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Preface 

It is a great pleasure to welcome all to this specially coordinated event combining two 

major international conferences on earthquake engineering:  

The Ninth International Conference on Urban Earthquake Engineering (9CUEE) and 

The Fourth Asia Conference on Earthquake Engineering (4ACEE). 

This year’s CUEE annual conference is thus of particular significance as being organized 

in conjunction with the ACEE, which itself conjoins the Association of Structural 

Engineers of the Philippines, the Asian Institute of Technology, and the Engineering 

Institute of Thailand. As has now become the custom, Pacific Earthquake Engineering 

Research Center (PEER), our U.S.-based collaborator, joins in this event in the capacity 

of a major sponsor. 

The 9th CUEE forms an integral part of the research activities of the Center for Urban 

Earthquake Engineering (CUEE), Tokyo Institute of Technology. CUEE is the Global 

Center of Excellence (COE) in the field of earthquake engineering, supported by the 

Japan Ministry of Education, Culture, Sports, Science and Technology. The CUEE 

Conference has been convened annually, since fiscal year 2003 under two consecutive 

COE programs. The current program aims not only to promote research on all aspects 

of mitigating the seismic mega-risk facing modern cities in earthquake regions 

throughout the world, but seeks to encourage next-generation practitioners and 

researchers who themselves must develop forthcoming strategies and practices for 

seismic risk reduction. This conference will foster and stimulate intensive information 

dissemination and technology transfer, all in promoting and extending an international 

network directed toward the formation of younger researchers through sustained 

international collaborative effort. 

The 4th ACEE will comprise the Association of Structural Engineers of the Philippines 

Inc. (ASEP), the Asian Institute of Technology (AIT), and the Engineering Institute of 

Thailand (EIT). Since the 1st ACEE held in Manila, Philippines, in 2004, the conference 

has been addressing "Seismic Hazards and Damage Mitigation in the Asian Region" by 

providing an excellent forum that brings together Asian researchers, professionals, 

engineers, scientists, and academics to promote and exchange new ideas and 



experiences in the broader fields of seismology, earthquake engineering, seismic risk, 

and disaster mitigation. 

We, the joint organizers of the 9CUEE and 4ACEE, are excited by the opportunity to 

combine the two conferences. This year the Joint Conference affords a platform not 

only to share overall common interests, as well as new information and technologies in 

the field of urban earthquake engineering, but also to make research and educational 

outcomes available while implementing an ever strengthening worldwide network for 

earthquake engineering.  

The Joint Conference gives special prominence to Keynote Talks on various themes 

reflecting state-of-the-art developments in urban earthquake engineering, followed by 

about 300 presentations in parallel sessions, and this year will also include a blind 

analysis contest of an E-defense shaking table test. We will also feature, as the 

conference has done each year, Special Educational Sessions and Best Presentation 

Awards for Young Researchers. Some one hundred papers will be given in these 

sessions. To facilitate conference participation of this younger generation, Travel 

Grants have been awarded this year again to some fifty individuals. 

Special sessions are also planned on the 11th March 2011 Great East Japan 

Earthquake, in observance of the first anniversary of the event that resulted in 

catastrophic damage in northeast Japan and a death toll of about 20,000. We wish to 

extend sincere sympathy to those who experienced this tragedy, while vowing to work 

toward the future mitigation of such occurrences and resultant loss of life. We believe 

it is enormously important and useful to exchange and share the lessons learned in the 

year since this catastrophic earthquake. Our hope is that the 9CUEE & 4ACEE Joint 

Conference will be an excellent opportunity for all of us dedicated to urban earthquake 

engineering. 

 

Kohji Tokimatsu 

Global-COE Program Leader and Director of CUEE/ Tokyo Tech 
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Abstract:  In the context of disaster risk management and in particular for exposure and impact assessments modeling, 
input data quality, both in terms of the degree of spatial and thematic accuracy and reliability, is one of the most important 
factors. Especially in an urban setting, mapping and analysis of population exposure is crucial for the assessment of the 
social dimension of vulnerability and is usually considered the starting point. Integration of social structure and varying 
aspects of resilience would then further differentiate situation-specific vulnerability patterns on a local scale. Census data 
available in inhomogeneous spatial reference units are considered the standard information input for assessing potentially 
affected people, e.g. in case of an emergency. Raster representations meet the existing strong demand on population data 
that are independent from administrative areas but are not yet available globally in both spatial and thematic consistency. 
In this paper we will thus explore multi-level geospatial information available from global to local scales and featuring 
varying temporal characteristics and also highlight recent technology-driven developments. We will provide an overview 
of concepts and applications in the social vulnerability domain, illustrating the varying scales and dimensions and the 
related implications considered in an urban earthquake context. 

