urban areas. 

• Gamba et al. (2000)  suggest to exploit a 5m InSAR DEM of an urban scene, which contains 

tall and large buildings, but due to the low resolution, buildings are extracted as prisms of 

arbitrary footprint shape. Only the main buildings were extracted, whose footprint was 

represented by rectangles . 
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• Piater and Riseman (1996) perform on a InSAR DEM a split-and-merge region segmentation,  

to extract the roof plane.  In order to separate elevated object from the ground, the plane 

equation is used. 

• Soergel et al. (2003a) use bright lines (due to corner reflections) to identify where a building 

starts, using these lines as boundary between building and shadows. Two kinds of shadow 

edges are searched in order to set a boundary between ground and shadow. From these 

primitives, quadrangular buildings are estimated and building height is extracted exploiting 

both InSAR DEM and shadow’s length. 

3.2.7.2 Multi-image SAR Interferometry 

This technique exploits information coming from a stack of SAR images, multi-baseline 
processing allows to overcome the layover phenomenon. The observation angles of the SAR 
images present in the stack, has to change slightly, in this way is possible to maintain 
sufficient spectral overlap. In order to obtain a 3D imaging of the scene, is necessary to 
define a second synthetic aperture orthogonal to the flying track. This technique is suitable 
for both airborne and space-borne radar systems. 

3.2.7.3 Multi-aspect InSAR 

If several InSAR images are available, is possible to fuse the results, in this way is possible 
to correct layover effects and fill occluded areas. In particular, is possible to apply an 
iterative methods in multi-aspect analysis, in fact features, such as footprint identification, 
can be estimate at first starting from a single image, and then refined exploiting a second 
image of the same scene. 

3.2.8 Some Practical example 

The following examples have been produced on a matching set of high resolution 
spaceborne and aerial images on the city of Messina, Italy, one of the test sites selected for 
SYNER-G. 

 

Two storeys building 

The residential building (Figure 3.7) has a regular shape with two distinct plans, and the 
complete absence of balconies. Note that the building has no buildings nearby and there is 
the complete absence of dense vegetation. 

Radar image can precisely distinguish the two plans and acquire the height of the building 
highlighted with the yellow arrow. 
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Figure 3.7 - Optical and SAR images of a two storey s building 

 

Building with more than two storeys 

The building (in Figure 3.8) is residential, with four floors, and shows the presence of 
balconies. 

 

Figure 3.8 - The optical image (left) and The radar  one (right) of a four storeys building 

 

It is difficult to distinguish with precision the number of floors, probably due to the presence 
of balconies spread unevenly and the diffusion caused by double bounce. 
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The acquisition of the height is still accurate. In the yellow polygon are highlighted diffuse 
contributions from the sidewalk and from the division wall between road and building which, 
being very close to the building, can be exchanged for its continuation. 

Another example (Figure 3.9) of residential multi-storey buildings, with a pitched roof and 
with presence of balconies. A high-backscatter area allows detecting its height but not the 
exact number of storeys. It is also possible to distinguish clearly the footprint of the building. 

 

Figure 3.9 - Four storeys building  

 

Building with structures on top 

It can be noted that the building in Figure 3.10 has three floors, with no balcony, but with 
structures with different sizes and heights on its roof, causing spread high-reflectivity points 
due to radar double-bounce patterns. 

 

Figure 3.10 - Building with structures on the roof 
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Figure 3.11 shows buildings with structures located on the ground floor, of varying sizes that 
produce a return similar to the previous case.  
In the case of small-size structures, but with different shape, backscatter is always point 
shape and it is very difficult to acquire height. 

.  

Figure 3.11 - Building with ground level structures  

 

In the next building (Figure 3.12) the presence of chimneys, regularly cube-shaped , give 
visible contributions in radar image. 

.  

Figure 3.12 - Backscatter due to chimneys  

Figure 3.13 shows a building with structures on the roof, with a regular backscatter, it is 
possible to extract the height of the building. 
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Figure 3.13 - Building with structures on the roof  

 

Balconies produce very high backscatter, allowing a clear height extraction, even if is not 
easy to determine the number of storeys. 

In the yellow polygon scatterers due probably to parked cars are highlighted.  

 

Building with similar shape 

In this case are found similar radar backscatter, due to buildings with the same size and 
type. 

 

Figure 3.14 - Series of similar building  

 

In Figure 3.15 another similar example is shown.  
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Figure 3.15 – Similar buildings 

3.2.9 L’Aquila test case 

A collection of methods in a standard semi-automatic procedure called "rapid mapping" 
(Dell'Acqua et al., 2008) was recently created and is currently capable of producing: 

• Urban and suburban roads 

• Classification of basic categories of land cover (urban, water, vegetation) 

In addition to the standard products listed above, on the occasion of the L'Aquila earthquake 
two additional products have been tested: 

• Urban area segmentation 

• Identification of significant non-urban features  

3.2.9.1 Urban and suburban roads 

At first W-Filter (Negri et al., 2006) is applied to the VHR SAR image, in order to extract 
roads, then the extracted segments are skimmed and grouped (Gamba et al., 2006). A 
software suite named BREC (developed by Remote Sensing group of University of Pavia) is 
used to perform these steps, obtaining outputs compatible with GIS environments. 

In Figure 3.16 it is shown an example of the results, applying the algorithm on a 
COSMO/SkyMed image. Major urban roads have been collected, and the structure and main 
directions of rural roads have been detected too, even if some gaps remain in the main road 
stretch. 
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Figure 3.16 - Extraction of the road network with r apid mapping procedure 

3.2.9.2 Basic classification of land cover 

In order to extract water bodies, radiometric and spatial features are initially exploited 
(Dell'Acqua et al., 2008), then the texture characteristics are analyzed in order to determine 
the location and the boundaries of urban areas and identify vegetation too (Dell'Acqua et al., 
2008). In Figure 3.17 is possible to see an isolated portion of urban area, correctly detect 
detected and outlined by the method.  

 

 
Figure 3.17 - Urban areas extraction with rapid map ping procedure 
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3.2.9.3 Urban area segmentation 

Due to the well-known problem of speckle noise, the analysis of radar images on single 
pixels tends to give quite unsatisfactory results. In order to get around this problem, it is 
usually necessary to group the pixels. 

Dividing the city into neighborhoods, is possible to obtain blocks with a inherent homogeneity 
and can represent a physically meaningful partition of the urban area under consideration 
The districts can therefore represent aggregation unit of aggregation useful for the damage 
analysis. 

Since the urban districts are generally bounded by the major roads (as clearly visible in the 
radar image of L’Aquila), it is possible use the algorithm described above in order to extract 
the block partition directly from the radar. 

