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Abstract 

 

This thesis aims at designing and implementing an information system to support 

surveying natural hazard events, damages and emergency response actions. Hence, the 

information system consisting of database and survey maps, can be used for conducting 

forensic analysis to study the causes of damage due to hazard events.  

To start the research, literature review was conducted to identify the core concepts such 

as hazard, exposure and vulnerability involved in damage assessment and to describe the 

methodologies for performing forensic analysis such as critical cause analysis, meta-

analysis, longitudinal analysis and scenario method. Moreover, data flow analysis was 

conducted for these methodologies to analyze which data are useful to perform forensic 

analysis. Hence, scenario method was identified for conducting the forensic analysis 

based on the literature review, which requires both damage data and data related to 

hazard, exposure and vulnerability according to the data flow analysis.  As a consequence, 

the information system was designed for collecting the required information, which will 

be further presented in the format of information survey map with the corresponding 

database for constructing and storing the information. More exactly, Fort McMurray 

wildfire event was introduced as the case study. 

We used Fort McMurray wildfire event starting on 1st May, 2016 as an application case 

study: the information survey maps for wildfire event, damage, and emergency response 

action were developed by ArcGIS Online, which were combined with the database created 

by ArcMap and further applied for collecting data by the innovative tool Collector for 

ArcGIS. Hence, the information was constructed and stored in the database within the 

information system, which can be used for constructing the complete post-event scenario 

for performing forensic analysis. More specifically, the wildfire event data including 

extensive size, perimeter and propagation, collected from the information system can be 

used for hazard analysis, while damage data for first damage assessment for exposure 

analysis. While data of emergency response actions can be applied for analyzing the 

resilience of emergency management team as an aspect of vulnerability analysis, a 

complete vulnerability requires more information than the current data collected by the 

information system for first damage assessment. Therefore, to construct a complete post-

event scenario for conducting forensic analysis, more detailed damage information was 

required which can be collected by the information system after a disaster, generalizing 

to cases different from the studied wildfire.  
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Abstract (Italian) 

 

La presente tesi si propone di progettare e implementare un sistema informativo a 

supporto del rilevamento di eventi naturali, danni e azioni di gestione delle emergenze. Il 

risultante sistema informativo composto database e da interfacce per la mappatura dei 

danni, può essere utilizzato nello svolgimento di analisi forense per studiare le cause dei 

danni dovuti a eventi dannosi naturali. 

Inizialmente, uno studio dello stato dell’arte è stata condotto sia per identificare i concetti 

fondamentali quali pericolo, esposizione e vulnerabilità utilizzati nella valutazione dei 

danni sia per descrivere le metodologie per l'esecuzione di analisi forense come l'analisi 

critica causa, meta-analisi, analisi longitudinale e il metodo di scenario. In particolare, il 

metodo dello scenario è stato approfondito per analizzare quali dati sono utili per 

eseguire l'analisi forense. Questo metodo è stato identificato per condurre l'analisi 

forense sulla base della letteratura, che richiede sia i dati danno sia i dati relativi a 

pericolosità, esposizione e vulnerabilità secondo l'analisi del flusso di dati. Di conseguenza, 

il sistema informativo è stato progettato per raccogliere le informazioni richieste, che 

verranno ulteriormente presentate sotto forma di mappa di indagine con il 

corrispondente database per la costruzione e la memorizzazione delle informazioni. Più 

esattamente, l’evento “Fort McMurray” è stato introdotto come caso studio. 

Il catastrofico incendio di McMurray ha avuto origine il 1° maggio 2016: il rilevamento 

delle informazioni per l’evento in esame, i danni, e l'azione di risposta di emergenza sono 

stati sviluppati da ArcGIS Online e sono stati combinati con il database creato da ArcMap 

e ulteriormente impiegati per la raccolta dei dati da parte dell’innovativo Collector Tool di 

ArcGIS. Quindi, l'informazione è stata strutturata e memorizzata nel database all'interno 

del sistema informativo, che può essere utilizzato per costruire lo scenario completo post-

evento per eseguire l’analisi forense. Più in particolare, i dati dell'incendio tra cui la 

dimensione, il perimetro e la propagazione, raccolti dal sistema informativo, possono 

essere utilizzati per l'analisi del pericolo, mentre i dati di danno per la prima valutazione 

dei danni per l'analisi di esposizione. Se i dati delle azioni di risposta di emergenza possono 

essere utilizzati per analizzare la capacità di recupero del team di gestione di emergenza 

come un aspetto di analisi della vulnerabilità, una completa analisi della vulnerabilità 

richiede più informazioni rispetto ai dati attuali raccolti dal sistema informativo. Pertanto, 

per la costruzione di uno scenario completo post-evento per lo svolgimento di analisi 

forense, informazioni più dettagliate sui danni sono necessarie che possono essere 

raccolte dal sistema di informativo dopo un disastro, generalizzando da casi diversi 

dall’evento studiato. 
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1 Introduction 

 

The occurrence frequency of natural hazard events has presented a significant increase 

trend in Europe, Asia and America countries, which result in huge physical damage and 

economic losses to the society. Hence, previous research has notified the necessary to 

analyze the causes of the damage. Moreover, research methodology, such as forensic 

analysis has been introduced for studying the causes of damage due to natural hazards. 

