
Building the ‘Disaster Risk 

Assessment Index’ 
 

   Giovanni Marin          Marco Modica          Susanna Paleari           Roberto Zoboli 

Università di Urbino           GSSI               CNR – IRCrES        Università Cattolica 

Sixth IAERE Annual 

Conference 

 
15-16 February 2018, Turin  



Summary 

Background of the Economics of Natural 
disasters 

 

The elements of the disasters chain 

 

Building the composite indicators 

 

Results and discussion 

 

Conclusion 

 

 

 

15/02/2018 The Disaster Risk Assessment Index  2/113 



Introduction 

A natural disaster is the consequence of extreme 
natural events such as earthquakes, floods, 
eruptions, hurricanes and so on (Bankoff et al., 
2003) 
 

Human activities may amplifie the consequence of 
a natural disaster  

 

Natural disasters produce in the short run:  
Life loss 

Physical capital destrcution 

Monetary costs 
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Background (1) 

 The number of natural disasters seem to 

be increasing in the last 30 years 

 

 Consequently, the overall losses 

increases 

 

 Also insured losses and the number of 

fatalities seem to be increasing 
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Background: the impact of disasters 

 2011 – Japan 19,575 deaths, 6,156 injured, and 2,546 people 
missing 

 

 2011 – Japan 45,700 buildings were destroyed and 144,300 
were damaged  

 

 2011 – Japan: Insured losses US$34.6 billion. The World 
Bank's estimated overall economic cost of US$235 billion. 
The Bank of Japan offered US$183 billion to the banking 
system as an effort to normalize market conditions 

 

 2009 – L’Aquila 308 deaths, approximately 1,600 people were 
injured and around 65,000 people were rendered homeless 

 

 2009 – L’Aquila Costs are estimated in about 10 billion euros 
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Background: the potential opportunities 

However, natural disasters may be also 
opportunity (e.g. the Italian Government 
allocates € 14.767 billion for reconstruction, 
estimated in about 10 years) 

 

Reconstruction 

 

Build new infrastructure 

 

Firms’ strategic choices 
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The study of disasters 

Any disaster chain might be thought as a 

sequence where natural systems and 

human systems are both interrelated. 

 

 In considering the impact of disasters on 

socioeconomic activities, five concepts 

stem from disaster literature: Exposure, 

Vulnerability, Hazard, Risk, Damage, Loss 

and Resilience. 
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The study of disasters: important concepts 

Exposure is all the objects that are potentially affected 
by a shock, such as buildings and infrastructure when 
considering physical exposure, or population when 
considering socio-economic exposure)  

 

Vulnerability is the inherent characteristics that create 
the potential for harm  (Modica and Zoboli, 2016)  

 

Hazard refers to the natural events that may affect 
different places singly or in combination (coastlines, 
hillsides, earthquake faults, savannahs, rainforests, 
etc.) at different times (season of the year, time of day, 
over return periods of different duration)” (Wisner et 
al., 2004, p. 45). 
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The study of disasters: important concepts (2) 

 Risk ought to be thought of as “a product of three major elements: exposure 
to hazards (e.g. that which is affected by natural disasters), the frequency or 
severity of the hazard and the vulnerability” (Birkmann, 2007, p. 21). More 
precisely, it is the likely level of loss from a given magnitude of hazard 
combined with the potential for harm (Alexander, 2000). 

 

 Resilience is  
 the capacity to bounce back  

 to resist a given shock 

 the ability to adapt after a shock and to develop new growth paths (Martin, 2012) 

 

 Damage attempts to measure, in economic terms, the degree of harm which 
structures or other physical assets have suffered due to a catastrophic 
event. 

 

 Loss is “the change in wealth caused by damage to structures or other 
physical assets” (Kliesen, 1994, p. 1), and it can be split into either direct or 
indirect losses; market vs. nonmarket effects; redistribution and wealth (see 
ECLAC, 2003; FEMA, 1992; and Pelling et al., 2002, for more details). 
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The study of disasters: the disaster chain 
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Building the composite indicators for natural 
disaster analysis 

We propose a composite indicator that 
summarizes all the factors that play a role in the 
management and assessment of disaster risk 

 

Namely, these factors are the risk, the exposure, 
the vulnerability and the resilience 

 

The indicator has to be considered as a Decision 
Support Tool for the disaster management in 
both an ex-ante perspective and in an ex-post.  
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Hazard 

Measures of hazard are typically provided by 
institutional sources based on studies carried out 
by national research institutes.  

 

In our paper we also calculate a synthetic 
measure of multi-hazard risks at municipal level.  