Some post-processing steps are necessary to refining the partition in order to achieve a 
satisfactory result. An example is shown in Figure 3.18, where red lines represent the 
boundaries of the areas resulting from segmentation.  

 

 
Figure 3.18 - Automatic segmentation into urban blo cks 

 



Multi-source data integration  

29 

 

4 Multi-source data integration 

4.1 INTEGRATION OF DATA EXTRACTED FROM REMOTE SENSING I N A 
GIS ENVIRONMENT 

Different data source can be integrated in a GIS system when linked by spatially explicit 
relations. Data integration involves the processing of different data layers in order to make 
them compatible with respect to the spatial system (extent, projection system), data format 
and information content consistency. Once all the data are stored in a GIS database 
(geodatabase) they can be overlaid, queried, and analysed, obtaining statistical aggregation 
and spatial indicators that can be exploited in vulnerability analysis. 

4.1.1 Built-up spatial metrics 

Spatial metrics have been defined and applied in landscape patterns analysis to describe 
habitat configurations, functional connectivity and process-based relationships (O’Neil et al. 
1988; McGarigaland Marks 1995; Alberti and Waddell 2000; Parker et al. 2001). In more 
general applications, these metrics can be used for spatially explicit analysis to assess the 
patterns of physical features, and to describe their geometry.  
 
Spatial metrics have been used to characterize urban patterns in built-up and building stock 
analysis (Tenerelli and Ehrlich 2010, Xi et al. 2009). Some authors have also applied spatial 
metrics to characterize the building typologies (Freire et al., 2010). 
 
Several spatial metrics can be applied for assessing the building exposure to risk, and can 
characterize the geometry and spatial pattern of buildings or building aggregates. These 
metrics are described below and grouped in three main categories: area/density, shape and 
proximity. The first two categories characterize single buildings or built-up units; the last 
category of metrics can also characterizes the spatial relation between different built-up 
categories such as buildings and roads or open spaces. The selected metrics are reported in 
Table3. Here follow a brief description. A thorough explanation of these metrics is given by 
McGarigal and Marks (1995) and Turner et al. (2001). 
 
Shape index (SHAPE) is a measure of shape complexity, it equals 1 when the building is 
maximally compact and increases without limit as the shape becomes more irregular. 
Proximity index (PROX) measures the isolation of a building, it increases as the 
neighbourhood is increasingly occupied by other buildings and as those buildings become 
closer and more contiguously distributed. Distance (distance) measures the Euclidean 
distance between each building and the nearest open space, road or critical infrastructure; 
each element can be represented as point, line or polygon and the distance is calculated in a 
predefined searching radius. Figure 5 shows an example of the Building to road distance 
index application. 
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Table 4.1 – Built-up spatial metrics. 

Index Formula Description Source 

Area/density metrics 

Building or built-up 
density 

000,10
A

n
BD i=

 
ni= number of buildings in the land unit 
A = total land unit area (m2). 

Unit=Number per 
hectares 
PD > 0, without 
limit 

McGarigal and 
Marks (1995) 

Shape metrics 

Shape index 

ip

ip
SHAPE

min
=

 

pj = total  perimeter of building i (given 
in number of cell surfaces); 

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

 
SHAPE ≥ 1, 
without limit 

McGarigal and 
Marks (1995) 

Proximity metrics 

Building proximity 

i

n

j ij

ij
n

i

n

h

a

PROX

∑∑
=== 1

2
1

 

Aij=area (m2) of building ij within 
specified neighbourhood of building i; 

hij=  distance (m) between building ij 
and building i, based on edge-to-edge 
distance. 

PROX ≥ 0 
The upper limit of 
is affected by the 
search radius and 
the minimum 
distance between 
buildings 

McGarigal and 
Marks (1995) 

Distance: 
 
- Building to open 
spaces  
- Building to roads 
- Buildings to critical 
infrastructures 

2
12

2
12 )()( yyxxd −+−=  

 
x1, y1 = coordinates of point 1 
x2, y2 = coordinates of point 2 

d ≥ 0 
-1 if no feature is 
found within the 
search radius 
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Figure 4.1 – Building to roads distance map: each b uilding footprint is characterized by its 
distance to the closest road; the distances are ran ged in classes with red colour for high 
values. 

4.2 METHODS FOR COMBINING REMOTE SENSING AND CENSUS DAT A 

Socio-economic data characterizes fundamental variables in vulnerability assessment; 
population data, in particular, are needed when performing estimates of casualties in natural 
disasters scenarios. The data are normally available from censuses, which account specific 
entities (i.e. people, household) as statistic aggregations at the level of arbitrary areal units. 
These units commonly correspond to administrative boundaries and do not have an intrinsic 
geographical meaning. Thematic maps which are based on such predefined areal units are 
also called cloropleth maps. 

Socio-economic census data can be mapped using spatial disaggregation techniques 
(Eicher and Brewer 2001,Mrozinski and Cromley 1999, Chen 2002) which realistically place 
non-spatially explicit attributes over geographical units (reporting zones).This is needed 
when performing analyses which integrate the census data with physical parameters (i.e. 
environmental data, built-up maps, topography) which follow natural boundaries or regular 
grid cells. The disaggregation techniques may be based on ancillary data which are normally 
related to the land use. These ancillary data can be extracted from remote sensing data. 

Deliverable 2.16 provides an overview of existing approaches and techniques to infer socio-
economic information and indicators relevant to vulnerability assessment - including 
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economic wealth, poverty and quality of life - from optical satellite imageries combined with 
census data. 

The following paragraph describe the methods that are used to map population density, 
focusing on three main issues: i) the main downscaling techniques used in GIS modelling, ii) 
the contribution of remote sensing in population density displacement models, iii) the main 
population density datasets that have been created so far at European scale. 

 

4.2.1 Population density mapping 

Remote sensing can be used to derive the physical elements exposed to risk, in particular 
the building stocks. Building stock can then be used to derive the spatial distribution of the 
population and the demographic exposure to hazard (Ehrlich et al., 2009, Taubenböck et 
al.2009), which are key information for emergency response planning. 
 
Population data at sub-national level are normally collected in Europe through population 
census every 5 to 10 years. Census units have a spatial dimension, which commonly 
corresponds to building aggregates matching administrative districts at different scales (i.e. 
NUTS regions). In many cases census data are only available at the commune level. In 
some cases demographic and socio-economic census are conducted using grid cell spatial 
units. Grid-based representation of population offer several advantages when population 
data must be integrated with representation of settlements or environmental phenomena 
(Martin 2009). More precise demographic data are collected in local administrative offices, 
but are normally not accessible or not available as geo-referenced data format. 
 