Accordingly, four common complementary modes such as critical cause analysis, meta-

analysis, longitudinal analysis and scenario method for performing forensic analysis were 

proposed in the previous study, and the scenario method was identified for conducting 

forensic analysis in this thesis based on the literature review. As a consequence, to 

construct a complete post-event scenario for forensic analysis, data related to hazard 

event and damage should be collected, which can be achieved by the design and 

implementation of an information system mainly consisting of database and survey maps. 

More exactly, Fort McMurray wildfire event was selected as the case study to design and 

implement the fore-mentioned information system for collecting the data for first damage 

assessment. Hence, the data collected by the information system for first damage 

assessment can be applied to building the complete post-event scenario for conducting 

the forensic analysis. 

 

1.1 Aims and Objectives 

 

The main aim of this thesis is to design and implement an information system for first 

damage assessment supporting forensic analysis of the causes of damage, with reference 

to the specific case Fort McMurray wildfire event. The second goal is to identify the 

methodologies for performing the forensic analysis to study the causes of damage. 

Another goal is to discuss the feasibility of building the complete post-event scenario with 

the data collected by the information system. Hence, to achieve these aims, an objective 

list was presented here to fulfill the fore-mentioned aspects: 
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1. Research the core concepts for conducting the damage analysis due to natural hazard 

events by literature review and relate the contents to perform forensic analysis; 

2. Conduct the survey of methodologies for performing forensic analysis including the 

data flow analysis prepared for building the database, and identify scenario method 

to perform forensic analysis based on the literature review; 

3. Collect the available information of Fort McMurray wildfire event to represent the case 

study; 

4. Design the Entity Relationship Diagram and Relational Model for Fort McMurray 

wildfire event, damage and emergency response action to create the database in 

ArcMap; 

5. Develop the information survey maps for wildfire event, damage and emergency 

response action in ArcGIS Online and make the survey maps accessible by both ArcGIS 

Online and Collector for ArcGIS; 

6. Discuss the feasibility of constructing a complete post-event scenario for performing 

forensic analysis with the data collected by the information system. 

 

1.2 Structure of the Thesis 

 

Chapter 2 introduced the core concepts involved with conducting damage analysis, such 

as hazard, exposure and vulnerability. More specifically, the definition, categories and 

representation methods of hazard, exposure and vulnerability were described, which were 

the main aspects for performing damage analysis. 

Chapter 3 has concluded the four complementary modes such as critical cause analysis, 

meta-analysis, longitudinal analysis and scenario method for performing the forensic 

analysis for the causes of damage. More exactly, methods for each fore-mentioned mode 

were introduced, which were also presented in the format of input and output data (data 

flow analysis) and therefore can be further applied as reference for creating the database. 

Chapter 4 mainly presented the Fort McMurray wildfire event as case study based on the 

information collected from the internet and publications by the media and local 

government. Hence, the dynamic evolution information of wildfire event, damage and 

emergency response action were presented with the timeline.   
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Chapter 5 has designed the Entity Relationship (E-R) Diagram and Relational model for the 

wildfire event, damage and emergency response action with reference to the data flow 

analysis of scenario method and the collected information presented in chapter 4, which 

were further used for creating the database in ArcMap. 

Chapter 6 presented the survey maps combined with the database built before (see 5.5 

database in ArcMap) for collecting data of wildfire event, damage and emergency 

response action in both ArcGIS Online and Collector for ArcGIS. Moreover, “how the 

information was inputted by the survey map” and “how the inputted data can be read” 

were introduced both by ArcGIS Online and by Collector for ArcGIS. Hence, the 

information data related to wildfire event, damage and emergency response were 

constructed and stored into the database which can be read from both the maps and the 

database created in chapter 5. 

Chapter 7 discussed how the data collected by the information system can be used for 

constructing the complete post-event scenario for conducting forensic analysis. Hence, 

how the data of wildfire event can be used for hazard analysis, how damage data used for 

first damage assessment can be used for exposure analysis, and how the data of 

emergency response action can be used for vulnerability analysis were introduced. 

However, the data collected for first damage assessment by the information system was 

not sufficient for building a complete post-event scenario. Hence, more detailed damage 

data needs to be collected which could be achieved by conducting survey for detailed 

damage assessment with the fore-mentioned information system after the disaster (e.g. 

wildfire). Moreover, the overall view achieved in the current thesis has been concluded in 

the second part of this section, where possible future work improvements related to this 

thesis are suggested for future work that might be conducted in the same field of study. 
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2. Core Concepts for Damage Assessment 

 

In order to conduct post-event damage assessment for a natural hazard (e.g. wildfire), 

outlining and defining some key terms and concepts becomes necessary. Here will 

introduce the main concepts such as hazard, exposure, vulnerability and risk. 

 

2.1 Hazard 

 

To start the post-event damage assessment, the hazard should be identified firstly. While 

for the definition of hazard, various studies have been conducted, which was presented 

in table 2.1. 

