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Abstract 

A unified approach for modeling shelter needs and health impacts caused by earthquake 

damage which integrates social vulnerability and coping capacity indicators into the physical 

systems modeling approaches is being developed. The shelter needs and health impact 

models discussed here will bring together the state-of-the-art social loss estimation models 

into a comprehensive modeling approach based on multi-criteria decision support, which 

provides decision makers with a dynamic platform to capture post-disaster emergency 

shelter demand and health impact decisions. The focus in the shelter needs model is to 

obtain shelter demand as a consequence of building usability, building habitability and social 

vulnerability of the affected population rather than building damage alone. The shelter model 

simulates households' decision-making and considers physical, socio-economic, climatic, 

spatial and temporal factors in addition to modeled building damage states (input from WP3 

and WP5). The health impact model combines a new semi-empirical methodology for 

casualty estimation with models of health impact vulnerability, transportation accessibility 

and healthcare capacity to obtain a holistic assessment of health impacts in the emergency 

period after earthquakes. A group of proposed socio-economic indicators were derived 

based on an in-depth study of disaster literature for each of the shelter, health and transport 

accessibility models, and harmonized based on data available for Europe from the 

EUROSTAT Urban Audit.  
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1 Introduction 

Emphasis in SYNER-G is placed on the early emergency relief and recovery period 

where the rapid provisioning of food, water, shelter and emergency healthcare services are 

the most important interventions to keep people alive and safe. Thus, the focus will be on 

integrating models of social impact with loss estimation models for use in disaster response 

and recovery planning. This includes models for estimating post-disaster shelter needs 

and health impacts. Furthermore, non-availability of lifeline networks (roads, pipelines, 

electricity and water supply) have important consequences on the recovery process and 

contribute to increased social disruptions within shelter and health sectors. In WP4 the 

impact of disruptions of the transportation system and utility systems on shelter and 

health systems will be investigated. 

 

Figure 1-1 Overview of the sectors analysed in WP4 

 

The overall objective of WP4 is to transfer the interdependencies and consequences of 

losses in physical systems (buildings, utility and transportation network components, critical 

facilities) to their consequences on society as measurable indicators and values of socio-

economic losses upon which policy and decision-making can take place. Metrics that 

describe direct social consequences; such as number of casualties, number of displaced 

people, emergency shelter needs, demand on healthcare systems and other critical facilities 

are key inputs for emergency response planning and preparedness. Poor linkages between 

damage to physical systems and resultant social consequences remain a significant 

limitation with existing hazard loss estimation models.  
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The shelter needs and health impact models discussed here will bring together the state-of-

the-art social loss estimation models into a comprehensive modeling approach based on 

multi-criteria decision support, which provides decision makers with a dynamic platform to 

capture post-disaster emergency shelter demand and health impact decisions. The focus in 

the shelter needs model is to obtain shelter demand as a consequence of building usability, 

building habitability and social vulnerability of the affected population rather than building 

damage alone. The shelter model simulates households' decision-making and considers 

physical, socio-economic, climatic, spatial and temporal factors in addition to modeled 

building damage states. The vulnerability and coping capacities of ‘at risk’ populations 

affects health impacts of earthquakes. The aim here is to link social vulnerability and coping 

capacity of the affected population with other components of the health impact model - 

casualty estimates, healthcare functionality, and transportation accessibility - within a multi-

tiered health impact model. The proposed health impact model will describe the processes 

and links between socio-demographic, environmental, epidemiological and health behaviour 

parameters to increased short-term health impacts. Furthermore, healthcare systems 

parameters will be integrated in a healthcare capacity model to assess secondary impacts 

on the overall health care delivery to the affected population. 

WP4 will establish appropriate methodologies including indicator based systems for 

integrating socio-economic impacts with fragility functions and performance models 

developed in WP 2, WP3 and WP 5. This will include consideration of the interdependencies 

between elements and systems in the assessment of socio-economic impacts for each 

sectors above. The outputs will result from combining physical damage of buildings and 

utilities with a set of appropriate socio-economic indicators. 

2 Spatial Characterization and Approach Level 

The impact of an earthquake on the Infrastructure evolves in space with the time elapsed 

from the event. Different stakeholders have different interests and play distinct roles in the 

various phases of the disaster. Correspondingly they look at the impact assessment in 

different ways. These three dimensions (time, space, stakeholders) of the systemic vul-

nerability study are represented in Figure 2-1, where different studies can be represented. In 

particular, along the time-dimensions three periods can be identified: 

• Short-term: in the aftermath of the event the damaged Infrastructure operates in a 

state of emergency; 
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• Mid-term: the Infrastructure progressively returns to a new state of normal func-

tionality; 

• Long-term: the Infrastructure is upgraded/retrofitted with available resources to 

mitigate the risk from the next event. 

Correspondingly, the spatial extent of interest to the study of the Infrastructure response 

increases with time, initially (short-term) involving only the local struck area, then, an 

increasingly wider area covering adjacent regions up to the national scale in the economic 

recovery phase and long-term risk mitigation actions. 

 

Figure 2-1 The three dimensions in an Infrastructure vulnerability study 

. 

Systemic studies of different nature most commonly address the two phases: 

• Emergency phase: short-term (a few days/weeks) at the urban/regional scale 

• Economic recovery phase: medium to long-term, at the regional/national scale 

Further, the position on the “time axis” of the analyst/observer with respect to the time-frame 

changes the goal of the systemic study: 

• Outside/before the time-frame: the goal of the system analyst is to forecast the 

impact in order to set-up mitigation measures. It is important to underline how the 

information basis in this case can be considered as constant. 
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• Within the time-frame: the goal of the system analyst is that of providing the 

managers with a real-time decision support system, which updates the Infrastruc-

true state based on the continuously incoming flow of information. 

• After the time-frame: the goal of the system analyst is to validate the models against 

occurred events. 

The developed methodology focuses on the short-term only, with Emergency managers 

as the reference Stakeholders, and with the goal of forecasting before the event occurs, the 

expected impact for the purpose of planning and implementing risk mitigation measures. 

Further, the methodology aims employs a model of the seismic vulnerability of an 

Infrastructure of urban/regional extension that accounts for all relevant and meaningful inter- 

and intra-dependencies among infrastructural components, as well as uncertainties. The 

methodology proposed in WP4 is intended to guide the user through a set of simulation 

scenarios and decision making activities for this group of stakeholders. 

The methods proposed in WP4 are developed for the urban and sub-regional spatial scale 

of analysis. To operationalize the shelter needs and health impact models for European level 

implementation at this scale, the EUROSTAT Urban Audit data has been analysed for 44 

indicators collected for 7586 sub-city districts in 321 cities of 30 European countries (D4.5). 

The principal component analysis (PCA) was performed on a standardized dataset for two 

periods (1999-2002 and 2003-2006) in order to reduce the indicators to a set of principle 

components explaining most of the variation in the data. The Urban Audit indicators were 

related to the vulnerability criteria of the systemic shelter model and validated with empirical 

data and expert surveys for the L’Aquila earthquake (D4.6). The city of Istanbul is used as a 

pilot “test bed” for demonstrating the application of the methodology. The WP4 models are 

validated with respect to a rich set of data from L’Aquila, and will be implemented in a case 

study application in Thessaloniki in WP6. 
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3 Methodology 

3.1 INTEGRATED PHYSICAL AND SOCIAL LOSS MODELS 

Figure 3-1 shows three possible entry points for socio-economic models. In SYNER-G the 

socio-economic models will be brought in at the second entry point depicted in Figure 1. 