 
 
1.  INTRODUCTION 
 

Integrated disaster risk management is much more 
than the immediate emergency response actions following a 
catastrophic incident. In many projects dealing with crisis 
management the main focus has been on the phase starting 
at the point when an unwanted event happens and lasting 
until the activities return to normal routines (i.e., ad hoc 
reaction rather than proactive mitigation). There has been 
less emphasis on the other phases of the disaster 
management cycle including risk analysis as well as 
prevention and preparedness, even though related aspects 
have a strong influence on the general status of a society and 
its citizens. Especially the potential of a crisis to escalate into 
a large-scale disaster is heavily dependent on the overall 
level of preparedness as well as on the planning of 
mitigation and response actions and their timely execution. 

Response and mitigation preparations considering 
multi-level and multi-dimensional influencing factors as 
well as space-time-dependencies reduce impacts to social 
systems and in addition reduce the overall time for recovery. 
In the context of particularly large-scale disasters there is a 
clear indication that proper planning and preventive actions 
could have at least decreased the possibility of the crisis to 
escalate (e.g., 2004 South-East Asia Tsunami). Furthermore, 
there are also indications to obvious general failures in 
implementing proper emergency response systems and 
applying lessons-learnt from major disasters such as 

Hurricane Katrina or the recurrent Mediterranean forest fires. 
In modern societies it is considered rational to expect that 
decision-makers do everything to avoid disasters that affect 
the societies’ individual members and even their function 
and prosperity as a whole. However, as the course of events 
of many both natural and technological disasters has recently 
demonstrated, these efforts often fail. Besides a set of other 
influencing factors, particularly the lack of a preventive 
attitude at many levels (e.g., regional/international, 
personal/political) has been identified as essential in 
contributing to this failure (Xanthopoulos 2007). Therefore, 
among the most important elements in mitigating crisis 
impacts are proper planning and related multi-sectoral 
cooperation. There is a need for multi-level geospatial 
information to support improved decision-making and 
enable modeling of crisis scenarios and impacts on social 
systems, according to chosen prevention and response 
actions. 

Vulnerability describing the status of a society with 
respect to an imposed hazard or potential impact is 
considered a strongly multidisciplinary concept and 
comprises various dimensions such as social, cultural, 
physical, and structural. A central objective of vulnerability 
assessment is to provide indications where, when, and how 
people and associated assets might be affected by a certain 
impact, including its aftermath. Results should provide 
decision- and policy-makers with supporting information to 
target response and mitigation actions adequately. 
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For assessment of the social dimension of 
vulnerability, mapping and analysis of population exposure 
forms an important part and is usually considered the 
starting point. Integration of social structure and varying 
aspects of resilience would then further differentiate 
situation-specific vulnerability patterns on a local scale. In a 
disaster risk management context, assessment of human 
vulnerability has generally been lagging behind hazard 
analysis efforts. Accurately estimating population exposure 
including spatio-temporal aspects is a key component of 
catastrophe loss modeling, one element of effective 
integrated risk analysis and emergency management. This 
paper will provide an overview of concepts and applications 
in the social vulnerability domain, highlighting the varying 
scales and dimensions and the related implications 
considered in an urban earthquake context. 
 
 
2.  MULTI-LEVEL GEOSPATIAL INFORMATION 
FOR HUMAN EXPOSURE AND VULNERABILITY 
MAPPING 
 

In the context of disaster risk management and 
particularly for exposure and impact assessments the quality 
of available input data both in terms of spatial and thematic 
accuracy and reliability is one of the most important factors. 
Census data available in inhomogeneous spatial reference 
units are considered the standard information input for 
assessing potentially affected people, e.g. in case of an 
emergency. However, there is a strong demand on 
population data that are independent from administrative 
areas. Raster representations meet this demand but are not 
yet available globally in both spatial and thematic 
consistency. Re-allocating aggregated population counts 
from administrative areas to a regular grid requires spatial 
interpolation methods such as dasymetric mapping. This 
method applies ancillary data do disaggregate coarse 
population data to effective residential areas on a finer 
resolution. Land Use/Land Cover (LULC) maps are often 
used as a basis for the disaggregation process in that regard 
(Eicher and Brewer 2001, Mennis and Hultgren 2006, 
Langford 2007). 