 

Table 2.1 - Definitions of hazard proposed in previous studies 

Authors Hazard definition 

Smith (1996) Hazard = potential threat 

Jones and Boer (2003); 
Helm (1996) 

An event with the potential to cause harm, e.g. tropical 
cyclones, droughts, floods, or conditions leading to an 
outbreak of disease-causing organisms 

Downing et al. (2001) A threatening event, or the probability of occurrence of a 
potentially damaging phenomenon within a given time period 
and area 

Walker et al. (2011) A physical event, phenomenon or human activity with the 
potential to result in harm 

IBSA (2015) A source or situation with a potential for harm in terms of 
human injury or ill health 

Oxford Advanced 
Learner’s Dictionary 

A thing that can be dangerous or cause damage 

 

Given the definitions presented in table 2.1, the main characteristic of a hazard is ‘with 

the potential to result in harm’ while it can be a physical event, natural phenomenon and 

human-made event. More exactly, the modes, categories and representation of hazard 

will be introduced in this section. 
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2.1.1 Hazard Modes 

 

According to MacCollum (2006), three modes, dormant, armed and active were defined 

and identified as following: 

1. Dormant: The situation presents a potential hazard while no exposures like population, 

property or environment is exposed to the hazard. An example that an unstable 

hillside with the potential for a landslide while no population or buildings were below 

or on the hillside can help to explain this mode. 

2. Armed: Population, property or environment are exposed to the potential harm. 

3. Active: A harmful incident involving the hazards has actually occurred, which is often 

referred to as an accident, emergency, incident or disaster. 

 

2.1.2 Hazard Categories 

 

With identifying the modes of hazard, the categorization of hazard can be conducted. 

More specifically, four categories were introduced here (Australian Government 

Comcare): 

1. Physical hazards: A physical hazard is a naturally occurring process with the potential 

to cause loss or damage, which can be in form of earthquakes, floods, landslides, snow 

avalanches, storms and tornadoes. Moreover, physical hazards always involve with 

both human and natural elements, like flood hazard can be influenced by the natural 

elements of climate fluctuations and storm frequency, and by human elements of land 

drainage and building in a flood plain.  

2. Chemical hazards: They are substances with potential to cause harm or damage to 

population, property or the environment. Moreover, the types of hazards can be 

liquids (e.g. acids, solvents especially if they do not have a label), vapors and fumes, 

and flammable materials, which can cause physical and/or health harms. In addition, 

the exposure to chemical hazards can be in form of ingestion, inhalation from fumes, 

poisoning and explosion. 

3. Mechanical hazards: They are any hazards involving a machine or process, which can 

be posed by motor vehicles, aircraft, air bags and compressed gases/liquids.  

4. Biological hazards: Many biological hazards are associated with food, including certain 

viruses, parasites, fungi, bacteria, and plant & seafood toxins, where pathogenic 

Campylobacter and Salmonella are recognized as common foodborne  

 



6 
 

 

biological hazards. Hence, the potential harm to humans is the disease in the form of 

infection by bacteria, antigens, viruses or parasites. 

 

2.1.3 Hazard Representation 

 

Based on the categorization of hazards, the representation of each category of hazard can 

be produced. More exactly, the statistical tables containing the frequency/number and 

damage/harm of a hazard will be made by Civil Protection Department (physical hazards 

& chemical hazards), Industrial Safety Administrative (chemical hazards & mechanical 

hazards), Highway Safety Administrative (mechanical hazards) (Jones 1992)and 

Health/Food Safety Administrative (biological hazards), which are the common 

representation formats of hazard. 

Moreover, with the development of hazard mapping technology, hazard map for 

earthquake, landslide and flood were well developed in Europe (Delmonaco et al. 2011), 

which provides another representation format of hazard. A flood hazard map, for example, 

can present the water depth/velocity of a section in a city/region/country. Hence, the land 

use planners can use the flood hazard map to conduct the land use planning.  

Accordingly, corresponding tools used for hazards visualization and mapping need to be 

introduced, which was presented in table 2.2 according to previous studies. 

 

Table 2.2 - Tools used for hazards visualization and mapping 

Authors Tools 

Joyce et al. (2009) Satellite remote sensing and image processing techniques 
(to map and monitor earthquake, faulting, volcanic activity, 
landslides, flooding and wildfire) 

Zerger (2002) GIS and digital elevation models (to map relative risk in 
urban communities) 

Dhakal et al. (2000); 
Lee and Pradhan (2007); 
Xu et al. (2012); 
Temesgen et al. (2001) 

GIS and remote sensing methods (to map landslides 
hazard) 

Toppe (1987) Terrain models based on the information derived from 
topographical maps (for snow-avalanche and rock-fall 
hazard) 

Kunz et al. (2011) An interactive cartographic information system (for the 
visualization of uncertainty in natural hazards assessment) 
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However, to apply the tools in table 2.2, the corresponding data should be prepared. 

Actually, previous research have been conducted to propose the framework for hazards 

mapping and visualization (Dhakal et al. 2000; Temesgen et al. 2001). More exactly, a 

framework for hazards mapping of landslides proposed by Dhakal et al. (2000) was 

introduced in figure 2.1. 