When studying exposure risk, the spatial detail of elements exposed to risk affects the scale 
of analysis and allows performing scenarios with different levels of approximation and 
different possibilities for decision support applications. The census spatial units are normally 
not enough detailed to allow integrating the demographic information at the level of building 
typologies that are needed to perform fragility analysis. This issue affects the detail at which 
the information on human exposure can be provided. When it is not possible to collect ad-
hoc demographic field data, downscaling techniques can be used to address heterogeneity 
within census units, displacing the population density to smaller spatial units. 

Downscaling techniques can map three types of population distribution: residential, ambient 
and time-specific. Time-specific and ambient population maps are based on spatio-temporal 
models, which take into account the movements of population during different times of the 
day, through a given area (Martin 2009, Ahola et al. 2007). Ambient population refers to an 
average distribution of population over 24 hours (Dobson et al. 2000). When mapping 
ambient or temporal distribution of the population, the input data collection is much more 
challenging. Two datasets are needed in this case: the map of the activity location, or 
physical features where they take place, and the mobile population database, which include 
statistics on tourism, all work related travels, temporary accommodations, education, traffic, 
etc. (Bhaduri 2007, Martin 2009, Ahola et al. 2007). 

 

GIS modelling for population downscaling 

 
The downscaling methods based on GIS can be classified as geostatistical methods and 
areal interpolation methods (Wu et al. 2006). 



Multi-source data integration  

33 

 

 
In geostatistical models continuous density surfaces (isopleth maps) are produced using 
control points, which represent census values (Tobler 1979, Wu et al 2006, Wu et al. 2008).  
In addition to the population dataset, geostatistical models can be applied with or without 
ancillary information. 
 
Areal interpolation methods are commonly used in population downscaling, they apply a 
homogeneous zone approach where the census units are disaggregated into smaller 
enumeration zones. Areal methods, which interpolate census data using ancillary 
information, are generally referred to as dasymetric, or “intelligent areal interpolations”.  
Different techniques for dasymetric modelling exist. The dasymetric models normally apply 
one downscaling parameter. Dobson et al. (2000) applied a multi-dimensional dasymetric 
model which includes multiple physical parameters to map ambient population in 1km grid 
cells at the global scale (ORNL's LandScanTM). In dasymetric models, the categorical or 
continuous proxies are related to population through sampling techniques (Wu et al. 2008, 
Mennis 2003, Mennis and Hultgren 2006), regression analysis (Cardenas 2003, Yuan et al. 
1997, Wu et al. 2006, Chen 2002, Cardena et al. 2010, Lu et al. 2010, Briggs et al. 2007) or 
expert knowledge (Eicher and Brewer 2001). Gallego et al. (2011) described and compared 
different methods for assigning the ratio of population density to different land use classes, 
dividing them in two main classes: “fixed ration methods”, which assign the same ratio of 
density to all classes, and “limit-based methods”, which apply upper limits to the population 
classes; the second class of methods provide the best performance. 
 
Another important distinction must be made between volume preserving methods and non-
volume preserving methods. In volume preserving methods the pycnophylactic constraint is 
applied, which means that the sum of population from all zones coincide with the known 
population (Toble, 1979, Gallego et al.2011). 
 
The criteria for the choice of method for population interpolation are the data availability and 
quality (accuracy, scale), together with the purpose of investigation. Dasymetric downscaling 
is particularly suitable for discrete variables with approximately homogeneous intra-zone 
distribution and inter-zones with actual changes, as is the case of many socioeconomic 
variables (Cai, 2006). Dasymetric mapping is commonly used for population downscaling 
when ancillary variables when high correlation with population and high accuracy are 
available.  
 
The application of population interpolation based on ancillary data is becoming common with 
the increasing availability of land use data extracted from remote sensing and the 
progressing in GIS technologies. The most typically used ancillary data is the built-up 
physical elements, which represents the living space of population. The built-up variable can 
have binary (built-up/non built-up), categorical or continuous values (built-up density 
classes). Binary variables simply mask non-populated areas. Physical parameters other than 
built-up can also be applied as disaggregation proxies. Commonly used proxies include the 
followings: 
 

• binary built-up maps (Langford 2007, Langford and Unwin 1994); 

• built-up or impervious area density (Azar et al. 2010, Chen 2002, Lu et al. 2006, Wu and 

Murray 2007); 

• building count, area and volume (Wu et al 2008, Cardenas et al. 2010, Lu et al. 2010, Liu and 

Clarke 2002, Dong et al. 2010, Lo 1995); 

• land use/land cover classes (Gallego 2010, Mennis 2003, Holt et al. 2004, Yuan et al. 1997, 

Mennis and Hultgren 2006, Briggs et al. 2007, Schneiderbauer and Ehrlich 2005); 
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• road networks (Mrozinski and Cromley 1999, Reibel and Bufalino 2005, Xie 1995, Dobson et 

al. 2000, Schneiderbauer and Ehrlich 2005); 

• topography (Dobson et al. 2000, Schneiderbauer and Ehrlich 2005); 

• nightlights (Dobson et al. 2000, Sutton et al. 1997, Small et al. 2011, Sutton et al 2001, Briggs 

et al. 2007). 

 
Contribution of remote sensing in population downscaling models 
 
When disaggregating population distribution, remote sensing data can provide input proxies 
in three different approaches: 
 

i. Extract the above listed physical features that are then related to the population 

distribution. Physical feature classes can be extracted by manual digitalization and automatic 

or semiautomatic image classifications, based on spectral or textural parameters (Deng et al. 

2010, Liu and Clarke 2002, Yuan et al. 1997, Schneiderbauer and Ehrlich 2005, Holt et al. 

2004, Dong et al. 2010, Lu et al. 2006). 

 

ii. Extract textural or spectral parameters that are not classified in features classes, but are 

used as predictor variables in regression models, at the pixel level (pixel-based approaches) 

(Azar et al. 2010, Li and Weng 2005, Lu et al. 2010, Lo 1995, Wu and Murray 2007). 

 

iii. Combination of aerial interpolations at zones, blocks or land use class levels and regression 

models at the pixel or object level to obtain sub-zones population distributions (Chen 2002, 

Cardenas et al. 2010, Wu et al 2008, Wu et al 2006, Briggs et al. 2007, Harvey 2002). 