For applications on a super-regional level, rather coarse 
scale raster data on population patterns are mostly well 
suited, but for sub-regional analyses representations on 
higher spatial resolution are required, i.e. fine scale 
population grids which eventually go down to basic building 
level. Information on functional relationships in urban and 
suburban environments as well as high-level population 
distribution information is often not quickly available in case 
of emergency. Rapid mapping concepts mostly rely on Earth 
Observation data from different sensors as e.g. provided by 
the International Charter Space and Major Disasters 
(www.disasterscharter.org, last accessed on 01/31/2012). 
Improving the usability of satellite derived products and 
improving the benefits of satellite data for disaster 
management support in general is still subject to ongoing 
research (Buehler and Kellenberger 2007). 

 
Figure 1  Compilation of global-scale datasets on 

population density (GPWv3) and EQ hazard distribution 
(peak ground acceleration and frequency) for Japan 

(Source: NASA Socioeconomic Data & Applications Center, 
CIESIN/Columbia University, 2012). 
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2.1  Super-regional to global scale 
Figure 1 shows a comparison of selected global scale 

datasets on population distribution and earthquake hazard 
patterns. For an overview of broad-scale approaches to 
population distribution modeling, Balk et al. (2006) 
presented a list of datasets all focusing on representing 
resident population based on the highest resolution input 
data available. The first and least complex dataset is the 
Gridded Population of the World (CIESIN & CIAT 2004) 
representing the spatial distribution of human populations 
across the globe. “The Global Demography Project” (Tobler 
et al. 1997) can be considered the first major effort in that 
regard. Produced at the National Center for Geographic 
Information Analysis (NCGIA) in 1995 this first version of 
GPW was sort of a precursor for the subsequent series of 
approaches to consistently map population on a global scale. 
The current third edition of this broad-scale data product 
(GPWv3) aims at providing a spatially disaggregated 
population layer that is compatible with datasets from social, 
economic, and Earth science fields. The output shows the 
distribution of human population converted from national or 
sub-national spatial units (usually administrative units) of 
varying resolutions, to a series of geo-referenced grids at a 
resolution of 2.5 arc minutes (Deichmann et al. 2001). 
Population data estimates are available for the period 
1990-2015 by quinquennial years with estimates for 2005, 
2010, and 2015 produced in collaboration with the United 
Nations Food and Agriculture Programme (FAO) as ‘GPW: 
Future Estimates’ (Balk et al. 2005a). 

The Global Rural-Urban Mapping Project 
(GRUMP) provides a new suite of data products that add 
rural-urban specification to GPWv3, hence featuring an 
increased level of complexity (Balk et al. 2005b). This 
project emerged out of a need for researchers to be able to 
distinguish population spatially by urban and rural areas 
(Montgomery et al. 2003). There is however no single 
definition of what makes an area “urban”. Balk (2009) 
points out the United Nations World Urbanization Prospects 
(UN 2006) which identifies each country’s definition of the 
term “urban” where criteria include a variety of population 
size or density thresholds associated with administrative 
areas, capital cities, and combinations thereof. The central 
data product resulting from GRUMP (current status: 
Version 1, GRUMPv1) is a ‘Gridded Population of the 
World with Urban Reallocation’ in which spatial and 
population data of both administrative units and urban 
extents are gridded at a resolution of 30 arc-seconds (i.e. 
25-fold higher resolution compared to GPW). 

As stated above, methods such as dasymetric mapping 
rely on ancillary data for spatially disaggregating available 
coarse scale population data to effective residential areas on 
a finer resolution. Mostly Land Use/Land Cover (LULC) 
maps are used in that regard, e.g. on a European scale 
CORINE land cover data (CLC) were applied as basis for 
spatial disaggregation of residential population data, by 
either (1) estimating population density weights for the CLC 
classes (Gallego 2010) or (2) strictly considering mere 
residential CLC classes (Steinnocher et al. 2006). 

 
Figure 2   North-South European transect showing the 
absolute population change from 2006-2030 on a 1 km 

resolution population grid (Aubrecht et al. 2011a). 
Population distribution modeling is based on density 

approximation from soil sealing information (i.e., EEA Fast 
Track Service Precursor on Land Monitoring). 