According to figure 2.1, the GIS database was created based on the existing data from 

analogue maps and aerial photos. More exactly, data derived from analogue maps 

provides the parameters such as slope gradient, slope aspect, distance from ridge/valley, 

while data from aerial photos provides the landslide distribution information. Hence, the 

database created in GIS can be used for Q-S II analysis based on the sampling of landslide 

and non-landslide groups. As a consequence, the factor-classes with their scores can be 

applied for landslide hazard mapping. 
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Analogue maps Aerial photos

Existing Data

-Slope gradient -Geology
-Slope aspect   -Drainage basin
-Elevation      -Land use
-Distance from  -Distance from
ridge            valley           

-Landslide 
distribution

Derived Data Layers (GIS database)

Classification of different combinations of sampled 
landslide and non-landslide grid-cells 

Quantification Scaling Type II analysis

Analysis

Factors-classes with their scores / Hazard 
classification

Landslide hazard 
maps

Hazard mapping and Evaluation of 
hazard maps

Evaluation and analysis of 
spatial agreement

 

Figure 2.1 - Framework of landslide hazard mapping (Modified from Dhakal et al. 2000) 
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2.2 Exposure 

 

With the hazard analysis result, the study of exposure can be conducted. Exposure, 

focusing on the socially valued elements that may potentially be damaged by a hazard, 

was defined as “the degree to which a natural or socio-economic system or natural or 

socio-economic community is exposed to potential hazards” (Walker et al. 2011). Here 

the potential hazard can be a physical hazard, chemical hazard, mechanical hazard or 

biological hazard as introduced in the hazard part (see 2.1.2 Hazard Categories). 

 

2.2.1 Exposure Measurement 

 

In terms of the measurement of exposure, monetary values are often adopted though this 

may be problematic for valued elements that are not simply equated to a monetary 

measure. Exposure of population, for instance, can be evaluated in terms of the number 

of population exposed to a potential hazard rather in a monetary value. More exactly, 

Peduzzi et al. (2009) has proposed a mathematic method for identifying the physical 

exposure of population to a potential hazard, which were presented in formula (2.1) and 

(2.2) as following: 

                                       
*

n

i

i

PhExp F Pop
                                                                        (2.1) 

Or,                                   

i

n

Pop
PhExp

Y


                                                                             (2.2) 

Where: PhExp: yearly average physical exposure for the spatial unit [exposed 

population/year]; 

F: annual frequency of a given magnitude event [event/year]; 

iPop : total population living in the spatial unit for each event “I” [exposed 

population/event]; 

n: number of events considered; 

nY : length of time [year]. 
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2.2.2 Exposure Representation 

 

While for representation of exposure, previous data and maps can provide some 

indicators mainly in terms of area where economic goods, infrastructure and population 

concentrated, which can be further used to produce the exposure index. However, 

possessing the knowledge that the area with largest concentration of people and goods is 

not enough to produce an exposure index (Delmonaco et al. 2011). Hence, the overlay of 

this data with the hazard map is required to represent the exposure data. 

Moreover, previous research has been conducted for exposure visualization and mapping, 

which was presented in table 2.3. 

Table 2.3 - Previous research of exposure visualization and mapping 

Authors Hazards Exposure elements 

Peduzzi et 
al. (2009) 

Tropical cyclones; 
Droughts; Earthquakes; 
and floods; (sum of the 
above-mentioned) 

Humans (different data have been used for 
assessing the physical exposure of human in 
terms of different hazard categories) 

Freire and 
Aubrecht 
(2012) 

Seismic hazard Humans (considering the dynamical 
population distribution in daytime and 
nighttime when conducting human’s 
exposure to seismic hazard) 

Lerner-Lam 
(2007) 

Cyclones; Drought; 
Flood; Earthquake; 
Volcanoes and 
landslides 

Land; Population; Economy; Agriculture and 
road density (different data from different 
source have been used to compute historical 
loss rate coefficients, which was then used to 
assess the exposure) 

 

More exactly, Lerner-Lam (2007) has not only summarized the data sources for various 

hazards (such as cyclones, drought, flood, earthquakes, volcanoes and landslides), but 

also concluded the data sources used for mortality and economic loss calculation for 

exposures elements such as land, population, economy, agriculture and road density 

which was presented in table 2.4. 
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Table 2.4 - Summary of data sources used for mortality and economic loss calculation 

Exposure 
elements 

Parameter Period Spatial 
resolution 

Source/comment 

Land Area 2000 2.5’ GPW Version 3 
(beta) 

Population Density 2000 2.5’ GPW Version 3 
(beta) 

Economy National/subnational GDP 2000 2.5’ World Bank DECRG 
based on Sachs et al 
(2001) 

Agriculture Allocation of national 
agricultural GDP to 
agricultural land 
classification 

2000 2.5’ World Bank DECRG 
based on Sachs et al 
(2001) 

Road 
density 

Length of roads and 
railroads 

ca. 
1993 

2.5’ VMAP(2000) 

 

With combination of the hazard data sources and the data source of losses of exposure 

elements as presented in table 1.4, the historical loss rate coefficients can be calculated, 

which was further used to compute potential mortality and economic loss with gridded 

population density (http://sedac.ciesin.columbia.edu/gpw/) and GDP per unit area (Sachs 

et al. 2001) for 2000, gridded on 2.5’  2.5’ cells (roughly 14 km2 on average). While for 

floods and droughts, the GDP for the agricultural sector was allocated according to the 

amount of land in agricultural production. Moreover, road and railroad lengths were used 

as proxies for infrastructure development. Hence, the exposure of different elements in 

terms of different hazards was assessed, which can be further used to construct the 

corresponding database for exposure visualization and mapping. 