 

More in details, we focus on the following 
hazards: landslides, floods, earthquakes and 
volcanic eruptions. The data are provided by 
ISTAT. 
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Hazard 

  

(a) landslide hazard (b) hydrological hazard 

  

(c) seismic hazard (d) multi-hazard 

Figure 2. The hazard in Italy 
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Exposure 

 According to the existing literature (Cardona et al., 2012; 
Modica and Reggiani, 2015) suitable proxies able to provide 
useful  information for the potential direct ‘local’ losses 
suffered by selected areas due to natural disasters are:  
 
population density (proxy for potential life loss)  

 
employee density (proxy for exposure during ‘working hours’),  

 
 turnover (direct costs due to business interruption)  

 
 capital stock (direct costs due to the destruction of capital 

goods) 
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Exposure 

 While population and employee density can be timely retrieved 
from official statistics and censuses, turnover and capital stock need 
to be estimated in order to provide appropriate information of 
direct socio-economic exposure of territories.  
 

 The reason is the following: actual turnover and capital stock data 
are not available for most of the firms as a public and official data 
(e.g. firms' turnover is available for turnover bands) and no direct 
information is available for local units.  
 

 Then, these facts do not allow obtaining detailed information at low 
scale (e.g. municipal level) of both the measures of capital and 
turnover and they need to be estimated. (See Marin and Modica, 
2017 for details) 
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Exposure maps 
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(d) Source of intermediate goods (e) Destination of final goods as intermediates (f) Exposure index 

Figure 4. The exposure in Italy 

   

(a) Firms’ turnover (b) Stock of firms’ capital (c) Residential buildings 



Vulnerability and Resilience Index 

 The indicators of vulnerability and resilience are defined building on the 
work of Modica et al. (2018).  
 

 In their review of literature, the authors identify the attributes that are 
typically used in the construction of indicators of vulnerability and 
resilience to the natural disasters.  
 

 Moreover, they also count the number of times that a particular attribute 
is used in the literature. In this way we have a coherent method that is 
able to provide a selection of the indicators that builds on the literature 
but that is not influenced too much by the individual choice of the 
researchers.  
 

 Furthermore, the count of occurrences of each attribute reported Modica 
et al. (2018) allows to calculate a weighted synthetic indicator based on 
how many times an attribute appears in the literature. 
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Vulnerability and Resilience Index 

 Our strategy for the selection of attributes that compose the 
vulnerability and resilience indexes is to pick the variables that are 
used at least 5 time in the literature.  
 

 According to this strategy, the vulnerability index is composed by 18 
variables and the resilience index by 13 variables. 
 

 All the indicators composing the vulnerability or resilience indexes 
are scaled between 0 and 1 and the final indicators are defined as 
weighted average of the different components.  
 

 Then the indicators are again scaled between 0 and 1 to be 
aggregated in the overall composite indicator addressing all the 
aspects of the disaster risk assessment and management  
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Vulnerability Appearance Data source Note Weights 

  

1 Extension of agriculture 34.4 Agricultural Census 2010 Percentage of agricultural land  7.1473 + 

2 Dependency on agriculture 15.6 Agricultural Census 2010 Number of cattle per person 3.2412 + 

3 Age 43.8 Population Census 2011 Dependency ratio 9.1004 + 

4 Wealth 56.3 Ministry of Economy and Finance. Average income per household 11.697 - 

5 Poverty 40.6 Population Census 2011 Households with potential economic discomfort 8.4355 + 

6 Inequality 21.9 Atlante Prin-Postmetropoli Gini Index 4.5502 + 

7 Unemployment 25 Population Census 2011 Unemployment rate 5.1943 + 

8 Institutional capacity 18.8 Atlante Prin-Postmetropoli 

Synthetic index defined as the simple average of Z-scores of the two following indicators:  

- Employees in the Public administration over total population  

- Employees in state education over total population 

- Employees in public health 

3.9061 - 

9 Political rights 15.6 Ministry of Interior Turnover of 2014 EU Parliament election 3.2412 - 

10 Population pressure 40.6 Population Census 2011 Population density 8.4355 + 

11 Urbanisation 15.6 ISPRA  Land use per capita 3.2412 + 

12 Building characteristics 25 Atlante Prin-Postmetropoli Herfindahl-Hirschman index for residential, non-residential buildings (functional mix) 5.1943 + 

13 Ecosystem conversion 15.6 Agricultural Census 2010 % of agricultural area actually used (SAU) on total agricultural area 3.2412 + 

14 Previous disaster effects 18.8     0   

15 Education 43.8 Population Census 2011 
Ratio between people in the age 15-24 who does not attend a regular course of study and 

population of 15-24 years 
9.1004 + 

16 Family structure 15.6 Population Census 2011 Ratio between the number of single-parent households over total number of households 3.2412 + 