Here, new methods will be developed to compute social losses (e.g., number of displaced 

people and casualties) as an integrated function of hazard intensity, vulnerability of physical 

systems and the social vulnerability of the population at risk. In many earthquake loss 

estimation models socio-economic models are brought in at the third entry point as linear 

“damage-consequence functions” for the estimation of direct social and economic losses. 

Bringing in socio-economic models at the first entry point shown in Figure 3-1 as empirical 

models requires the systematic collection of post-event social and economic post-

earthquake data which is currently not feasible.   

 

Figure 3-1 Possible interaction of socio-economic models with physical vulnerability/loss 
estimation models 

 

Contributing to the challenge of integrating social vulnerability with physical 

damage/performance models is the fact that social vulnerability is a fundamentally relative 
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phenomenon and not something that can be directly observed and measured. Thus, one of 

the main objectives in WP4 is adoption of an indicator system and common nomenclature 

which posits social vulnerability in relational terms with respect to both shelter and 

healthcare systems. Consequently, transparent and validated indicator systems, which 

characterize the human, institutional and functional vulnerability (and resilience) of the 

system have been defined.  

An approach for combining physical system and social vulnerability models and a framework 

to analyze the impact in the two sectors of shelter and health is presented. The integrated 

approach developed here assumes that a triggering hazard event has occurred, and 

provides a framework to link the degree of damage and performance of physical systems to 

vulnerabilities and coping capacities in society to assess: (1) Impacts on displaced 

populations and their shelter needs, and (2) Health impacts on exposed populations and 

their health-care needs. This way of conceptualizing the integrated framework emphasizes 

the importance of understanding the interrelations between physical and social systems. In 

other words, how direct physical losses can potentially aggravate existing vulnerabilities in 

society and how vulnerabilities in society can ultimately lead to greater impacts from physical 

damage and losses. Various theoretical vulnerability frameworks have been introduced for 

which the conceptual lineages can be traced to three main areas: (a) studies that draw 

heavily from risk/hazard approaches (Blaikie et al., 1994; Wisner et al., 2004); (b) the 

application of political-ecological and/or political-economic frameworks (Adger 2006; Cutter 

et al., 2003) and (c) recent research on vulnerability inspired by the concept of resilience in 

ecology (Cutter, 2010; Eakin and Luers, 2006). Within all of these disciplinary areas, the 

challenge is often the quantitative representation of not directly measurable aspects of 

vulnerability contained in the different theoretical vulnerability frameworks. This topic, known 

as operationalizing vulnerability, is a central focus of cross-disciplinary research, and is 

critical for translating conceptual frameworks into practical tools that can be used for 

communication and risk management. Indicator-based approaches constitute a transparent 

possibility in providing an operational representation (of not directly measurable conditions) 

regarding the susceptibility, coping capacity and resilience of a system to disaster impacts 

(Jäger, 2002, Gallopin 1997a, Cutter et al., 2003). In indicator-based approaches, often 

theoretical vulnerability frameworks provide the basis for the selection and combination of 

vulnerability indicators and sub-indicators. Indicators also enable a comparative analysis of 

vulnerability and have been used increasingly to rank vulnerability across regions, countries, 

and populations with the objective of aiding governmental bodies and other organizations in 

the allocation of resources for vulnerability reduction (Cutter and Finch, 2008).  
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One of the first requirements in operationalizing any vulnerability framework is to develop a 

metric for its comparison and establishing a scale of exposure. The indicator framework 

developed here is based on the Sub-city District (SCD) subdivision of the European Urban 
Audit which is the administrative geographical scale that decision makers identify with and 

use for urban planning and policy making. Furthermore, in Europe where the model is being 

harmonized for, the functional and operational responsibilities for urban crisis management 

are based on the administrative geographical scale.  

The framework also takes into account that vulnerability factors varies among the different 

industrial sectors addressed here (i.e., shelter, health, transportation). In the framework 

design it is assumed that interactive and causal processes take place between society and 

the physical systems it interacts with. For example, the loss of building habitability (derived 

from physical models) will play a major role in the decision to evacuate one’s domicile and 

seek public shelter. Here the interaction between building habitability and social factors such 

as the occupants tenure status (home owner vs. renter), whether the occupant lives in a 

single family home or a multi-family apartment structure, the level of anxiety of aftershocks, 

etc., will ultimately determine the resistance to evacuate the building. As a demonstration of 

the prototype methodology, the results of the integrated framework are applied in a pilot 

case study in Istanbul (shelter and health) and Thessaloniki (transportation accessibility), in 

order to obtain a ranking of transportation accessibility, shelter needs and health impact 
of different districts in these cities. The ranking can answer the question, which of two 

affected districts will require more resources to better absorb the health impacts or shelter 

demand from an earthquake.  

3.2 PHYSICAL AND SOCIAL IMPACT MODELS IN SYNER-G 

The goal of the general methodology developed within the SYNER-G project is to assess the 

seismic vulnerability of an Infrastructure of urban/regional extension, accounting for all 

relevant and meaningful inter- and intra-dependencies among infrastructural components, as 

well as of uncertainties. The model for the Infrastructure actually consists of two sets of 

models that form a sequence. The first set consists of the physical models of the systems 

making up the Infrastructure. These models take as an input the hazards and provide as an 

output the state of physical/functional damage of the Infrastructure. The second set of 

models consists of the socio-economic models that take as an input the output of the 

physical models and provide the socio-economic consequences of the event. Within the 

SYNER-G project the physical models are developed in WP3 and WP5, while socio-
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economic models are developed in WP4. The SYNER-G methodology integrates these 

models in a unified analysis procedure. 

For illustration purposes, with reference to the two socio-economic models identified and 

studied within WP4 (the SHELTER and the HEALTH-CARE model), Figure 3-2 shows in 

qualitative terms the integrated procedure that leads from the hazard to the evaluation of the 

demands on the shelter and health-care system in terms of Displaced Population (DP) and 

Casualties. 

The Environment acts upon the Infrastructure through the Hazards. These induce in the 

components of the Infrastructural systems a certain level of physical damage. In the figure, 

this is represented in terms of damage to buildings (Bldg damage) and damage to lifelines 

(Utility loss). The level of induced damage depends not only on the hazard but also on the 

fragility, a function of Building Typology. 

To compute both casualties and displaced population the occupancy level of the buildings 

(Bldg occupancy) is used as a first input. Building occupancy depends on the typology, the 

total built-up area, the Population, the building usage (Use type) and the Time of the day. 

The population at risk of being displaced is computed from the building occupancy and 

habitability of buildings in at the time of the event (Bldg habitability). Building habitability in 

turn depends upon the state of Bldg usability, whether the buildings are still served by 

fundamental utilities, and also on the Weather conditions. Casualties are obtained as the 

number of deaths and injured by combining building occupancy, building damage and 

building typology. 

The number of casualties and displaced persons are inputs into a multi-criteria utility model 

to determine health impacts and shelter needs. A shelter needs index (SNI) is determined by 

simulating a households' decision-making process and considers the Resistance to 

Evacuate (RE) as a multi-criteria function of the individual’s vulnerabilities and coping 

capacities (e.g., age, housing type, housing tenure and household type), as well as external 

spatial and temporal factors in the community. Furthermore, not all persons who leave their 

homes will seek public shelter, and some may find alternative shelter accommodations (rent 

motel rooms or apartments), stay with family and friends, or leave the affected area. Thus, 

the shelter needs index (SNI) also accounts for a Shelter Seeking Index (SSI) by combining 

major factors contributing to demand for public shelters.   