  

http://sedac.ciesin.columbia.edu/gpw/
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2.3 Vulnerability 

 

To conduct the post-event damage assessment, the vulnerability of objectives of a natural 

or socio-economic system or natural or socio-economic community need to be evaluated 

after the hazard and exposure analysis. 

According to Fussel (2007), the scientific use application of “vulnerability” with the roots 

in geography and natural hazards research, is now becoming a central concept in various 

research contexts such as natural hazards and disaster management, ecology, public 

health, poverty and development, secure livelihoods and famine, sustainability science, 

land use, and climate impacts and adaption. Moreover, the term “vulnerability” is 

conceptualized in various ways by scholars from different domains and even within the 

same domain. For instance, natural scientists and engineers tend to apply the term in a 

descriptive manner whereas social scientists ten to use it in the context of a specific 

explanatory model (O’Brien et al. 2004a; Gow 2005). 

Hence, according to a recent overview of definitions of “vulnerability” (Kasperson et al. 

2005), no single ‘correct’ or ‘best’ conceptualization of vulnerability that would fit all 

assessment contexts. Instead, the diversity of conceptualizations is seen primarily as a 

consequence of the term “vulnerability” being used in different policy contexts, referring 

to different systems exposed to different hazards. 

Therefore, in the natural hazard research field, vulnerability can be broadly defined as the 

capacity of a natural or socioeconomic community or a natural or socio-economic system 

to be wounded towards hazards (Fussel 2007; Walker et al. 2011). Hence, the concept is 

relative and dynamic (International Federation of Red Cross and Red Crescent Societies). 

Moreover, five main types of vulnerability, physical vulnerability, systemic vulnerability, 

social vulnerability, economic vulnerability and environmental vulnerability, were 

identified in the previous research (Office of Disaster Preparedness and Management; 

Walker et al. 2011) and the corresponding assessment methods have also been proposed, 

which will be introduced in the following. 

 

2.3.1 Vulnerability Types 

 

The current part will introduce the five main types of vulnerability as following: 
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1. Physical vulnerability: it may be determined by aspects such as population density 

levels, remoteness of a settlement, the site, design and materials used for critical 

infrastructure and for housing (UNISDR), which is dependent on the particular 

potential hazard (e.g. flood, landslide, earthquake). Wooden houses, for example, are 

less likely to collapse in an earthquake, but are more vulnerable to fire. 

2. Systemic vulnerability: what can be measured is how prone is a system to damage or 

failure not only as a consequence of some kind of physical damage occurring to one 

of its components, but also as the indirect effect of some physical, functional, or 

organizational failure suffered by other systems. 

3. Social vulnerability: it refers to the inability of people, organizations and societies to 

withstand adverse impacts to hazards due to characteristics inherent in social 

interactions, institutions and systems of cultural values, which is linked to the level of 

wellbeing of individuals, communities and society. Moreover, it includes aspects 

related to levels of literacy and education, the existence of peace and security, access 

to basic human rights, systems of good governance, social equity, positive traditional 

values, customs and ideological beliefs and overall collective organizational systems 

(UNISDR). For instance, children, elderly and pregnant may be unable to protect 

themselves or evacuate if necessary when confronting floods. 

4. Economic vulnerability: the level of vulnerability is highly dependent upon the 

economic status of individuals, communities and nations. Moreover, the poor are 

usually more vulnerable to disasters because they lack the resources to build sturdy 

structures and put other engineering measures in place to protect themselves from 

being negatively impacted by disasters. 

5. Environmental vulnerability: natural resource depletion and resource degradation are 

key aspects of environmental vulnerability. Wetlands, for example, are sensitive to 

increasing salinity from sea water, and pollution from storm water runoff containing 

agricultural chemicals, eroded soils, etc. 

 

2.3.2 Vulnerability Assessment 

 

After identifying the vulnerability types, the corresponding assessment methods will be 

introduced in this part. Various studies have been conducted for assessing vulnerability. 

More exactly, vulnerability assessment methods for residential buildings & lifelines (Cozzi 

et al. 2007) and humans (Peduzzi et al. 2009), and model for assessing systemic  
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vulnerability (Pascale et al. 2010) have been proposed. Therefore, the vulnerability 

assessment can change depending on both on the hazard type and different typology of 

elements to consider, and here will introduce a vulnerability assessment method for 

residential buildings developed in Italy (Cozzi et al. 2007). 