 
Satellite data that are used in population modelling are normally optical and with a medium 
resolution; Landsat satellite data are used in most of the applications (Harvey 2002, Li and 
Weng 2005, Chen 2002, Mennis 2003, Yuan et al. 1997, Schneiderbauer and Ehrlich 2005, 
Holt et al. 2004, Lu et al. 2006, Wu and Murray 2007, Mubareka et al.  2008). Few authors 
have used high resolution optical data (Liu and Clarke 2002, Lu et al. 2010, Azar et al. 2010, 
Langford 2007, Lo 1995). Other remote sensing data, from satellite or airborne, employed in 
population modelling include imageries from laser detection systems (LIDAR) (Henderson 
and Xia 1997, Lu et al. 2010, Wu et al. 2006, Cardenas et al. 2010, Dong et al. 2010) and 
light emission data from Meteorological Satellites (Briggs et al. 2007, Dobson et al. 2000, 
Sutton et al 2001, Sutton et al. 1997, Small et al. 2011). 
 
 
Population density maps in Europe 
 
A European dataset of population density distribution (Population density grid of EU-27+, 
version 5) has been produced by the Joint Research Centre (Gallego, 2010) (Figure 6) using 
a dasymetric model (“limiting variable” disaggregation method). The last version of this 
product (Batista and Gallego, 2010) is based on a population dataset at municipality level for 
the reference year of 2006 and on the Corine Land Cover 2006 v.13 (ancillary dataset). The 
map represents population density as inhabitants per square kilometre with a spatial 
resolution of 100 m. At the moment this population density grid is the only open source 
available layer of population density at European scale. A refined version of this European 

population map has also been implemented based on the incorporation of higher resolution 
land use/cover maps such as the Soil Sealing, Urban Atlas, Tele Atlas and SRTM Water 
Bodies Data (Batista e Silva et al., submitted). 
 



Multi-source data integration  

35 

 

Steinnocher (2011) applied the Soil Sealing map of the EEA Fast Track Service Precursor 
on Land Monitoring to disaggregate the population data on NUTS 3 level from 2006. The 
population grid has a spatial resolution of 500m and covers southern Sweden, Denmark, 
Germany, Poland, Czech Republic, Slovak Republic, Austria, Hungary and Italy. 
 
Briggs et al. (2007) applied a dasymetric approach coupling land cover and night-time light 
emission data at the European level (EU-15, excluding Sweden and northern Finland) with 
200 m resolution. 
 
The level of detail of these population density grids is not enough to support risk assessment 
at the local level, in fact they are not intended to derive precise details at the city or sub-city 
level. Ad hoc demographic field data collection or downscaling techniques must therefore be 
performed to address the heterogeneity within municipal districts. 
 
 

 
Figure 4.2- Example of population density disaggreg ated with Corine land cover 2000 for the 
city of Thessaloniki. 
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Appendix A 

A. Method for creating an exposure database 

In Chapter 3 different methods are described to populate a database, containing information 
about buildings and roads. Several techniques, which exploit both optical and radar sensors 
(Wegner et al, 2009), provide useful tools for feature extraction, such as number of storeys, 
building height and footprint. Starting from the footprint, it is possible to create polygons in a 
GIS environment, to associate each polygon to a building and refine the data using other 
information. This kind of database can be insert in a more general context and enhanced 
with other information relevant for risk assessment. 

In this chapter several methods for exposure database creation will be shown in the form of 
examples. For each example are described the aims and are also reported the information 
used for database creation. 

1.1 GLOBAL DATASET USEFUL FOR CREATE AN EXPOSURE DATABA SE 

Although there are many useful data sets in order to create an exposure database, much of 
this information pieces are not directly available, but require some transformations. Moreover 
the access to these data sets is often limited and is not possible to use such information. 
Thanks to their regular data collection, developed countries’ data sets are more often 
available. 

A.1.1 GIS Vector Data  

The GIS (Geographic Information Systems) is a powerful tool, which allows to integrate 
knowledge from multiple sources and create a cross-collaboration environment. 

GIS is an intuitive and cognitive tool and mixes a powerful visualization environment with an 
analytical and modelling framework that has its roots in the science of geography. These 
characteristics provide a science-based technology, reliable and easily transmissible 
between different cultures, social classes, languages and disciplines. 

To support this approach, the GIS has to be seen in three different ways: 

• A GIS is a spatial database and contains data sets that represent geographic information. It 

allows managing vector elements (features), raster images , attributes, topologies, networks, 

etc. 

• A GIS allows building geographic representations (maps) , that show the geographic 

elements (features) and their spatial relationships with the earth's surface. Each GIS has a 

set of two-dimensional (2D) and three-dimensional (3D) applications  that provide the tools 

to interact with geographic information. 

• A  GIS is a set of tools for geographic analysis and information processing. Geoprocessing 

functions allow applying analytic functions and store the results into new datasets. The 
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geoprocessing task allows scheduling and automating workflows through the assembly of 

ordered sequences of operations.  

A.1.1.1 Database of Global Administrative Areas 

GADM, the Database of Global Administrative Areas, is a high-resolution database of 
country administrative areas, with a goal of "all countries, at all levels, at any time period”. 
The database has a few export formats, including shape-files that are used in most common 
GIS applications Although it is a public database, GADM has a higher spatial resolution than 
other free databases, and also higher than commercial software such as ArcGIS. 

A.1.1.2 Geonames 

The GeoNames database contains over 10,000,000 geographical names corresponding to 
over 7,500,000 unique features. Beyond names of places in various languages, data stored 
include latitude, longitude, elevation, population, administrative subdivision and postal 
codes. All coordinates use the World Geodetic System 1984 (WGS84). 

Those data are accessible free of charge through a number of Web services and a daily 
database export. The Web services include direct and reverse geocoding, finding places 
through postal codes, finding places next to a given place. 

A.1.1.3 Global Administrative Units Layer 

The Global Administrative Unit Layers (GAUL) is a spatial database of the administrative 
units for all the countries in the world. It is a project of the Food and Agriculture Organization 
(FAO) of the United Nations. 

The GAUL aims at compiling and disseminating the most reliable spatial information on 
administrative units for all the countries in the world, providing a contribution to the 
standardization of the spatial dataset representing administrative units. The GAUL always 
maintains global layers with a unified coding system at country, first (e.g. regions) and 
second administrative levels (e.g. districts). In addition, when data is available, it provides 
layers on a country-by-country basis down to third, fourth and lower levels. The overall 
methodology consists of a) collecting the best available data from most reliable sources, b) 
establishing validation periods of the geographic features (when possible), c) adding 
selected data to the global layer based on the last country boundaries map provided by the 
UN Cartographic Unit (UNCS), d) generating codes using the GAUL Coding System and e) 
distribute data to the users.  