The post-disaster health impacts index (HII) combines the estimated casualty numbers with 

three additional inputs in a multi-criteria utility model: health-care treatment capacity (HTC), 

hospital accessibility, and a health impact vulnerability model which accounts for health 
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vulnerability factors (HVF) pre-disposing the exposed population to aggravated health 

impacts following the earthquake disaster. 

The figure shows also how the required input information is usually contained in three 

distinct data bases maintained by different sources. In Europe a harmonized source for 

physical data on the buildings and socio-economic data on urban areas, in the form of the 

Building Census and European Urban Audit, respectively, is EUROSTAT. The 

information on usage is usually provided in the form of a Land Use Plan, maintained from a 

local source (the Municipality)  

 

Figure 3-2 Integrated evaluation of physical and socio-economic performance indicators. 

 

The socio-economic models developed in WP4 start with an interface to outputs from the 

physical model in each of the four domains of SYNER-G (i.e., buildings, transportation 

systems, utility systems and critical facilities). Thus, four main performance indicators - 

Building Habitability, Transportation Accessibility, Utility Functionality and Healthcare 

Treatment Capacity – are used to determine both direct and indirect impacts on society. 

Direct social losses are computed in terms of casualties and displaced populations. Indirect 

social losses are considered in two models – Shelter Needs and Health Impact – which 
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employ the multi-criteria decision analysis (MCDA) theory for combining performance 

indicators from the physical and social vulnerability models (described later in this chapter).  

3.3 MULTI-CRITERIA DECISION ANALYSIS FRAMEWORK 

The resulting integrated socio-physical impact system is based on multi-criteria decision 

theory (MCDA) and is implemented in a software tool with a dynamic interface to take into 

account a broader range of expert judgement. The integrated system developed here 

provides a framework which brings together the fragility and coping capacities of society in 

terms of each of the two sectors – health impact and shelter needs - analysed and the 

potential physical impacts from the earthquake disaster (Figure 3-3). The theoretical 

framework for multi-criteria framework is founded on the work of Cardona et al. (2005), and 

provides an overview of not only the expected direct damages, but also the potential for 

aggravating impact of the direct damages by the social fragility and lack of resilience of the 

different sectors analysed here.  

 

Figure 3-3 Structure of the integrated framework for assessment of social impacts 

 

As shown in Figure 3-3 a physical performance index is obtained, for each unit of analysis by 

interacting with the physical infrastructure models, whereas the total social impact index is 

obtained by multiplying the direct physical performance indices by an indirect impact factor, 

based on variables associated with the socio-economic conditions of each unit of analysis. In 

order to reduce the complexity of the total system for applied purposes, vulnerability in each 

system is operationalized by a set of discrete indicators, representing social and industrial 

vulnerability. The selection of indicators is based on the well accepted definition of social 

vulnerability by Ben Wisner and colleagues (At Risk, 2004) as “the characteristics of a 
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person or group and their situation that influence their capacity to anticipate, cope with, resist 

and recover from the impact of a natural hazard”, and defined in terms of decision criteria for 

a shelter needs (see Deliverable 4.1), health impacts (see Deliverable 4.2) and 

transportation accessibility (see Deliverable 4.3).  

The process of developing an integrated indicator framework for assessment of overall 

social impacts as outlined in Figure 3-3 consists of five main steps which should be passed 

in an iterative manner (Nardo et al., 2005) (Figure 3-4). These development steps are very 

similar to the main phases of the multi-criteria decision theory (MCDA) or multi-attribute-

value theory (MAVT). Therefore, for the development of a hierarchical indicator framework 

the methodological approaches used within a MAVT-Analysis can be transferred to the 

vulnerability assessment applied in WP4. 

 

 

Figure 3-4 Methodological steps of the development of a hierarchical indicator framework 

 

Similar to the problem structuring step of a MAVT-Analysis, within the indicator development 

process the development of the theoretical indicator framework (step 1) contains the 

specification of the dimensions to be covered, i.e. the sub-systems of defined for each sector 

as well as the spatial scale of assessment.  

The second methodological step is defining and populating the indicators for each sub-

system in order to operationalize the theoretical vulnerability framework in order to quantify 
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indirect disaster vulnerability. In order to guarantee the quality of the composite indicator 

framework, the single sub-indicators should meet some quality standards. For example, 

indicators used should be reliable, accessible, reproducible, interpretable and accurate 

(Birkmann, 2006). The indicators and sub-indicators have been chosen according to the 

fragility and resilience factors identified for each sub-system and harmonized at the 

European level based on data available from the EUROSTAT Urban Audit. The indicator 

framework defined for the analysis of Shelter needs and Health impacts is defined in 

Chapter 6 and 7 respectively.  

Before aggregating the values of the sub-indicators into an overall composite indicator value, 

the sub-indicator values must be normalized. This is necessary because most of the sub-

indicators have different units and cannot be combined into the indicator framework in their 

original values. Furthermore, the normalization enables the integration of quantitative and 

qualitative sub-indicators within the same framework. Within this third step of the framework 

the values of all sub-indicators are depicted on a scale between 0 and 1 using value 

functions. Here, 0 stands for low vulnerability values and 1 for a high degree of vulnerability. 

For the normalization process, both linear and S-shaped transformation functions are used. 

The software tool for in which the methodology has been implemented facilitates the 

selection of value functions and the calculation of standardized indicator values.  

In the next step, the overall vulnerability value of the analysed sectors is calculated, 

aggregating the values of the weighted single sub-indicators using both a standard additive 
formula as well as multiplicative aggregation formulas (Figure 3-5). In the additive 

aggregation, an especially important aspect for the quality of results of the integrated 

indicator system is marked by the assignment of weights for the individual indicators, and 

offsetting them against each other such that: 

n

i i
i 1

w 0      and      w 1
=

≥ =∑  

In this framework the weights, wi, express the contribution to the overall social impacts as 

the relative individual importance of sub-indicators. The elicitation of weights requires a 

deeper understanding of the vulnerability criteria in each of the sectors. Therefore, the 

retrieval of importance-weights is ideally done in workshops and group discussions with 

experts from emergency management disaster science. Within hierarchical indicator 

frameworks (due to the use of the simple additive aggregation rule) dependencies among 

the various indicators may lead to an over- or underestimation of single indicators or an 

entire indicator-dimension. 
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Figure 3-5 Generalized schematic showing the aggregation of sub-indicators using both 
multiplicative and additive formulas to arrive at composite and output indicators 

The additive formula is used when there are no interactions between the sub-indicators of a 

particular composite indicator (e.g., sub-indicators for “lack of resistance to evacuation”), and 

multiplicative formula when there are interactions between the sub-indicators (e.g., 

interaction between “external factors” and “lack of resistance to evacuation” to determine the 

desirability composite indicator. The additive formula is a simple weighted average of the 

“utilities” of the member indicators composing their composite indicator. Here, utility is 

understood as a standardized measure of the relative desirability of a given level or set of 

levels for an alternative (e.g., if the resistance to evacuate in a particular neighborhood is 

high, the utility in terms of desirability to evacuate for that neighborhood will be low). Utility 

scales are adjusted so that the utility of most preferred alternative (i.e. neighborhood in the 

analysis) of a particular criteria is 1.0 and the level for the least preferred alternative is 0.0.  

Each increment of the utility scale is an equal increment in desirability, so that a change 

from, say, 0.1 to 0.2 represents an increase in desirability equal to a change from 0.2 to 0.3. 