 
Both approaches are limited to the rather coarse spatial 

resolution of the CLC data set (e.g., minimum mapping unit: 
25 ha) which leads to over- or underestimation of sparsely 
populated areas respectively. Furthermore, spatial 
disaggregation of available regional population data was 
recently performed based on a different kind of land cover 
dataset, i.e. the EEA Fast Track Service Precursor on Land 
Monitoring, which is a newly available raster layer for 
built-up areas featuring the degree of soil sealing for the 
EU27 and neighboring countries (Steinnocher et al. 2011). 
The dataset is based on ortho-rectified high resolution 
satellite imagery (SPOT-4 and IRS LISS-3), acquired in two 
time windows selected by the countries for the years 2006±1. 
Applying that impervious surface layer as a proxy for 
population (or rather housing) density, the spatial 
interpolation was improved significantly. Disaggregation for 
the 2006 population counts was performed for each input 
region (basic reference unit: NUTS 3), with an output grid 
featuring a defined spatial resolution of 1 km. 
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For modeling future socioeconomic patterns and 
monitoring spatio-temporal changes (see figure 2) Eurostat 
population prospects were taken into account. Predicted 
changes in population counts available on NUTS 2 level 
from the “EUROPOP2008 - Convergence scenario, regional 
level” were disaggregated based on the assumption that the 
relative distribution patterns remain constant, i.e. 
reallocating population to those grid cells already populated 
in the 2006 reference year. Future population densities 
(2030) were thus again calculated based on the 2006 version 
of the high resolution soil sealing layer for lack of available 
future prospects in that regard. However, the EEA Fast Track 
Service Precursor on Land Monitoring has just recently been 
updated in the frame of the geoland2 project for the 
reference year 2009. This will allow extrapolations to the 
short to medium time scale in the near future. Structural 
population information inherent in the Eurostat population 
convergence scenario was used for calculating the change of 
the proportion of elderly people (60+ years of age) whereby 
these changes were again proportionally applied to the 
populated grid cells. Including that structural population 
information in exposure mapping adds another dimension 
for a potential assessment of social vulnerability where the 
inherent structural patterns of a socioeconomic system play 
an important role (e.g., health vulnerability, etc.). 

Considering a set of additional assumptions about 
real-world population distribution another group of modeled 
datasets is based on the accessibility concept. Basic motive 
for that kind of methodology is that people tend to live in or 
close to cities and tend to move towards areas that are well 
connected with urban centers (Balk et al. 2006). This 
premise basically holds true even for rural regions for which 
it is expected that areas of higher population density are 
located preferentially close to transport links and bigger 
cities. The concept of accessibility and related indicators has 
been in use for a long time in particular in transportation 
research (Koenig 1980, Halden 2003, Gutiérrez et al. 2010). 
Applying accessibility indicators to population distribution 
and reallocation models has however not been that popular 
until first implementations for producing continental-scale 
databases for Africa, Asia, and Latin America in the mid 
1990’s (Deichmann 1996, 1998). Just recently Langford et al. 
(2008) examined how alternative population distribution 
models (i.e. approaches using even-distribution within 
census tracts vs. dasymetric mapping) influence GIS-based 
accessibility analyses, thus approaching this topic from the 
opposite side. Deichmann (1997) gives a comprehensive 
overview on the use of various accessibility indicators in 
GIS. He emphasizes that there are several ways to define 
accessibility and presents different concepts. Accessibility 
can be defined as the ability for interaction or contact with 
sites of economic or social opportunity. This definition is 
supported by Goodall (1987) who states “The concept 
expresses the ease with which a location may be reached 
from other locations. [It] summarizes relative opportunities 
for contact and interaction.” Aubrecht et al. (2010a) 
presented a case study where an accessibility surface was 
produced for the territory of Austria, subsequently used for 

population disaggregation. Referring to available 
high-resolution census data that study illustrated first 
validation results providing an idea of what can be expected 
from super-regionally modeled population datasets, e.g. in 
terms of statistical accuracy and deviations. 