Because the GAUL works at global level, controversial boundaries can not be ignored. The 
approach of the GAUL is to maintain disputed areas in such a way to preserve national 
integrity for all disputing countries. The coastal line of the GAUL is mostly compliant with the 
coast of the International Boundary map delivered by UNCS except for some countries (e.g. 
Viet Nam, India, Bangaldesh, etc.) where it has been updated according to the satellite 
images (e.g. Landsat ETM).  
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The GAUL is released once a year and the target beneficiary of the GAUL data is the UN 
community, the Universities and other authorized international and national 
institutions/agencies. Data might not be officially validated by authoritative national sources 
and cannot be distributed to the general public. A disclaimer should always accompany any 
use of the GAUL data.  

The GAUL keeps track of administrative units that has been changed, added or dismissed in 
the past for political causes. Changes implemented in different years are recorded in the 
GAUL on different layers. For this reason the GAUL product is not a single layer but a group 
of layers, named "GAUL Set". 

A.1.1.4 Global Roads Open Access Data Sets 

A consortium of groups, led by International Council for Science's Committee on Data for 
Science and Technology (ICSU-CODATA) Global Roads Data Development Working Group, 
is developing a digital, public domain global road map under the name Global Roads Open 
Access Data Set (gROADS). gROADS will be: 

• globally consistent (in terms of the underlying data model and attribute coding); 

• spatially accurate (~50m positional accuracy); 

• topologically integrated; 

• suitable for mapping at an approximate scale of 1:250,000; 

• focused on roads between settlements (not streets); 

• up-to-date and with the possibility of frequent updates; 

• well documented; and 

• freely distributed (on an "attribution only" basis). 

The gROADS initiative is sponsored by CODATA, is an approved task of the UN-GAID e-
SDDC (UN Global Alliance on ICT for Development Open Access to and Application of 
Scientific Data in Developing Countries), and is endorsed by the Global Spatial Data 
Infrastructure Association (GSDI) and GISCorps of the Urban and Regional Information 
Systems Association (URISA). In addition, the roads data development activity has also 
been listed as sub-task EC-09-02(a), "Human Dimension of Ecosystem Utilization and 
Conservation," of the Group on Earth Observations (GEO) 2009-2011 Work Plan. Finally, 
gROADS is linked into the United Nations Spatial Data Infrastructure (UNSDI) through its 
adoption of the UNSDI-Transport (UNSDI-T) data model. 

A.1.1.5 Global Rural-Urban Mapping Project-Human Settlement Points 

The Global Rural-Urban Mapping Project (GRUMP) consists of estimates of human 
population for the years 1990, 1995, and 2000 by 30 arc-second (1km) grid cells and 
associated datasets dated circa 2000. The data products include population count grids (raw 
counts), population density grids (per square km), land area grids (actual area net of ice and 
water), mean geographic unit area grids, urban extents grids, centroids, a national identifier 
grid, national boundaries, coastlines, and settlement points.  

These products vary in GIS-compatible data formats and geographic extents available 
(global, continent [Antarctica not included], and country levels). A proportional allocation 



Appendix A  

46 

 

gridding algorithm, utilizing more than 1,000,000 national and sub-national geographic units, 
is used to assign population values to grid cells.  

Additional global grids were created from the 30 arc-second grid at 1/4, 1/2, and 1 degree 
resolutions. (Spatial reference metadata refers to global extent, 30 arc-second resolution.)  

The dataset is produced by the Columbia University Center for International Earth Science 
Information Network (CIESIN) in collaboration with the International Food Policy Research 
Institute (IFPRI), The World Bank, and Centro Internacional de Agricultura Tropical (CIAT). 
The purpose is to allow analysis of urban and rural population figures based on a consistent 
global data set. The data are available from the Socioeconomic Data and Applications 
Center (SEDAC) in American Standard Code for Information Interchange (ASCII), 
ARC/INFO Grid, Band Interleaved by Line (BIL), Comma Separated Value (CSV), Microsoft 
Excel (XLS), ESRI Shapefile (SHP), and Portable Document (PDF) formats via direct 
download 

A.1.1.6 Natural Earth 

Natural Earth is a public domain map dataset available at 1:10m, 1:50m, and 1:110 million 
scales. Featuring tightly integrated vector and raster data, with Natural Earth you can make 
a variety of visually pleasing, well-crafted maps with cartography or GIS software. 

Natural Earth was built through a collaboration of many volunteers and is supported by 
NACIS (North American Cartographic Information Society), and is free for use in any type of 
project (see our Terms of Use page for more information). 

A.1.1.7 Open Street Map 

OpenStreetMap (OSM) is a collaborative project dedicated to creating and providing 
geographic data, such as street maps, worldwide, for free.  

The OSM project was started originally because most maps considered "free" actually have 
legal or technical restrictions on their use. In the view of OSM, these restrictions hold back 
anyone from using them in creative, productive or unexpected ways.  

Today, the more than 320,000 contributors to OpenStreetMap create geographic data in a 
number of ways. Most important is acquiring original data. To do this, contributors use GPS, 
cameras and their own observations to record the precise locations of roads, buildings, 
amenities, services, etc. Often, they are creating maps entirely from scratch. The other way 
they contribute to OSM is by correcting existing data. In some areas (particularly in the 
United States) there is existing open licensed map data that has been imported into 
OpenStreetMap, but this data may be inaccurate or out of date. Contributors use local 
knowledge and aerial images to correct and refine the accuracy of this data.  

To get this data into the maps, OSM provides online map-editing tools for uploading to 
OSM's huge (and growing daily) database. That data is then processed and will show up 
within minutes on the detailed street-level maps.  

The core value of OpenStreetMap.org is that these maps can be published freely on Web 
sites, or printed and copied without restriction. The underlying data can be downloaded for 
free, for developers to use or redistribute in new and exciting ways.  
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A.1.1.8 Vector Map Level 0 

The Vector Map (VMAP), also called Vector Smart Map, is a vector-based collection of 
Geographic information system (GIS) data about Earth at various levels of detail. Level 0 
(low resolution) coverage is global and entirely in the public domain. Level 1 (global 
coverage at medium resolution) is only partly in the public domain. 

Level 0 provides worldwide coverage of geo-spatial data and is equivalent to a small scale 
(1:1,000,000). The data are offered either on CD-ROM or as direct download, as they have 
been moved to the public domain.  

A.1.2 Remote Sensing and Raster Fusion Data Set 

Satellite remote sensing data, in addition to Geographic Information Systems (GIS), offers 
an excellent alternative to conventional mapping techniques in monitoring and mapping of 
geo-hazards areas. 