The additive formula is given according to the equation below: 

Equation 3-1 

where, 

 = is the Utility of Alternative X for the Composite Indicator CI, 

  = the utility of X for the ith Member of CI, and 

      = the constant Small k for the ith member of c. 
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The second formula used when there are interactions between indicators in the multi-criteria 

framework is the multiplicative formula.  The multiplicative formula requires an additional 

scaling constant called Big K.  The value of Big K indicates the degree of interactions 

between the goal's active members.  The multiplicative formula can be written as follows: 

 

Equation 3-2 

where, 

 = is the Utility of Alternative X for the Composite Indicator CI, 

  = the utility of X for the ith Member of CI, and 

      = the constant Small k for the ith member of CI 

        = the constant Big K for CI, 

The multiplicative formula has three interesting limits - If Big K equals 0.0, we get the 

additive formula.  If Big K equals -1.0, we get Ug(X) = (1 - U1(x1))*(1 - U2(x2))*...*(1 - 

Un(xn)) + 1, which equals 1.0 if Ui(xi) = 1.0 for any i.  As Big K gets very large, we get Ug(X) 

= U1(x1)*U2(x2)*...*Un(xn), which equals 0.0 if Ui(xi) equals 0.0 for any i.   Intermediate 

values of Big K have intermediate degrees of interaction.  Big Ks less than 0.0 mean that a 

high utility on an individual member can result in a high goal utility (constructive interaction), 

while Big K greater than 0.0 indicates that a low utility on an individual member can result in 

a low goal utility (destructive interaction). The additive formula requires that the small k 

scaling constants sum to 1.0 and that Big K = 0.0.  In the additive MUF formula the small ks 

can be interpreted as the active members' weights.   

In general, the representation of the indicator results in the form of one single aggregated 

index value should be handled with caution, because important results and valuable 

information may be masked. Instead it might be more useful to consider the individual 

indicator values in order to assess the structure of vulnerability and the potential weak 

points. Due to the difficulty in operationalizing vulnerability and the high amount of underlying 

data, the results might also be affected by different sources of uncertainty. This applies 

especially to the intra-model uncertainties associated with the weighting process and the 

implementation of value functions, but also the uncertainties contained within the input-data 

can be substantial. Therefore, in order to analyse the robustness of the methodology, a 

sensitivity analysis which demonstrates variability of the results should be conducted as a 

final step.  The integration of multiple dimensions of vulnerability with diverse and complex 
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linkages constitutes some of the most challenging questions in store for interdisciplinary 

research in the coming years. In frameworks developed for the assessment of multiple 

dimensions of vulnerability the interactions between the indicators of the different 

dimensions can be substantial.  

In the development of an integrated vulnerability framework it is important that the 

influencing factors and dependencies between different dimensions of vulnerability are 

structured and integrated in a model-like approach (Birkmann, 2007). These interactions 

should be clarified within the theoretical vulnerability concept in each sector, in order to 

account for them within the subsequent development steps. Besides accounting for the 

subjective importance of the indicators, it is also important to account for the relative 

influence of each data in terms of both their explanatory power (i.e., how much of the 

statistical variation can be explained by each indicator), as well as accounting for the 

interactive and causal processes between the indicators. A structural analysis of the data via 

the Principal Component Analysis is carried out for the former (see Deliverable 4.5 for 

details) and the Decision-Making Trial and Evaluation Laboratory (DEMATEL) methodology 

is proposed for the latter. The results of the PCA and DEMATEL methodology can be used 

to correct the importance weights perceived by the expert for dependencies among the 

indicators. Thus, the overall weight of each indicator ( im dp
i i iw w * w=                        

Equation 3-3) is composed of an importance weight (wim
i) (assigned with a group of experts) 

and a dependence weight (wdp
i ) (derived from DEMATEL Analysis) or influence weight (win

i) 

(derived from PCA Analysis), which enable accounting for mutual dependencies among the 

different indicators within the framework. To receive the overall weight wi of an indicator I, 

importance-weights, wim, are multiplied with the dependence or influence weights, wdp and 

wim 

im dp
i i iw w * w=                                                  Equation 3-3 

im dp
i iwith  0 w 1  and  0 w 1≤ ≤ ≤ ≤ . 

Selection of importance weights of indicators should be performed through the following 

phases: 

1. The pool of indicators for urban level should come from the European Urban Audit, 

the only publicly available pan-European socio-economic database. 

2. Perform principal component analysis (PCA) of all data from the urban audit 

3. Calibrate/adjust using results from literature study on indicators  
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4. Expert elicitation using Analytical Hierarchy Process (AHP). Experts should be 

chosen with civil protection experience. Experts could be chosen from the following 

pools: 

a. End users in Syner-G project 

b. Representatives of European National Platforms for Disaster Reduction. 

5. Final selection made based on combining results from above four processes 

 

4 Application of Methodology – Shelter Need 

4.1 BACKGROUND 

A new systemic approach for modeling the social impacts of building damage and lifeline 

losses in earthquake disaster in terms of demand for public shelter is discussed in detail in 

D4.7 of WP4. The following presents a brief overview of the shelter model to demonstrate 

the application of the indicator-based methodology. 

 The shelter model, simulates demand for emergency shelter caused by earthquake damage 

by integrating social vulnerability into the SYNER-G methodology for modeling physical 

systems (utility loss, transportation accessibility and building usability). The methodology 

integrates three types of inputs to model demand for public shelter: (1) the “habitability” of 

buildings which uses inputs from the physical models (building usability, utility loss and 

climate factors) to provide an estimate of population at risk of displacement; (2) 

transportation accessibility to as an input to the shelter seeking model (discussed in Chapter 

5); and (3) complex socio-economic factors which ultimately lead to the decision to evacuate 

and seek public shelter. These three inputs are combined into a dynamic shelter model 

which provides stakeholders an interactive framework in decision-making process for shelter 

planning and preparedness as well resource allocation. The shelter model uses a multi-

criteria decision analysis (MCDA) framework to simulate decision-making processes based 

on a set of socio-economic, spatial and climatic factors in addition to physical parameters 

such as building usability, transportation accessibility and utility loss.  
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4.2 DECISION CRITERIA FOR SHELTER NEEDS MODEL 

The basic elements of the logic model for the shelter methodology in SYNER-G are based 

on the ideas of Chang et al. (2009) which are adapted to the European context by selection 

of vulnerability indicators found to be relevant in the European context (see Deliverable 

D4.1), and selection of influence weights based on a factor analysis (principle component 

analysis) harmonized for the Eurostat Urban Audit dataset (see Deliverable D4.5). The 

shelter model uses the following decision steps in a logical model to evaluate the following 

criteria (Figure 4-1): D1: Is the home uninhabitable? D2: Is it desirable to leave? D3: Are the 

residents forced to leave? D4: Are there alternatives to public shelter? 

  

 

Each step is answered by yes or no and leads either to the next decision step or is 

answering the final destination residents probably choose. Thus, all residents whose home is 

uninhabitable (D1) and who have no alternatives will seek public shelter. Also people who 

have a lower resistance to evacuation by either finding it more desirable to leave their home 

(D2), and/or are forced to leave their home (D3), will seek public shelter if they lack other 

alternatives (D4). Each of the decision steps are represented by one output indicator which 

Figure 4-1 Model of Shelter Needs Estimations for SYNER-G 
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are combined in a weighted multi-criteria decision analysis framework according to the 

following scheme (Figure 4-2): 

• D1 is given by an output indicator as the proportion of population residing in 

uninhabitable buildings criteria.  

• D2 and D3 are a combination of a number of internal and external factors and given 

by an output indicator representing the desirability to evacuate criteria. 

• D4 is given by an output indicator representing the access to resources criteria.  