This method was developed in terms of earthquake, which starts with the seismic 

vulnerability survey for residential buildings. More specifically, 1° and 2° level forms are 

used within three pages: the first and the second pages’ form provide for the first level 

card including general information about buildings location, geometry and typology while 

the third page contains information about the vulnerability of the considered building and 

therefore is considered a second level card, which were introduced in the following: 

The first level card consists in the following 7 sections: 

1. Data about the card (building identification key, municipality, card, team, date); 

2. Building location (aggregate, building, toponymy, town planning bonds); 

3. Metric data (surfaces, landing highs, maximum and minimum out of round highs); 

4. Use (kinds of use, state, property, users); 

5. Building age (typologies and classes of age); 

6. State of the trimmings; 

7. Structural typology (vertical, horizontal, staircase, roofing). 

 

And the second level card allowing to assess vulnerability by using representative data 

about buildings propensity to be damaged by a seismic event contains 11 sections as 

following: 

1. Sort and organization of resistant system; 

2. Quality of the resistant system; 

3. Conventional resistance; 

4. Position of the building and of the foundations; 

5. Ceilings; 

6. Plan metric configuration; 

7. Elevation configuration; 

8. Maximum distance between brickworks; 

9. Roofing; 

10. Nonstructural elements; 

11. General conditions/present state. 
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Moreover, each parameter was assigned with one of the four classes that have been set, 

distinguishing four vulnerability levels, from A, the best one, that is the least vulnerable 

to D, the worst, which is the most vulnerable. In addition, with respect of the “vulnerability” 

or “resistance” quality of the building with respect to each parameter, the latter has been 

assigned also a weight, representing the importance of the parameter within the 

assessment procedure. Consequently, the vulnerability score of each building is then 

obtained through a weighed sum, where each parameter is assigned to a class (A, B, C, D) 

translated into a score and multiplied by the weight representing its importance. Hence, 

the vulnerability of each residential building was assessed. Moreover, a sampling method 

can be applied for large scale vulnerability evaluations of residential buildings based on 

the above-mentioned method. 

 

2.3.3 Vulnerability Representation 

 

In terms of the representation of vulnerability, different tools like viewExposed (Opach 

and Rød 2013) and GIS (Veen and Logtmeijer 2005) have been applied for vulnerability 

visualization and mapping. While for the data needed for the visualization and mapping 

for vulnerability, various studies have been conducted in terms of the data management, 

which was presented in table 2.5. 

Table 2.5- Previous research of vulnerability visualization and mapping 

Authors Vulnerability types Methods 

Opach and 
Rød (2013); 
Rød et al. 
(2012) 

- Physical vulnerability 
(flood, quick clay and 
landslide); 
- Social vulnerability; 
- Integrated 
vulnerability 
(combination of 
physical and social 
vulnerability) 

- Creating vulnerability indices for each type 
hazard (counting the number of address 
points locating within the hazardous zones); 
- Combining each type hazard vulnerability 
into a physical vulnerability (assigning each 
hazard with corresponding weights 
according to the historical documents); 
- Assessing social vulnerability and create a 
social vulnerability index; 
- Integrating physical vulnerability and social 
vulnerability to create an overall 
vulnerability index (assigning different 
weights for physical and social vulnerability 
index). 

Holand et al. 
(2011) 

- Socioeconomic 
vulnerability; 

- Creating the socioeconomic and built 
environment vulnerability index by factor 
analysis; 
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- Built environment 
vulnerability; 
- Social vulnerability 
(combination of 
socioeconomic and 
built environment 
vulnerability) 

- Mapping social vulnerability in terms of 
socioeconomic and built environment 
vulnerability separately. 

Veen and 
Logtmeijer 
(2005) 

Vulnerability in terms 
of flood 

- Susceptibility: physical characteristic of the 
location that makes an activity vulnerable; 
- Applying the concept of multipliers from 
input-output analysis to evaluate 
dependency; 
- Applying the A matrix in economic input-
output analysis to assess the redundancy; 
- Vulnerability is a function of susceptibility, 
dependency and redundancy. 

Fuchs eta al. 
(2007) 

Vulnerability in terms 
of debris flow 

- The vulnerability was derived from the 
quotient between the loss and the individual 
reinstatement value for each element at risk; 
- An empirical vulnerability function 
(vulnerability-intensity) was developed 
according to the historical data. 

Cutter and 
Finch (2008) 

Temporal and spatial 
changes in social 
vulnerability 

- Analyzing the change of the percentage of 
the variation among US countries explained 
by the social vulnerability index over time; 
- Analyzing the change of component 
consisting of social vulnerability index over 
time; 
- Studying the change of social vulnerability 
distribution in US countries (spatial change). 