Moreover while Vector data sets are largely dependent on data collected from the ground, 
remote sensing database are collected from the air and thus are less susceptible to bias. 

A.1.2.1 Land cover 

Land cover is the physical material at the surface of the earth. Land covers include grass, 
asphalt, trees, bare ground, water, etc. This kind of data can divide rural areas from urban 
areas, which is the first step to localize exposure. 

A.1.2.1.1 Global Land Cover 2000 

The Global Vegetation Monitoring Unit carries out several activities related to Land Cover 
mapping and monitoring.  

In particular the GVM Unit is coordinating and implementing the Global Land Cover 2000 
Project (GLC 2000) in collaboration with a network of partners around the world.  

The general objective is to provide for the year 2000 a harmonized land cover database over 
the whole globe. The year Two Thousand is considered as a reference year for 
environmental assessment in relation to various activities, in particular the United Nation's 
Ecosystem-related International Conventions.  

To achieve this objective GLC 2000 makes use of the VEGA 2000 dataset: a dataset of 14 
months of pre-processed daily global data acquired by the VEGETATION instrument on 
board the SPOT 4 satellite, made available through a sponsorship from members of the 
VEGETATION programme, including JRC.  

 

 

A.1.2.1.2 GlobCover 

The GLOBCOVER project aims at producing a global land cover map to a resolution three 
times sharper than any previous satellite map. It will be a unique representation of the face 
of our planet in 2005, broken down into more than 20 separate land cover classes.  
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The completed GLOBCOVER map will have numerous uses, including plotting worldwide 
land use trends, studying natural and managed ecosystems and modeling climate change 
extent and impacts.  

Envisat's Medium Resolution Imaging Spectrometer (MERIS) instrument is being 
systematically used in Full Resolution Mode for the project, acquiring images with a spatial 
resolution of 300 meters, with an average 150 minutes of acquisitions occurring daily. 

The estimate is that up to 20 terabytes of imagery will be needed to mosaic together the final 
worldwide GLOBCOVER map – an amount of data equivalent to the contents of 20 million 
books. The image acquisition strategy is based around regional climate patterns to minimize 
cloud or snow cover. Multiple acquisitions are planned for some regions to account for 
seasonal variations in land cover.  

A.1.2.1.3 Historical Database of the Global Environment (HYDE)-Land Use 

The HYDE database is developed under the authority of the Netherlands Environmental 
Assessment Agency. HYDE presents (gridded) time series of population and land use for the 
last 12,000 years. It also presents various other indicators such as GDP (Gross Domestic 
Product), value added, livestock, agricultural areas and yields, private consumption, 
greenhouse gas emissions and industrial production data, but only for the last century. 

A.1.2.1.4 MODIS 500 

The MODIS 500-m global map of urban extent was produced by Annemarie Schneider at the 
University of Wisconsin-Madison, in partnership with Mark Friedl at Boston Univeristy and 
the MODIS Land Group. The goal of this project was generate a current, consistent, and 
seamless circa 2001-2002 map of urban, built-up and settled areas for the Earth’s land 
surface. This work builds on previous mapping efforts using Moderate Resolution Imaging 
Spectroradiometer (MODIS) data at 1-km spatial resolution, which was included as part of 
the MODIS Collection 4 (C4) Global Land Cover Product. Here are addressed the 
weaknesses in the first map as well as several limitations of contemporary global urban 
maps by developing a methodology that relies solely on newly released Collection 5 (C5) 
MODIS 500-m resolution data. Specifically, a supervised decision tree classification 
algorithm was used to map urban areas using region-specific parameters. 

A.1.2.2 Population 

When building data are not available, the combination between population data and vector 
demographic data will play a crucial role for number of building estimation., For example is 
possible to exploit the GRUMP or the HYDE database described before. 

A.1.2.2.1 Gridded Population of the World 

Global Population of the World (GPW) translates census population data to a latitude-
longitude grid so that population data may be used in cross-disciplinary studies. There are 
three data files with this data set for the reference years 1990 and 1995. Over 127,000 
administrative units and population counts were collected and integrated from various 
sources to create the gridded data. 

In brief, GPW was generated using the following steps:  
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• Population data were estimated for the product reference years, 1990 and 1995, either by 

the data source or by interpolating or extrapolating the given estimates for other years.  

• Additional population estimates were created by adjusting the source population data to 

match UN national population estimates for the reference years.  

• Borders and coastlines of the spatial data were matched to the Digital Chart of the World 

where appropriate and lakes from the Digital Chart of the World were added.  

• The resulting data were then transformed into grids of UN-adjusted and unadjusted 

population counts for the reference years.  

• Grids containing the area of administrative boundary data in each cell (net of lakes) were 

created and used with the count grids to produce population densities.  

As with any global data set based on multiple data sources, the spatial and attribute 
precision of GPW is variable. The level of detail and accuracy, both in time and space, vary 
among the countries for which data were obtained. 

A.1.2.2.2 Landscan 

Landscan is a unique global population database, it measures the ambient population unlike 
the previously mentioned global population databases, which are based on static population 

A.1.2.3 Indication of Development Intensity 

These kind of indicators try to indicate the degree of urbanization. The Night-time Lights of 
the World dataset contains the first satellite-based global inventory of human settlements, 
derived from night-time data from the Defense Meteorological Satellite Program (DMSP) 
Operational Linescan System (OLS). The DMSP-OLS has the unique capability to observe 
faint sources of visible-near infrared emissions present at the Earth's surface, including 
cities, towns, villages, gas flares and fires. NGDC has developed algorithms for producing 
georeferenced fire and night-time lights products. 

A.1.3 Demographic 

When global building exposure database are unavailable, demographic data is fundamental 
for regional exposure assessment. In fact, combining the number of people per household 
and number of households per building, is possible to estimate the number of residential 
structures. 

A.1.3.1 Demographic and Health Surveys Data 

The Measure Demographic and Health Surveys (DHS) Project is responsible for collecting 
and disseminating accurate, nationally representative data on health and population in 
developing countries. The project is implemented by Macro International, Inc. and is funded 
by the United States Agency for International Development (USAID) with contributions from 
other donors such as UNICEF, UNFPA, WHO, and UNAIDS. 

The DHS is highly comparable to the Multiple Indicator Cluster Surveys and the technical 
teams developing and supporting the surveys are in close collaboration. 
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The Demographic and Health Surveys (DHS) program has collected, analysed, and 
disseminated accurate and representative data on population, health, HIV, and nutrition 
through more than 260 surveys in over 90 countries. 