 

Figure 4-2 Decision criteria for computing Shelter Needs Index (SNI) 

4.3 DESIGN OF MULTI-CRITERIA FRAMEWORK 

The integrated shelter needs model developed here provides a multi-criteria framework 

which brings together the parameters influencing the physical inhabitability of their buildings, 

with coping capacities and social fragilities of the at-risk population to determine an index of 

total shelter need in different neighborhoods of a city. The mutli-criteria framework can be 

described schematically in Error! Reference source not found. as composed of the three 

measures, which will be described in detail here: a) Uninhabitable Building Index (UBI), b) 

Lack of Resistance to Evacuation (LRE) and c) Shelter Seeking Index (SSI). 

 

According to the above scheme the total demand for public shelter can be described as the 

proportion of people likely to seek public shelter (D4) to the population at risk of being 

displaced (D1, D2 and D3). This can be expressed by                        

Equation 4-1: 

                                                       Equation 4-1 
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where, SSI is derived from a weighted index related to lack of access of resources indicators 

in a community, and DPI is given as persons in uninhabitable buildings index (UBI) 

aggravated by external and internal factors related to desirability to evacuate or lack of 

resistance to evacuation (LRE), and is given by                        

Equation 4-2: 

                                               Equation 4-2 

 

 

 

Figure 4-3 Hierarchical multi-criteria framework to describe shelter needs 

 

4.4 SYSTEM OF INDICATORS 

4.4.1 Literature Survey 

A survey of disaster literature regarding post-earthquake sheltering demand  provides an 

initial basis for selection of relevant socio-economic indicators. A thorough literature survey 

was conducted to identify some of the most important drivers influencing each of the 

decision steps in the shelter needs model (see Deliverable 4.1). The literature survey has 

identified the following primary factors in each of the decision criteria shown in Table 4-1.  
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Table 4-1 Factors influencing the desirability to leave in the literature 

DCFactors Authors 
1 2

1.Age (Children, 
Elderly) 

Aldrich & Benson 2008; Chang et al. 2009; Chien et al. 2002; Chien et 
al. 2002; Cutter et al. 2003; Geipel 1982; Heath et al. 2001; Levine et 
al. 2007; Phillips 2005; Tierney 2006 

x  

2. Gender   Levine et al. 2007; Phillips et al. 2005 Tierney 2006 
 

x  

3. Household size   Chien et al. 2002; Geipel 1982;Heath et al. 2001; Levine et al. 2007; 
Phillips et al. 2005; Tierney 2006; Wright & Johnston 2010 

x x

4. Strong social 
networks 

Davis 1977; Phillips et al. 2005; Wright and Johnston 2010  x  

5. Race and 
ethnicity 

Chang et al. 2009; Cutter et al. 2003; Davis 1977; Geipel 1982; Kamel 
and  Loukaitou‐Sideris  2004;  Klinenberg  2002;  Levine  et  al.  2007; 
Phillips et al. 2005; Tierney 2006 

x  

6. Income   Bolin 1993; Bolin and Standford 1991; Chang et al. 2009; Chien et al. 
2002; Cutter et al. 2003; Fothergill and Peek 2004; Levine et al. 2007; 
Phillips et al. 2005; Tierney 2006; Wright and Johnston 2010 

x x

7. Occupation 
status 

Cutter et al. 2003; Levine et al. 2007; Tierney 2006; Geipel 1982  x  

8. Car ownership  Chang  et  al.  2009;  Levine  et  al.  2007;  Tierney  2006  ; Wright  and 
Johnston 2010 

 x

9.  
Homeownership 
10. Dwelling Type 

Chang et al. 2009; Chien et al. 2002; Cutter et al. 2003; Davis 1977; 
Geipel 1982; Phillips et al. 2005; Tierney 2006; Wright and  Johnston 
2010 

x  

11. Disabilities and 
Health Status 

Aldrich, Benson 2008; Fothergill and Peek 2004;  Levine et al. 2007; 
Phillips 2005; Wisner 2002; Wright and Johnston 2010 

x x

12. Skills and 
education 

Chien et al. 2002; Davis 1977; Levine et al. 2007; Phillips et al. 2005; 
Tierney 2006  

x x

13. Pets  Heath et al. 2001  x x

1: Decisions Criteria based on desirability to leave home (D1, D2, D3) 

2:  Decisions Criteria based on desirability to seek public Shelter (D4) 

4.4.2 Urban Audit Data 

While the literature survey provides the study with a comprehensive and far-reaching wish 

list of indicators, an important requirement for the SYNER-G approach is that it should be 

practical and implementable within SYNER-G, so that it is possible to quantitatively populate 

the socio-economic indicators based on an approach harmonized at the European level.  

Thus, data was compiled from the EUROSTAT Urban Audit for European cities at the sub-

city districts (SCD) level and used as a next step to pre-select the most relevant indicators 

from the Urban Audit that were found in the literature survey. 
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Appendix A (A1 and A2) provides a full list of indicators and data available from Urban Audit 

at the sub-city district level. The first full-scale European Urban Audit took place in 2003 for 

the then 15 countries of the European Union, after a "pilot"- Urban Audit in 1999. In 2004, 

the project was extended to the 10 new Member States plus Bulgaria, Romania and Turkey 

(25 EU countries). For the 2003/2004 data collection exercise, 336 variables were collected, 

covering most aspects of urban life. A collection of urban statistics has started in 2009 and 

first results are expected to be published in 2011. From the 336 variables, about 270 derived 

indicators were calculated by Eurostat. The following domains are covered by the Urban 

Audit dataset (Table 4-2):  

Table 4-2 Domains covered in the Urban Audit Database 

1. Demography  6. Environment  
1.1 Population  6.1 Climate/Geography  
1.2 Nationality  6.2 Air quality and noise  
1.3 Household structure  6.3 Water  
2. Social aspects  6.4 Waste management  
2.1 Housing  6.5 Land use  
2.2 Health  7. Travel and transport  
2.3 Crime  7.1 Travel patterns   
3. Economic aspects  8. Information Society   
3.1 Labour market  8.1 Users and infrastructure   
3.2 Economic activity  8.2 Local e-government   
3.3 Income disparities and poverty 8.3 ICT sector  
4. Civic involvement  9. Culture and recreation   
4.1 Civic involvement  9.1 Culture and recreation   
4.2 Local administration  9.2 Tourism   
5. Training and training provision   
5.1 Education and training provision   
5.2 Educational qualifications   

 

Based on data available from the Urban Audit and the literature study the following indicators 

were selected to represent the most relevant indicators related to the desirability to evacuate 

(Table 4-3) and the desirability to seek public shelter (Table 4-4). 
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Table 4-3 Urban Audit Indicators influencing Desirability to Evacuate 

Decision Factors Urban Audit Indicators 
Household Tenure 
(Owner vs. Renter) 

- Prop. of households living in priv. rented housing  
- Proportion of households living in owned dwellings 

Housing Type (Single, 
Multi‐family) 

‐ Number of houses per 100 apartments 
‐ Proportion of households living in social housing 
‐ Proportion of Dwellings lacking basic amenities  
‐ Proportion of non‐conventional dwellings 

Household Type 
(Large Families with 
Children, Single 
Parents) 

‐ Avg. Size of households 
‐ Lone‐parent households with children aged 18 or under 
‐ Proportion of households living in social housing 

Age (Children and 
Elderly) 

‐ Proportion of total population aged 0‐4  
‐ Proportion of total population aged 75 and over 
‐ Mortality rate for population aged 65 and under 

Perceived Security of 
Neighborhood 
 

‐ Total Number of Recorded Crime per 1000 population 

 

Table 4-4 Urban Audit Indicators influencing Desirability to Seek Public Shelter 

Decision Factors Urban Audit Indicators 

Income 
- Percent of households with less than 60% of the national median 

annual disposable income.                                                                            
- Proportion of households reliant upon social security 