 

More specifically, an example for evaluating physical vulnerability for Mid Norway 

conducted by Rød et al. (2012) will be introduced here. Moreover, the data source of each 

hazard type and the corresponding methods were presented in table 2.6. 
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Table 2.6- Physical vulnerability evaluation method for Mid Norway 

Hazard 
category 

Data Source Methods 

Flood Flood-
inundation 
maps 

The Norwegian Water 
Resources and Energy 
Directorate (NVE) 

Counting the number of 
address points within the 
different inundation 
zones 

Quick clay 
slides 

Existing maps 
of quick clay 
hazard areas 

The Norwegian Water 
Resources and Energy 
Directorate (NVE) 

Counting the number of 
address points within the 
different hazard level 
zones 

Landslide Georeferenced 
historical 
landslide 
inventory 

The Norwegian Water 
Resources and Energy 
Directorate (NVE) 

Counting the number of 
slides within the cluster of 
wards; 
Counting the number of 
address points in the 
buffer zones and 
calculating the area of the 
corresponding buffer 
zones 

Integration Physical vulnerability=1/21 * flood vulnerability+1/41 * quick clay slides 
vulnerability+1/41 * landslide vulnerability 

 

As presented in table 2.6, the physical vulnerability of Mid Norway was evaluated. Hence, 

the data of the evaluation results can be used for physical vulnerability visualization and 

mapping for a region. 

 

 

 

 

 

 

 

1 1/2, 1/4 and 1/4 are the weights for flood hazard, quick clay slides and landslide respectively, which 

is based on the historical document recording the damage due to flood, quick clay slides and landslide 

occurring in Mid Norway. 
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2.4 Risk 

With the analysis of hazard, exposure and vulnerability, the risk analysis can be conducted. 

While for the definition of risk, various scholars have proposed their definitions which was 

presented in table 2.7. 

Table 2.7 - Definitions of risk proposed in previous studies 

Authors Risk definition 

Smith (1996) Probability x loss (probability of a specific hazard occurrence) 

IPCC (2001) Function of probability and magnitude of different impacts 

Morgan and Henrion, 
(1990); Random 
House (1966) 

Risk involves an ‘exposure to a chance injury or loss’ 

Adams (1995) A compound measure combining the probability and 
magnitude of an adverse effect 

Jones and Boer 
(2003); Helm (1996) 

Probability x consequence 

Downing et al. (2001) Expected losses (of lives, persons injured, property damaged, 
and 
economic activity disrupted) due to a particular hazard for a 
given 
area and reference period 

Crichton (1999) The probability of a loss, and depends on three elements, 
hazard, vulnerability and exposure 

Stenchion (1997) The probability of occurrence of an undesired event; 
[but might] be better described as the probability of a hazard 
contributing to a potential disaster…importantly, it involves 
consideration of vulnerability to the hazard 

UNDHA (1992) Expected losses (of lives, persons injured, property damaged, 
and economic activity disrupted) due to a particular hazard 
for a given area and reference period. Based on mathematical 
calculations, risk is the product of hazard and vulnerability 

Walker et al. (2011) The combination of the probability (or frequency) of 
occurrence of a natural hazard and the vulnerability and 
exposure of a receptor 

Cozzi et al. (2007) The entity of damages expected in an area due to future 
events and it comes from the convolution between hazard, 
vulnerability and exposure 
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According to the definitions in table 2.7, the definition of risk should consider factors 

including hazard, exposure and vulnerability, which can be presented as (Kron 2005):  

Risk= Hazard  Exposure  Vulnerability 

Moreover, risk can also be defined as the product of probability of a specific hazard 

occurrence and the consequences, which can be presented as: 

Risk=Probability  Consequence 

In terms of methods for risk assessment, two methods were proposed in the previous 

research: probabilistic risk assessment (PRA) and scenario method. Moreover, the later 

will be introduced in the methods for forensic analysis method (see 2.4 scenario method). 

In addition, to conduct post-event damage assessment, the hazard event must be 

determined due to the fact that the hazard event occurred. Therefore, here will give a 

brief introduction of PRA. 

The main difference between PRA and scenario method is that the hazard component is 

assigned with a probability or frequency for the former. While for scenario method, the 

hazard input was determined by the risk analyst. Hence, PRA is mainly used in pre-event 

risk assessment while scenario can be applied to both pre- and post- event risk assessment. 
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3. Forensic Analysis Method 

 

The notion of “Forensic Disaster Investigations” has been coined by the Integrated 

Research on Disaster Risk (IRDR) initiative, which was defined as an “approach to studying 

natural disasters that aims at uncovering the root causes of disasters through in-depth 

investigations" and that "will help build an understanding of how natural hazards do – or 

do not – become disasters" (The Center for Disaster Management and Risk Reduction 

Technology 2011). Therefore, the objective of forensic analysis method is to identify major 

risk drivers and the root causes of disasters, and infer the implications for disaster 

mitigation. 

Moreover, compared with previous research methods, forensic analysis method will differ 

in at least three key aspects (Burton 2010) as following: 

Firstly, forensic analysis method will penetrate more deeply into the fundamental causes 

of disasters in a broad, multidisciplinary, and comprehensive manner, and will also engage 

specialists from all related fields. This approach should enable recommendations to be 

developed that will facilitate “more informed and insightful decisions on actions to reduce 

their impacts, such that in 10 years, when comparable events occur, consequences in loss 

of life and people adversely impacted will be reduced and wiser investments and choices 

will be made by the government, the private sector and civil society (International Council 

for Science 2008). 