17 Female condition 15.6 
Population Census 2011 Male employment rate over females employment rate  3.2412 + 

18 Health 37.5 Ministry of Health Hospital beds for 10,000 inhabitants 7.7914 - 



  Resilience Appearance Data source Note Weights   

1 Density of business 19.4 DB Number of local units per km2 5.2277 + 

2 Wealth 71 Ministry of Economy and Finance. Average income per household 19.132 + 

3 Debt 22.6 AIDA - PA Debt of the public administration per capita 6.0900 - 

4 Poverty 29 Population Census 2011 Households with potential economic discomfort 7.8146 - 

5 Homeownership 19.4 OMI - Fiscal Agency Affordability index 5.2277 + 

6 Unemployment 51.6 Population Census 2011 Unemployment rate 13.905 - 

7 Productivity 22.6 Asia - Istat Turnover per employee 6.0900 + 

8 Sectorial dependence 16.1 DB 
Herfindahl-Hirschman concentration index of employees in the 

economic sectors 
4.3385 - 

9 Government effectiveness 19.4 AIDA- PA Paid expenditure / Committed expenditure of municipal governments 5.2277 + 

10 Institutional capacity 25.8 Atlante Prin-Postmetropoli 

Synthetic index defined as the simple average of Z-scores of the 3 

following indicators: 

- Employees in the Public administration over total population 

- Employees in state education over total population 

- Employees in public health 

6.9523 + 

11 Education 25.8 Population Census 2011 
Ratio between resident in the age 15-24 who does not attend a regular 

course of study and resident population of 15-24 years 
6.9523 + 

12 Health 22.6 Ministry of Health Hospital beds for 10,000 inhabitants 6.0900 + 

13 Social capital 25.8 Nannicini et al. (2013) 

Synthetic index defined as the simple average of normalized scores of 

the following indicators: 

- No. of non-profit association 

- Employees in non-profit association 

- Blood donations 

- No. of non-sport newspapers sold/1000 person 

- Answer to 'tolerance' question in the WVS 

- Answer to 'trust' question in the WVS 

6.9523 + 



Vulnerability and Resilience maps 
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(a) Vulnerability index (b) Resilience index 

Figure 5. Vulnerability and resilience index in Italy 



Disaster Risk Assessment Index 

  

(a) Multi-hazard, vulnerability and 

resilience index 

(b) Multi-hazard, vulnerability, resilience 

and exposure index 

Figure 7. Disaster risk assessment index 
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Disaster Risk Assessment Index: Cluster Analysis 
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a) Cluster analysis b) High – risk hot spots 



Disaster Risk Assessment Index: Cluster Analysis 
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Region (NUTS2) 

Share of 
municipalities in 

'danger' (weighted 
by population) 

  Province (NUTS3) Region (NUTS2) 

Share of 
municipalities in 

'danger' (weighted 
by population) 

Campania 0.7929 Napoli Campania 0.9773 

Sicilia 0.6486 Ragusa Sicilia 0.8289 

Calabria 0.5648 Catania Sicilia 0.8213 

Puglia 0.2355 Palermo Sicilia 0.8116 

Abruzzo 0.1737 Reggio di Calabria Calabria 0.7069 

Molise 0.0795 Siracusa Sicilia 0.6987 

Basilicata 0.0518 Benevento Campania 0.6756 

Lazio 0.0339 Catanzaro Calabria 0.6661 

Emilia-Romagna 0.0171 Caserta Campania 0.6484 

Umbria 0.0094 Messina Sicilia 0.6343 

Marche 0.0055 Barletta-Andria-Trani Puglia 0.5892 

Toscana 0.0044 Salerno Campania 0.5430 

Liguria 0.0032 Foggia Puglia 0.5255 

Friuli-Venezia Giulia - Avellino Campania 0.4859 

Lombardia - Cosenza Calabria 0.4794 

Piemonte - Crotone Calabria 0.4330 

Trentino-Alto Adige - Caltanissetta Sicilia 0.3799 

Valle d'Aosta - Vibo Valentia Calabria 0.3730 

Veneto - Teramo Abruzzo 0.3553 

Total 0.1819   Trapani Sicilia 0.3410 

Table  – Share of population in municipalities in 'hot spot' cluster with high-risk (fourth 
quartile) – Average by region and top-20 provinces 



Conclusion 

 In this paper we provided the mapping of several components that are useful in 
evaluating the disaster risk and the potential economic losses that can arise as a 
consequence of natural disasters.  
 

 The construction of various indicators, especially so for the vulnerability and 
resilience indexes, are strongly based on the existing literature, with the aim of 
minimizing the arbitrariness of the selection of indicators that affect the two 
concepts of vulnerability and resilience.  
 

 The maps show different patterns for different types of hazards. However it seems 
that greater criticalities arose for the Southern regions of Italy, where the 
combined effect of high probability of hazard with high level of vulnerability and 
low resilience may produce significant damages that will be persistent over time. 
 

 The tool proposed in our work is able to provide support for policy makers that 
have the need to identify priorities on possible intervention measures, to develop 
appropriate mitigation plans and to foster policies that may improve the resilience 
of communities. 
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