Unemployment  - Unemployment rate 

Migration/Ethnicity 

‐ Participation rate at national/city l elections                                            
‐ Number of residents born abroad (not only nationals)   
‐ Residents who are not EU Nationals and citizens of a country with 

a very high or high HDI 
‐ Residents who are not EU Nationals and citizens of a country with 

a medium or low HDI                                                                                     

Education 
‐ Prop. of working age population qualified at level 1, 2, 3 4, 5 and 6 

ISCED 

 

In order to narrow down the selection of the most influential indicators from the Urban Audit 

and to assign a set of default weights a factor analysis was conducted with the Urban Audit 

data. Out of the 338 indicators described in the Urban Audit, currently data is available for 

only 44 indicators at SCD level. The 44 indicators were analyzed for two periods (see 
Deliverable 4.5) 

• 1999-2002: 7856 districts in 321 cities in 30 European countries 

• 2003-2006: 2972 districts in 173 cities in 24 European Countries  
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The PCA provides a possibility to model the relative influence of each data in terms of their 

explanatory power (i.e., how much of the statistical variation can be explained by each 

indicator). Thus, the overall weight of each indicator is composed of an importance weight 

(wim
i) (assigned with a group of experts) and an influence weight (win

i) (derived from PCA 

Analysis), which enable accounting for mutual dependencies among the different indicators 

within the framework. To receive the overall weight wi of an indicator I, importance-weights, 

wim, are multiplied with the dependence or influence weights, wdp and wim 

im dp
i i iw w * w=                                                          Equation 4-3                          

im dp
i iwith  0 w 1  and  0 w 1≤ ≤ ≤ ≤ . 

 It should be noted here that perceived importance weights are different from influence 

weights defined by the PCA. For example, being a homeowner might be perceived to be a 

very important variable in the decision to evacuate (high perceived importance weights), 

however, there is very little variation in the number of homeowners across the city. In this 

case the number of homeowners has a low influence weight, as removing the indicator from 

the analysis will not impact the final output value (i.e., resistance to evacuation) very much. 

Table 4-5 provides the results of the primary components of the PCA analysis and the 

strongest correlated indicator for each component, along with its correlation value. 

Table 4-5 Results of Principle Component Analysis of Urban Audit Data 

No  Subjective Factors  Strongest correlated indicator  Strongest 
correlation 

value 
1  Mortality/Age  SA2016I: Mortality rate for <65 per year  ‐0.88 

2  Education  TE2028I: Prop. of working age population 
qualified at level 3 or 4 ISCED 

+0.77 

3  Lone Parent with 
Children 

DE3005I: Prop. of households that are 
lone‐parent households 

+0.68 

4  Population Density  EN5101I: Population density: total 
resident pop. per square km 

‐0.64 

5  Migration/Ethnicity  DE2006I: Proportion of Residents who are 
not EU Nationals and citizens of a country 

with a  medium or low HDI 

+0.58 

6  Gender  DE1003I: Proportion of females to males 
in total population 

+0.51 

7  Unemployment  EC1020I: Unemployment rate  ‐0.54 

8  Sub‐standard 
Housing 

SA1018I: Proportion of dwellings lacking 
basic amenities 

+0.67 
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5 Model Application in Istanbul 

To demonstrate the prototype methodology it has been applied in a pilot test-bed study in 

Istanbul. The goal here is to demonstrate how such a framework can be used as a 

communication tool for decision makers in disaster risk management through the interactive 

modelling of indicator weights or complementing the existing system of indicators with 

additional available data (e.g. for the assessment of additional vulnerability dimensions). 

Istanbul appeared as the best solution in terms of data availability, with the following 

restrictions. Urban Audit collected only six indicators in Istanbul, and even if the set is 

complete for all of the more than 300 sub-city-districts, these are too little variables for the 

model implementation. For this testing, recourse to smaller scale is unavoidable. Because of 

the high risk of strong earthquake occurrence, Istanbul “[…] has been the focus of a number 

of scenario-based damage assessment studies following the 1999 Kocaeli earthquake […]” 

during the last years. In a collaborative study between the Earthquakes and Megacities 

Initiative, the Center of Disaster Management and Risk Reduction Technology in Karlsruhe, 

and the Boğaziçi University’s Center for Disaster Management, extensive earthquake 

vulnerability studies were carried out for Istanbul to develop seismic vulnerability scenarios. 

For model implementation, the data set collected of this “Megacity Indicators” project (see: 

Khazai, Kilic et al. 2009) will be used. They had already compiled broad population statistics, 

and building and utility fragilities for Istanbul. 

5.1 ISTANBUL – PILOT STUDY 

Istanbul is situated along the Bosporus strait, an important trade route between Black Sea 

and Mediterranean Sea. With approximately 13 million inhabitants, Istanbul is a megacity, 

the most populated city of Turkey and one of the biggest cities in the world. The population is 

continuously growing since the 1950's through internal migration towards Istanbul due to the 

prospering industrial center and almost doubled between 1990 with 6,629,431 inhabitants, 

and today (European Capital of Culture 20101). The city extends over an area of 5,512km2 

and the inhabitants are living in 2,291,228 residential buildings, while more than 300,000 of 

them are unoccupied (European Capital of Culture 20102). 

                                                 

1http://www.ibb.gov.tr/sites/ks/en-US/0-Exploring-The-
City/Location/Pages/PopulationandDemographicStructure.aspx 
2 http://www.ibb.gov.tr/sites/ks/en-US/0-Exploring-The-City/Location/Pages/IstanbulinNumbers.aspx 
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Istanbul is located only 20km north of the active North Anatolian Fault. This fault extends 

westward from a junction with the East Anatolian Fault at the Karliova Triple Junction in 

eastern Turkey, across northern Turke, through the Marmara Sea into the Aegean Sea, as 

shown in Figure 5-1. The seismic activities along the 1300 km long North Anatolian Fault 

during the last century is shown in Figure 5-2: “Starting from 1939 Erzincan earthquake, a 

migration of earthquakes on the fault was observed” (Mineral Research and Exploration 

General Directorate3), as far as Izmit in 1999. These earthquakes are listed below the figure 

in order of their appearance from east to west. The Izmit earthquake with a magnitude of 7.6 

in August 1999 has been the latest strong event at this fault that killed at least 17,118 

people, injured 50,000 persons, and about 500,000 people become homeless. This 

earthquake also caused significant damages in Istanbul (USGS4). The progression of the 

earthquakes along the North Anatolian Fault raises concerns for the occurrence of a great 

earthquake event in Istanbul area. To conclude, Istanbul is highly earthquake prone lying 

close to the active North Anatolian Fault and is highly vulnerable due to its continuous 

population growth, and low building standards in terms of earthquake resistance. 

 

Source: http://en.wikipedia.org/wiki/File:Anatolian_Plate.png 

                                                 
3 http://www.mta.gov.tr/v2.0/eng/default.php?id=marmara-earthquake 
4 http://neic.usgs.gov/neis/eq_depot/1999/eq_990817/ 

Figure 5-1 Anatolian Fault Map 
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1939-12-26 Erzincan, Turkey M 7.8   Fatalities 32,700 

1942-11-26  Havza, Turkey  M 7.6   Fatalities   4,000  

1943-11-26  Ladik, Turkey  M 7.6   Fatalities   4,000  

1951-08-13  Kursunlu, Turkey  M 6.7   Fatalities        50  

1944-02-01  Gerede, Turkey  M 7.4   Fatalities   2,790  

1957-05-26  Bolu Province, Turkey  M 7.1   Fatalities        66  

1967-07-22  Mudurnu Valley, Turkey  M 7.3   Fatalities      173  

1999-08-17 Izmit, Turkey M 7.6   Fatalities 17,118 

1999-11-12 Duzce, Turkey M 7.2   Fatalities      894 

Figure 5-2: Westwards progression of earthquakes along North Anatolian fault.  