A.1.3.2 Living Standard Measurement Survey Data 

The Living Standards Measurement Study (LSMS) was established by the Development 
Research Group (DECRG) to explore ways of improving the type and quality of household 
data collected by statistical offices in developing countries. Its goal is to foster increased use 
of household data as a basis for policy decision-making. Specifically, the LSMS is working to 
develop new methods to monitor progress in raising levels of living, to identify the 
consequences for households of past and proposed government policies, and to improve 
communications between survey statisticians, analysts, and policy makers. 

A.1.3.3 Multiple Indicator Cluster Surveys Data 

The Multiple Indicator Cluster Surveys (MICS) are a survey program developed by the 
United Nations Children's Fund to provide internationally comparable, statistically rigorous 
data on the situation of children and women. The first round of surveys (MICS1) was carried 
out in over 60 countries in 1995 in response to the World Summit for Children. A second 
round (MICS2) in 2000 increased the depth of the survey, allowing monitoring of multiple 
indicators. A third round (MICS3) started in 2006 and aimed at producing data measuring 
progress toward the Millennium Development Goals, A World Fit for Children, and other 
major relevant international commitments. The fourth round, launched in 2009, aims at most 
data collection conducted in 2010. This represents a scale-up of frequency of MICS from 
UNICEF, now offering the survey programme on a three-year cycle. 

The MICS is highly comparable to the Demographic and Health Survey and the technical 
teams developing and supporting the surveys are in close collaboration. 

A.1.3.4 Population and Population Density Estimates 

The Population Division of the UN Department of Economic and Social Affairs, is responsible 
for monitoring and appraisal of the broad range of areas in the field of population. Its main 
purposes are: 

• support and serve intergovernmental bodies, in  preparing high-quality documentation, 

analytical work and facilitation of consensus-building and policy development 

• facilitate access by Governments to information on population trends and their 

interrelationships with social and economic development 

• collect, analyze and distribute national population information 

• enhance coordination and cooperation between the organizations of the United Nations 

system 

• distribute electronic population information 
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A.1.3.5 Population and Housing Census Data 

The website of the 2010 World Population and Housing Census Programme facilitates the 
international exchange and sharing of knowledge and information on census taking, as well 
as provision of guidance to countries, and monitoring progress on the implementation of the 
Programme.  

The website presents practical information and guidelines on census methodology and on 
best practices to help countries plan and carry out a census, as well as an up-to-date 
account of national census taking activities and of provision of support to countries in the 
implementation of the census round.  

The website also provides information on national, regional and international activities 
related to the 2010 World Programme. A major component of the website is the census 
knowledge base that is a repository of documents on census methodology, including reports 
on what has been done by countries during their censuses. 

A.1.3.6 UN-HABITAT Data 

The Global Urban Observatory (GUO) addresses the urgent need to improve the world-wide 
base of urban knowledge by helping Governments, local authorities and organizations of the 
civil society develop and apply policy-oriented urban indicators, statistics and other urban 
information.  

The GUO was established by UN-HABITAT in response to a decision of the United Nations 
Commission on Human Settlements, which called for a mechanism to monitor global 
progress in implementing the Habitat Agenda and to monitor and evaluate global urban 
conditions and trends. The GUO works closely with Best Practices and Local Leadership 
programme (BLP) which was established to make use of information and networking in 
support of the Habitat Agenda Implementation.  

Both programmes operate under the Monitoring Systems Branch, which has the overall 
mandate to monitor progress on the Habitat Agenda and the Millenium Development Goals. 

A.1.3.7 United Nations Statistics Division Data 

The Statistics Division's main functions are:  

1. the collection, processing and dissemination of statistical information;  

2. the standardization of statistical methods, classifications and definitions;  

3. the technical cooperation programme;  

4. the coordination of international statistical programmes and activities.  

To carry out these functions, it: 

• provides a global centre for data on international trade, national accounts, energy, industry, 

environment and demographic and social statistics gathered from national  

and international sources  
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• promotes international standards of methods, classifications and definitions used by 

national agencies  

• assists Member States, at their request, to improve their statistical services by giving advice 

and training  

• coordinates international statistical programmes and activities entrusted to the Division by 

the United Nations Statistical Commission and the Committee for the Coordination  

of Statistical Activities (CCSA)  

• provides input and secretarial support to the United Nations Statistical Commission  

• facilitates the monitoring of progress toward the Millennium Development Goals (MDG) by 

leading the Interagency and Expert Group on MDG indicators and maintaining the global 

MDG indicator database  

• promotes modern surveying and mapping techniques as a tool for growth and development  

A.1.3.8 Urban Development Data 

Cities can be tremendously efficient. It is easier to provide water and sanitation to people 
living closer together, while access to health, education, and other social and cultural 
services is also much more readily available. However, as cities grow, the cost of meeting 
basic needs increases, as does the strain on the environment and natural resources. Data 
on urbanization, traffic and congestion, and air pollution are from the United Nations 
Population Division, World Health Organization, International Road Federation, World 
Resources Institute, and other sources. 

A.1.3.9 Urban Population 

Urban population refers to people living in urban areas as defined by national statistical 
offices. It is calculated using World Bank population estimates and urban ratios from the 
United Nations World Urbanization Prospects. 

A.1.3.10 Global Poverty Data 

The Global Poverty Mapping Project seeks to enhance current understanding of the global 
distribution of poverty and the geographic and biophysical conditions of where the poor live. 
Additionally, the project aims to assist policy makers, development agencies, and the poor 
themselves in designing interventions to reduce poverty. 

A.1.3.11 Regional Level Population Dataset 

Almost each country, has its own national institute for statistics, which produce and 
communicate high-quality statistical information, analyses and forecasts:  

• ISTAT (Italy): Is the Italian National Institute of Statistics and it’s a public organization. The 

aim of ISTAT is develop detailed knowledge of Italy's environmental, economic and social 
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dimensions at various levels of geographical detail and assists all members of society 

(citizens, administrators, etc.) in decision-making processes. The datasets produced by ISTAT 

are collections of data published at irregular intervals. They are generally produced after a 

survey, as a preliminary form of publication of the data produced. 

• ONS (UK): Office for National Statistics is the executive office of the UK Statistics Authority. 

The aim of ONS is producing  and publishing a wide range of the information about UK, that 

can be exploited for social and economic policy-making as well as understanding population 

evolves over time. Both its publications and its publicly-available raw data, are available  for 

free. 

• INSEE (France): France's National Institute of Statistics and Economic Studies  is a Directorate 

General of the Ministry of the Economy, Finance, and Industry. INSEE collects the data 

needed to compile quantitative results. It produces censuses and surveys, manages 

database. 