Besides the abovementioned global and 
continental-scale population databases there is another 
dataset available on that spatial level - LandScanTM - 
comprising a worldwide population database compiled on a 
30 arc-seconds latitude/longitude grid. In addition to 
transportation networks and populated places LandScan 
includes likelihood coefficients based on parameters such as 
elevation, slope, nighttime lights and land cover for 
apportioning census counts to each grid cell, while less effort 
is spent on using the highest-possible resolution population 
input information. This dataset has a categorically different 
focus compared to the previously described population 
distribution models as it aims at measuring ambient 
population instead of attempting to represent nighttime 
census resident population (Dobson et al. 2000, Bhaduri et al. 
2002). These datasets have different objectives, make 
different assumptions, use different methodologies, and are 
designed to measure two different indicators. As stated on 
the iSciences “Global Data Hound” blog in April 2009 
(http://geoserver.isciences.com/DataBlog/) “it would not be 
fair to say that one or the other is ‘better’, it is more a 
question of what tool(s) are best for the job at hand”. 

The level of aggregation of all the above described 
databases (30 arc-seconds resolution at best, corresponding 
to 1 km²) is still too coarse to adequately support risk 
analysis at a detailed local level. However, other information 
sources (e.g., remote sensing imagery) may allow 
disaggregation at a finer resolution. The development of the 
LandScan Global Population Database represented a great 
improvement over pure residence-based population data sets. 
However, its representation of “ambient population” 
corresponds to a temporal averaging (over 24 hours) that is 
not ideal for use in time-specific hazards such as an 
earthquake or tsunami event. On a regional level, it has been 
attempted to overcome these limitations by developing 
population distribution databases featuring higher temporal 
and spatial detail (McPherson et al. 2006, Bhaduri et al. 
2007, Freire and Aubrecht 2010), including variation in the 
diurnal cycle but such efforts are still to be applied on global 
scale datasets. 
 
2.2  Local to regional scale 

As mentioned earlier, information on functional 
patterns in urban environments as well as high-level 
population distribution information is often not quickly 
available in case of emergency which is why rapid mapping 
concepts often rely on various Earth Observation data 
sources. For building comprehensive urban data 
management systems and mapping the complex urban 
environment at a high level of detail diverse input data is 
required, with functional information such as socioeconomic 
and explicit demographic data on the one hand and ‘real 
world’ physical properties as derived from remote sensing 
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on the other hand (Steinnocher and Köstl 2007). Earth 
Observation data classification is limited to physical 
characteristics of the analyzed objects but does not include 
process related information. With respect to manmade 
features this means that buildings can be detected as such, 
while building use and related socioeconomic activities 
cannot be derived that way. Urban system modeling based 
on remote sensing and geoinformation technology often 
does not go beyond a certain spatial and thematic scale 
regarding the corresponding reference objects. Only the 
integration of population and socioeconomic features and 
thus moving from land cover detection to land use 
assessment enables modeling of societal vulnerability and 
damage potential and impact patterns. Integrative 
approaches considering remote sensing and ancillary 
information are therefore expected to further increase in 
importance in the future. 

Aubrecht et al. (2010b) presented a model approach for 
a selected study area in Austria with the objective of 
identifying functional and socioeconomic relationships in 
a suburban environment on a very high level of both spatial 
and thematic detail. Very high resolution satellite imagery 
and airborne Laser scanning data were considered in a joint 
classification using Object-Based Image Analysis which 
resulted in derivation of detailed structural land cover 
information. Georeferenced postal address data then enabled 
linking this geometric base data framework with ancillary 
spatial and space-related information such as yellow pages 
company data and population data from the census. 
Integrating all available data sets resulted in a 3D population 
model on sub-building level (see figure 3) which was finally 
consulted for exposure and impact assessments (e.g., 
earthquake, noise propagation). 

 

 
Figure 3   Population distribution information, 

disaggregated to sub-building level based on functional 
urban system modeling (Aubrecht et al. 2010b). 

 
Figure 4   Daytime vs. nighttime population distribution 

information for Lower Manhatten in New York City, 
disaggregated to a 90 m grid (LandScan USA dataset). 

 
The spatial distribution of population in general, and 

hence its exposure to hazards, is time-dependent, especially 
in metropolitan areas. Due to human activities and mobility, 
the distribution and density of population varies greatly in 
the daily cycle. Therefore a more accurate assessment of 
population exposure and risk analysis requires going beyond 
residence-based census maps and figures (representing a 
nighttime situation) in order to be prepared for events that 
can occur any time and day (e.g., 1755 Lisbon tsunami at 
10 a.m., 2010 Haiti earthquake at 5 p.m., 2011 Japan 
tsunami at 3 p.m.). 