Source: http://www.elarms.org/turkey/index.php 

5.2 REQUIRED SHELTER CAPACITIES 

Istanbul is currently divided into 39 districts, but the utilized data set for this implementation 

(from Khazai, Kilic et al. 2009) is relying on the older district systematic with only 30 districts. 

These districts are not equal to the Urban Audit Sub-City-District level with more than 310 

units. Data are available to fulfill the required of the proposed Shelter Seeking Population 

Index, and completely available over the districts.  

 



 

28  

 

In the following, the estimation results for the case study of Istanbul will be presented using 

the aforementioned data base. For reasons of lucidity, this text only shows the calculation 

outcome, while the complete execution is attached. 

The first decision step is asking for the number of homeless, due to damaged buildings and 

uninhabitable conditions, Displaced Persons Index (DPI). Because these calculations are 

based on census data of the year 2000, the number of homeless people is expected to be 

greater today due to increasing population growth in most districts. Calculating the Displaced 

Persons Index (DPI) and estimating the number of people proceeding to public shelter 

(Shelter Seeking Index, SSI), requires a set of vulnerability indicators (Error! Reference 
source not found.). The available data set (from Khazai, Kilic et al. 2009) for Istanbul does 

not include all of the recommended variables of the proposed model. These are: earthquake 

insurance; children under 9 years; elderly over 65 years; percentage of disabled persons; 

unemployment; welfare recipients; the proportion of illiterate population; and shelter 

accessibility. These indicators will be used in the analysis. Each indicator was weighted, and 

served summarized for the outcome of each decision step, and finally for the estimations of 

shelter seeking population.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

D2: Desirability to leave home  D3: Ability to leave home  D4: Lacking alternatives 

Factor  Description    Factor  Description   

CHD 
Children under  

9 years 
AGE  Elderly over 65 years  INC 

Earthquake 

insurance 

EDU  Illiterate population  DIS  Disabled persons  SOL  Solidarity 

INC  Welfare recipients  OSP  Open space in the area    

UNE  Unemployment      

Figure 5-3 Considered Vulnerability Indicators for Istanbul Implementation 
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According to the described methodology, the Displaced Persons Index is comprised of the 

Uninhabitable Building Index (UBI) and the Lack of Resistance to Evacuation Index (LRE). 

UBI is influenced directly by the descriptors comprising Building Damage Ratios, Utility 

Losses and Weather conditions. The proportion of persons in uninhabitable buildings was 

computed in each district for good weather conditions (Utility Loss Tolerance Thresholds for 

FU – Fully Usable Buildings assumed as 1.0, PU – Partially Usable assumed as 0.9).  Figure 

5-4 shows the distribution of UBI (1.0 is completely uninhabitable and 0.0 is completely 

habitable) where the values for 500m grid cells were aggregated to the 32 districts of 

Istanbul. 

 

Figure 5-4 Building Habitability Index during "good weather" conditions for Istanbul 

The figure below (Figure 5-6) shows the Displaced Persons Index (DPI) ranking of districts in 

Istanbul based on the combination Uninhabitable Building Index (UBI) and the Lack of 

Resistance to Evacuation Index (LRE). As expected it can be seen in Figure 5-5 that the 

distribution of the UBI rankings closely follows the physical building damage in Istanbul and 

there is a sharp contrast in the ratios of persons living in uninhabitable buildings throughout 

the districts. However, the lack of resistance to evacuation, determined here in terms of 

socio-economic factors such as children, elderly, disabled, preparedness and earthquake 

insurance, follows a more homogeneous distributions across the 32 districts. 
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Figure 5-5 Building Uninhabitability Index (Left) and Lack of Resistance to Evacuation (Right) 

 

 

Figure 5-6 Displaced Persons Index ranking for Istanbul Districts 
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Figure 5-7 Lack of Resources and Shelter Accessibility as input for Shelter Seeking Index (SSI) 

 
Figure 5-8 Shelter Needs Index (SNI) as a product of Dispalced Persons and those seeking 

public shelter 
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The mapping of the required shelter capacities of the estimates in comparison to local public 

shelter capacities (e.g. in schools, barracks, ect.) identifies hot spot areas where most 

assistance will be needed. Information about that are very useful for the disaster 

management preparedness planning. For reliable estimations, actual data are needed about 

the mentioned vulnerability indicators, the building inventory, and fragility estimations on 

sub- city- district scale. 
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Appendix A 

A.1 LIST OF URBAN AUDIT INDICATORS 

 List of Urban Audit Variables 

  Code    Label    Unit   
 Spatial 
unit    LCA    annual   

 DE1001V   Total Resident Population    number    CLSN    LCA    annual   
 DE1002V   Male Resident Population    number    CLSN      annual   
 DE1003V   Female Resident Population    number    CLSN      annual   
 DE1040V   Total Resident Population 0-4    number    CLSN    LCA    annual   
 DE1043V   Total Resident Population 5-14    number    CLSN    LCA    annual   
 DE1046V   Total Resident Population 15-19    number    CLSN    LCA    annual   
 DE1049V   Total Resident Population 20-24    number    CLSN    LCA    annual   
 DE1052V   Total Resident Population 25-54    number    CLSN    LCA    annual   
 DE1025V   Total Resident Population 55-64    number    CLSN    LCA    annual   
 DE1028V   Total Resident Population 65-74    number    CLSN    LCA    annual   
 DE1055V   Total Resident Population 75 and over    number    CLSN    LCA    annual   
 DE2001V   Residents who are Nationals    number    CLSN    LCA    annual   
 DE2002V   Residents who are Nationals of other EU Member State    number    CLSN    LCA     
 DE2003V   Residents who are not EU Nationals    number    CLSN    LCA     
 DE2005V   Residents who are not EU Nationals and citizens of a country with high HDI    number    CLSN       

 DE2006V  
 Residents who are not EU Nationals and citizens of a country with a medium 
or low HDI    number    CLSN       

 DE2004V   Nationals born abroad    number    CLSN       
 DE3001V   Total Number of Households (excluding institutional households)    number    CLSN    LCA    annual   

D
em

og
ra

ph
y 

 DE3017V   Total Resident Population living in households (excluding institutional  number    CLSN       
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households)   
 DE3002V   One person households    number    CLSN      annual   
 DE3005V   Lone parent households (with children aged 0 to under 18)    number    CLSN       
 DE3008V   Lone pensioner (above retirement age) households Total    number    CLSN       
 SA1001V   Number of conventional dwellings    number    CLSN    LCA    annual   
 SA1012V   Households in social housing    number    CLSN       
 SA1018V   Dwellings lacking basic amenities    number    CLSN       
 SA2016V   Total deaths under 65 per year    number    CLSN       
 SA2019V   Total deaths per year    number    CLSN      annual   
 SA3001V   Total number of recorded crimes within city [country for national data]    number    CLSN       

S
oc

ia
l 

 SA3007V   Number of domestic burglary    number    CLSN      annual   
 EC1001V   Total Economically Active Population    number    CLSN    LCA    annual   
 EC1002V   Male Economically Active Population    number    CLSN      annual   
 EC1003V   Female Economically Active Population    number    CLSN      annual   
 EC1142V   Total Economically Active Population 15-24    number    CLSN    LCA     
 EC1010V   Residents Unemployed    number    CLSN    LCA    annual   
 EC1148V   Residents Unemployed 15-24    number    CLSN    LCA     
 EC1151V   Residents Unemployed 55-64    number    CLSN       
 EC3039V   Median disposable annual household income    euro    CLSN    LCA   
 EC3056V   Total Number of Households (relating to the reported household income)    number    CLSN       