• Federal Statistical Office (Germany): The Federal Statistical Office of Germany is a federal 

authority. It collects, process, presents and analyzes statistical information about economy, 

society and environment, in order to provide objective, independent and highly qualitative 

statistical information for the whole public.  

4.3 REGIONAL DATA SETS 

Regional data sets usually report both natural and human-made environment in a  GIS or 
raster coverage such as: 

• land use 

• political jurisdictions 

• soils 

• elevation 

This data may be useful for national studies and can be integrated on a nation-by-nation 
basis. 

A.1.4 CORINE Land Cover 

Already mentioned in paragraph 3.1.1 and paragraph 4.2.1 

A.1.5 EEA Fast Track Service Precursor on Land Monitoring – Degree of soil sealing 100m 

Seamless European mosaic of: 

• Updated raster dataset containing the degree of imperviousness ranging from 0 - 100% in 

full spatial resolution (20 x 20 m) with the associated metadata. 

• Updated raster dataset containing the degree of imperviousness ranging from 0 - 100% in 

aggregated spatial resolution (100 x 100 m) with the associated metadata - see averaging 

methodology below. 

• Updated raster dataset of 100 x 100 m cells; cell values represent the number of valid 

“sealed” 20 x 20 m cells within one 100 x 100 m cell with the associated metadata. 
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• Raster dataset with the identification of updated areas (20mx20m)  

• Raster dataset with the removed pixels belonging to class 1.3.x (20mx20m) 

See also paragraph 4.2.1 

A.1.6 USGS Land Cover institute 

The U.S. Geological Survey Land Cover Institute provides a focal point for advancing USGS 
land cover studies and applications.  

LCI’s primary mission is to: 

• collect and analyze land cover data and application  

• conduct periodic seminars and workshops focused on developing innovative and creative 

ideas and strategic plans to address land cover research issues. 

• provide extension services, technical assistance, data, and information to  LCI partners and 

the public. 

Satellite images and other remotely sensed data are widely used in this research, land cover 
scientists investigate new methods in order to exploit satellite images and other data to map 
land cover. They assess national and global land cover characteristics and monitor how—
and how rapidly—land cover changes, they also study the economic impacts of land cover. 

A.1.7 European Urban Atlas 

Already mentioned in paragraph 3.1.1  

A.1.8 Africover 

The Africover Project developed a combined approach to promote the sustainable use of 
natural resources: 

• Use of remote sensing and geographic information system technologies for natural resource 

as recommended by Agenda 21 and the last WSSD. 

• Development of a innovative land cover classification methodology, now adopted by FAO 

and UNEP as the standard land cover classification system: a new way to store information 

and liberate it in a flexible way to answer user needs. 

• Capacity building and participation of the member countries: after a training on the 

Africover methodology and tools, the national remote sensing and GIS officers selected by 

the national focal point institutions (NFPI) develop the country databases with the support 

of the Project. Special training is provided to reinforce the capacities in using and 

maintaining the data bases.  

• Spatial Data Infrastructure (SDI) compliance: standards adopted, policies for the distribution 

developed, maintenance and access to the data ensured and data custodianship guidelines 

published to assure that data will be considered a public good available to any end user 

interested. 
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• Building Partnership and Alliances for a detailed, homogeneous global land cover serving the 

needs of different user communities created the conditions for the launch of the FAO-UNEP 

Global Land Cover Initiative.  

A.1.9 Multi-hazard Loss Estimation Methodology 

HAZUS is a nationally-applicable software developed by FEMA, under a contract with the 
National Institute of Building Sciences (NIBS). The aim of HAZUS is to estimate potential 
losses from earthquakes, floods and hurricanes, exploiting state-of-the-art scientific and 
engineering knowledge and software architecture. 

HAZUS provides an essential support for decision-making at all levels of government, and its 
results are exploited developing mitigation plans and policies, emergency preparedness, and 
response and recovery planning.  

Newest HAZUS versions exploit ESRI’s GIS software (ArcGIS9.2 SP4) in order to map and 
display hazard data, the results of damage and economic loss estimates for buildings and 
infrastructure, and the effects on populations. Furthermore, HAZUS uses Microsoft SQL 
Server 2005 Express Edition in order to manage data. In this way, is possible to interchange 
HAZUS data with other emergency management tools and can be potentially operable from 
the Internet.  

4.4 COMMERCIAL DATABASES 

A.1.10 Emporis 

Emporis is a global provider of building-related information, it collects data on buildings of 
high public and economic value, connects them with involved companies, and sets 
standards for this information. Products include building intelligence, image licensing, 
premium company and online advertising, and are used by customers from building 
industries and other sectors.  

Emporis is one of the most respected and widely used sources for research, ratings and 
analysis of building data. A large number of users around the globe access and submit 
information about structures daily. Emporis is the driving force behind making building data 
universally accessible and useful while providing a remarkably high quality of information, 
around the clock and in real time.  

A.1.11 Marshall and Swift 

Marshall & Swift provides the building cost data necessary for real estate cost valuations and 
is widely considered the authority on the cost approach. The company features a 
comprehensive product suite of traditional cost manuals, specialty publications and software 
solutions, and serves nearly 100,000 customers - a diverse range of professionals that 
includes commercial, residential, high-value, agricultural and review appraisers, as well as 
lending institutions. 
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A.1.12 Dun & Bradstreet 

Dun & Bradstreet maintains a database of over 150 million companies globally and over 53 
million professional contact names using a variety of sources including public records, trade 
references, telco providers, newspapers and publications, telephone interviews and others.  

The company derives revenues through subscriptions as well as pay per business report, 
and to a smaller extent, third-party licensing agreements. 

A.1.13 Hoveers 

Hoover's, Inc., a subsidiary of Dun & Bradstreet, is a business research company that has 
provided information on U.S. and foreign companies and industries since 1990.  

Hoover's maintains a database of 66 million companies and 85 million people using an in-
house editorial staff of industry experts. The company derives most of its revenues from 
subscriptions, which are sold primarily to sales, marketing, and business development 
professionals. It provides less-detailed company, industry, and executive information to non-
subscribers. Hoover's also publishes analytical features through its Hoover's Index pages, 
and its Bizmology and BIZ blogs. 

Besides publishing information on its website and in its books, the company distributes 
information via data feeds and third-party licensing agreements. Hoover's is headquartered 
in Austin, Texas and also has employees in North America, Europe, and Asia. 

Hoover's is a subsidiary of D&B (Dun & Bradstreet) and receives a monthly feed of D&B's 
global marketable file. 

 

 

  