The recently developed LandScan USA is an expansion 
to the basic LandScan Global product that features ambient 
population distribution on a 1 km raster (Bhaduri et al. 2007). 
A multi-dimensional dasymetric modeling approach allowed 
the creation of a very high-resolution spatio-temporal 
population distribution dataset. At a 90 m resolution (3 
arc-seconds) LandScan USA contains both nighttime 
residential and daytime population distribution information 
incorporating movement of workers and students (figure 4). 
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Figure 5   Evacuation time model (bottom part) for 
population in buildings potentially exposed to tsunami flood 

waters (top part) (Freire et al. 2012). 
 
Freire and Aubrecht (2010, 2011) illustrated the 

modeling and analysis of the spatio-temporal distribution of 
population in the daily cycle in the Lisbon Metropolitan 
Area to re-assess human exposure to earthquake and tsunami 
risk. Total population numbers and spatial distribution vary 
significantly between day and night (i.e. population 
increases by up to 60% during daytime). In order to 
approximate the pattern variation between daytime and 
nighttime data on workforce and commuting statistics as 
well as land use and infrastructure information were 
integrated with the basic census counts in the spatial 
population disaggregation and reallocation process. Results 
show population exposure increase by 100% during the day. 

In ongoing research this approach has been extended to 
include evacuation modeling considering tsunami hazard for 
part of the same study area whereby the initial 50 m grid 
output was advanced to a high-level 3D building model 
(Freire et al. 2011, 2012). Figure 5 shows the evacuation 
model (illustrating evacuation travel time in minutes) for 
population in buildings potentially exposed to tsunami flood 
waters. The model considers both horizontal exits and 
vertical shelters for evacuation, whereby specific flood depth 
and building height are identified in 3D pre-processing. 

2.3  New developments 
Identifying distinct daytime and nighttime population 

distribution characteristics is a major improvement 
compared to standard census based models, but does 
however only display part of reality. New technology driven 
advancements including improved data storage and 
processing capabilities allow moving into the field of 
real-time representation of human movement (Aubrecht 
et al. 2012). Two main categories in that context are (1) the 
mapping of cell phone user activity, and (2) the use of 
volunteered geographic information (VGI). 

One way to record time-specific population distribution 
information in case of emergency situations is mapping cell 
phone subscriber locations. Cell phone subscribers are 
always linked to the nearest cell phone antenna station. User 
actions like phoning, texting, and internet access as well as 
user motion (provoking handovers between cell-phone 
antennas) trigger so called “events” that are recognized by 
the mobile communication system. Distinct time and 
location information of these events allow mapping the 
spatio-temporal distribution of the cell phone subscribers 
and applying that as proxy for time-specific population 
distribution. To map the cell phone subscriber distribution a 
set of requirements must be fulfilled: 

(1) availability of mobile communication network 
infrastructure location information, 

(2) dense cell phone antenna coverage for 
sufficient location accuracy, 

(3) mobile device users feature a representative 
sample of the total population, and 

(4) cell phone user actions trigger a log file entry 
with time and location information of each 
event. 

A first study is currently conducted by the AIT Austrian 
Institute of Technology in the course of the EU FP7 project 
urbanAPI (www.urbanapi.eu, last accessed on 01/31/2012) 
using data from Austria’s largest cell phone company “A1” 
(featuring 5 million subscribers of in total 13 million 
national cell phone contracts, held by 8 million inhabitants). 
These 5 million A1-subscribers create more than one billion 
mobile device events per day. Monitoring subscriber 
distribution patterns is carried out by counting the users 
connected to each of the cell phone network antennas during 
certain time steps (e.g., every 15 minutes). The numbers of 
cell phone users by antenna allow monitoring changes in cell 
phone user activity and location. 

Aggregating the user numbers, connected to all 
antennas within a certain area (e.g., within 500x500 m grid 
cells), serves to map subscriber distribution variation as 
effect of the collective population motion within a city 
during the day (see figure 6). Mapping time-specific cell 
phone user distribution therefore potentially allows 
extrapolating the urban population distribution and its 
temporal variation in short time slices. Thus, the population 
number at a certain time in a certain area can be examined 
and in a further step the potential exposure to a dangerous 
situation or hazard evaluated. 
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Figure 6  Cell phone subscriber distribution patterns 
(top part) used as proxy for population presence in 15min 

time slices (bottom part) in Vienna, Austria. 
 