 EC3057V  
 Total Number of Households with less than half of the national average 
disposable annual household income    number    CLSN      annual   

 EC3060V   Total Number of Households reliant on social security benefits (>50%)    number    CLSN       

E
co

no
m

ic
 A

sp
ec

ts
 

 EC3063V   Individuals reliant on social security benefits (>50%)    number    CLSN       
CI1009V  City Elections: Number of voters turned out  number  CS  LCA   
CI1020V  Participation rate at national elections  ratio  CS  LCA   

C
iv

il 
in

vo
lv

em
en

t 

CI1021V  Participation rate at city elections  ratio  CS  LCA   

in
g 

an
d 

ed
uc

 TE2025V  
 "Number of residents (aged 15-64) with ISCED level 0, 1or 2 as the highest 
level of education"    number    CLSN    LCA   
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 TE2028V  
 Number of residents (aged 15-64) with ISCED level 3or 4 as the highest level 
of education    number    CLSN    LCA   

 TE2031V  
 Number of residents (aged 15-64) with ISCED level 5 or 6 as the highest level 
of education    number    CLSN    LCA   

 EN5003V   Total land area (km2) according to cadastral register    km2    CLSN    LCA   
 EN5012V   Green space area (km2)    km2    CLS       

E
nv

iro
nm

en
t 

 EN5001V   Green space (in hectares) to which the public has access    hectares    CLS       
 TOTAL 50 variables in 6 categories on SCD level         

A.2 LIST OF URBAN AUDIT VARIABLES 

   Code   List of Urban Audit Indicators  Numerator  Denominator   Spatial 
Unit   LCA    key  

DE1001I    Total resident population    DE1001V    -   C,L,S   LCA   key  
DE1040I    Proportion of total population aged 0-4    DE1040V    DE1001V    C,L,S   LCA    
DE1003I    Proportion of females to males in total population    DE1003V    DE1002V    C,L,S       
DE1061I    Total population change over 1 year    DE1001V (t)   DE1001V (t-1)   C,L,S   LCA   key  

DE1062I    Total annual population change over 5 approx.years    DE1001V (t)  
 
nSQR(DE1001
V)  (t-n) 

 C,L,S   LCA   key  

DE2005I    Proportion of Residents who are not EU Nationals and citizens 
of a country with  high HDI  DE2005V    DE1001V    C,L,S       

DE2006I    Proportion of Residents who are not EU Nationals and citizens 
of a country with a  medium or low HDI    DE2006V    DE1001V    C,L,S       

DE3003I    Total number of households    DE3001V    -   C,L,S    LCA    
DE3004I    Average size of households    DE3017V    DE3001V    C,L,S      key  
DE3002I    Proportion of households that are 1-person households    DE3002V    DE3001V    C,L,S      key  
DE3005I    Prop. of households that are lone-parent households    DE3005V    DE3001V    C,L,S       

D
em

og
ra

ph
y 

DE3008I    Prop. households that are lone-pensioner households    DE3008V    DE3001V    C,L,S       
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   Code   List of Urban Audit Indicators  Numerator  Denominator   Spatial 
Unit   LCA    key  

SA1001I    Number of dwellings    SA1001V    -   C,L,S   LCA    
SA1018I    Proportion of dwellings lacking basic amenities    SA1018V    SA1001V    C,L,S       
SA1012I    Proportion of households living in social housing    SA1012V    DE3001V    C,L,S       

SA2029I    Crude death rate per 1000 residents   
 
SA2019V*10
00   

 DE1001V    C,L,S       

 SA2030I    
Crude death rate of male residents per 1000 male residents   

  
SA2020V*10
00   

  
DE1002V   

  
C,L,S       

SA2031I   Crude death rate of female residents per 1000 female residents  
 
SA2021V*10
00   

 DE1003V    C,L,S       

SA2019I    Total deaths per year    SA2019V      C,L,S       

SA2016I    Mortality rate for <65 per year    SA2016V   

DE1040V +  
DE1043V +  
DE1046V +  
DE1052V +  

 DE1025V 

 C,L,S       

So
ci

al
 A

sp
ec

ts
 

SA3001I    Total Number of recorded crimes per 1000 population   
 
SA3001V*10
00   

 DE1001V    C,L,S       

EC1201I    Annual average change in employment over approx. 5 years   
EC1001V(t)-
EC1001V(t-
n) 

nSQR(EC1001
V 
-EC1001V)(t-n) 

 C,L,S   LCA    

EC1010I    Number of unemployed    EC1010V    -   C,L,S    LCA    
EC1020I    Unemployment rate    EC1010V    EC1001V    C,L,S   LCA   key  
EC1148I    Proportion of residents unemployed 15-24    EC1148V    EC1142V    C,L,S   LCA    
EC1202I    Proportion of unemployed who are under 25    EC1148V    EC1010V    C,L,S   LCA    

Ec
on

om
ic

 A
sp

ec
ts

 

EC1005I   Net activity rate residents aged 15-64  EC1001V-
EC1010V   

DE1046V +  
DE1049V +  
DE1052V +  

 DE1025V   

 C,L,S  LCA   
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   Code   List of Urban Audit Indicators  Numerator  Denominator   Spatial 
Unit   LCA    key  

 EC1006I  Net activity rate residents aged 15-24  EC1142V-
EC1148V 

DE1046V +
DE1049V  C,L,S    

EC1007I    Net activity rate residents aged 55-64    EC1145V-
EC1151V    DE1025V    C,L,S       

EC3039I    Median disposable annual household income (for city or NUTS 
3 region)    EC3039V    -   C,L,S    

 CA    

EC3057I    Percent. households with less than half nat.aver.income    EC3057V    EC3056V    C,L,S      key  

EC3055I    Percent. households with less than 60% of the national median 
annual disposable income    EC3055V    EC3056V    C,L,S       

EC3060I   Proportion of households reliant upon social security    EC3060V    EC3056V    C,L,S       
EC3063I    Proportion of individuals reliant on social security    EC3063V    DE1001V    C,L,S       

TE2025I    Prop. of working age population qualified at level 1 or 2 ISCED    TE2025V   

DE1046V +  
DE1049V +
DE1052V +
DE1025V 

 C,L,S   LCA   key  

TE2028I    Prop. of working age population qualified at level 3 or 4 ISCED    TE2028V   

DE1046V +  
DE1049V +  
DE1052V +  

 DE1025V   

 C,L,S    LCA   

Tr
ai

ni
ng

 a
nd

 e
du

ca
tio

n 

TE2031I    Prop. of working age population qualified at level 5 or 6 ISCED    TE2031V   

DE1046V +  
DE1049V +  
DE1052V +  

 DE1025V   

 C,L,S   LCA   key  

EN5003I    Total land area (km2) -according to cadastral register    EN5003V    -   C,L,S   LCA   key  

EN5001I    Green space (in m2) to which the public has access per capita   
 
EN5001V*10
000   

 DE1001V    C,L,S       

EN5012I    Proportion of the area in green space    EN5012V    EN5003V    C,L,S       

En
vi

ro
nm

en
t 

EN5101I    Population density: total resident pop. per square km    DE1001V    EN5003V    C,L,S   LCA   key  
 TOTAL 41 Indicators in 5 categories on SCD level           

 