In recent years we have observed an incredible increase 

in location-specific information provided voluntarily by 
individuals and disseminated via the web. The emergence of 
this Volunteered Geographic Information (VGI) as 
Goodchild first described in 2007 has attracted considerable 
interest within the GIScience community. As a special type 
of user generated content, it offers great potential to produce 
up-to-date and near real-time information related to any 
place on Earth, even though overall accuracy remains an 
issue of debate. Location sharing services (LSS) such as 
‘foursquare’, ‘Gowalla’, and ‘Facebook Places’ collect 
hundreds of millions of user-driven footprints or ‘check-ins’. 
Those footprints provide a unique opportunity to (1) study 
social and temporal characteristics of how people use these 
services and (2) model patterns of human mobility. However, 
the amount and frequency of VGI is not evenly distributed 
and recent research (e.g., Cheng et al. 2011) considers it 
directly related to socioeconomic characteristics of its 
contributors (i.e., geographic and economic constraints, 
individual social status). Particularly in the context of 
population dynamics studies, VGI may provide a data source 
that is more accessible and current as well as less expensive 
and time-consuming than traditional activity survey data. 
VGI generated on micro-blogging services and 
location-based social networks (LBSN) bear the greatest 
resemblance to the activity diary that time geographers are 
familiar with (Rush and Kwan 2011). 

Aubrecht et al. (2011b) compared functionally 
categorized location-specific check-in information from the 
LBSN platform ‘foursquare’ picturing one working week in 
the Lisbon Metro Area to a census and spatial statistics based 
daytime working population surface. The objective of that 
study was to analyze potential correlation patterns and 
explore options for modeling fine-scale spatio-temporal 
characteristics of urban land use based on VGI. 

Particularly in urban areas an increasing number of 
persons are equipped with ‘location sensors’ in the form of 
GPS-enabled mobile devices. The willingness to share 
situational experiences with others is generally increasing 
rapidly and is boosted by rising new technologies supporting 
the spatial component of social networks. These new 
developments result in collection of a vast amount of data 
about people’s locations and enable analyses of 
spatio-temporal movements. 

With further research certainly needed, this kind of data 
has a high potential to be very useful in the future for 
emergency and crisis management and for other fields 
requiring population data on high spatio-temporal resolution. 
Undoubtedly the data in its current form still show gaps and 
are biased to some extent by various factors: (1) To date 
there has not been any quantitative information available on 
the socioeconomic structure of LBSN users. This is most 
welcome for privacy reasons but complicates the assessment 
of how representative the data is with respect to the total 
population. (2) LBSN users usually use the services on a 
regular basis which leads to redundant records when 
aggregating data from multiple days or weeks. (3) The 
motivation of users to check in varies depending on a 
multitude of factors including their general social behavior, 
activities, and rewards they receive. Therefore, the captured 
information is considered to just cover a small sample of the 
total user mobility in real life. 
 
 
3.  CONCLUSIONS 
 

In the context of integrated disaster risk management 
and in particular for basic exposure and impact assessments 
input data quality both in terms of the degree of spatial and 
thematic accuracy and reliability is one of the most 
important factors for scenario generation and eventual 
successful mitigation of future risks. Particularly in an urban 
setting mapping and analysis of population exposure forms 
an essential part for the assessment of the social dimension 
of vulnerability and is usually considered the starting point. 
Integration of social structure and varying aspects of 
resilience then enables further differentiation of 
situation-specific vulnerability patterns on a local scale. 

In this paper an overview was given on available 
multi-level geospatial information and modeling approaches 
from global to local scales. Illustrating the varying 
dimensions and related implications considered in an urban 
disaster risk management context concepts and applications 
related to the social vulnerability domain were addressed 
including population exposure and evacuation modeling. 
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In addition to the main spatial resolution issues we also 
set a focus on data featuring varying temporal characteristics 
such as high-resolution spatio-temporal representations of 
population distribution over the diurnal cycle (i.e., daytime 
vs. nighttime situation) and disaggregated future population 
prospects on a European scale. Finally, recent 
technology-driven developments were highlighted providing 
the potential of moving into the field of real-time 
representation of human movement, including cell phone 
user activity mapping and the use of volunteered geographic 
information. 
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