Secondly, while the investigations will be carried out independently and at arm’s-length 

from governments, forensic analysis method will also require authority, support, and 

promotion from the public. In order to be truly investigative and forensic in spirit, the 

studies must be empowered to pursue the evidence wherever it leads in order to be able 

to report fully on the train and ensemble of events, responsibilities and actions that 

account for the losses. However, forensic analysis method was not designed to be “witch 

hunts” or search for guilt or culpability, although findings of such a kind cannot be ruled 

out ab initio. Moreover, responsivities for disaster losses are usually spread over 

institutions and over place and time in almost all cases. Hence, the target of forensic 

analysis method is the greater disaster risk management process in its entirety. 

Thirdly, for the previously mentioned reasons, the intended outcomes will not 

concentrate on the precise identification of any specific locus of responsibility, but rather 

will help bring about a paradigm or cultural shift in the ways in which disasters are 

understood and managed. 



21 
 

 

Therefore, forensic analysis method will move away from an orientation and a mindset 

that focuses on the disaster event and its initiating causal mechanism in geophysical terms 

and its aftermath, towards a recognition that consequences of natural disaster events are 

bound up in the patterns and decisions of everyday life. To achieve this target, four 

complementary modes of analysis for a suggested research methodologies were 

proposed by the ad hoc Working Group (Burton 2010) as following: critical cause analysis, 

meta-analysis, longitudinal analysis and scenarios, which will be discussed in details in the 

following part. 

 

3.1 Critical Cause Analysis 

 

Critical cause analysis, according to Burton (2010), is a class of investigation methods 

aiming at identifying root causes of the disaster events and is premised on the belief that 

problems are best solved by attempting to correct or eliminate root causes, as opposed 

to merely addressing the immediately obvious symptoms. More specifically, factors that 

are of particular importance are presented in figure 3.1 (Burton 2010): 

Main factors of 
critical cause 

analysis

Involvement in human and asset losses with an 
identification of critical factors in the whole 

disaster process

Identification of thresholds for failure or 
success points 

Definition of critical limits

Establishment of monitoring requirements

Corrective actions can be taken in case of need

Identification of proactive actions
 

Figure 3.1- Main factors of critical cause analysis 
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More exactly, each factors were introduced with details as following: 

1. Causal analysis of hazards and processes involved in human and asset losses with a 

view to identifying critical factors in the pre-disaster, impact and post-disaster 

recovery phases. Moreover, identify preventive measures that did or can apply to 

avoid, control or limit the losses. Engage or consult with a relevant range of 

professional, technical personnel, and those providing local assistance in events. 

2. Identification of the thresholds for failure or success points where damage occurred 

that could be prevented, eliminated, or reduced to an acceptable level confronting a 

particular type of hazard. 

3. Definition of critical limits: maximum or minimum values for factors in relation to the 

warnings, evacuations, buildings etc. to prevent, eliminate, or reduce loss to an 

acceptable level. 

4. Establishment of monitoring requirements, which are necessary to ensure that the 

community, item, or process is constantly aware and protected at critical failure 

points. 

5. Corrective actions that are appropriate to conditions and funding in given contexts, 

and that can be taken when monitoring indicates a deviation from an established 

critical limit. 

6. Identification of proactive actions that could have been taken and enacted in order to 

guarantee that less risk was constructed in reality. 

 

Hence, critical cause analysis can be conducted with identifying the critical incidents as 

the starting point, which will be introduced in the following section. 

 

3.1.1 Identification of Critical Incidents 

 

The first step in critical cause analysis is to identify the problems. Livingston et al. (2001) 

has discussed three commonly used methods for identifying critical events as following: 

Barrier, Change and Fault Tree Analysis. 

1) Barrier Analysis 

Based on the idea that an accident is an abnormal or unexpected release of energy, Barrier 

analysis develops its approach to accident prevention by suggesting that to prevent an  
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accident a barrier must be erected between the energy source and the item or person to 

be protected, which was presented in figure 3.2 (Dew 1991). 

 

Source of problem Barriers Target/Victim
 

Figure 3.2 - Representation of Barrier Analysis concept 

To complete a barrier analysis, Paradies et al. (1993b) propose that the following five 

issues must be answered: 

1. What physical, natural, human action, and/or administrative controls are in place as 

barriers to prevent this accident? 

2. Where in the sequence of events would these barriers prevent this accident? 

3. Which barriers failed? 

4. Which barriers succeeded? 

5. Are there any other physical, natural, human action, and/or administrative controls 

that might have prevented this accident if they had been in place? 

 

In terms of input and output data of barrier analysis, Kittle (2013) has concluded the data 

entry and output as presented in table 3.1. 

Table 3.1 - Input & Output data of barrier analysis 

Data type Name Format 

Input Sample size for Doers and Non-Doers Number 

Estimated prevalence of the behavior in study area Number 

Responses for each question Text 

Number of Doers and Non-Doers giving corresponding 
response 

Number 

Output P-value Number 

Estimated relative risk ratio Number 
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Notes  

1. The size of sample size usually should be 45 Doers and 45 Non-Doers; 

2. The estimated prevalence of behavior was acquired based on knowledge, practice, 

and coverage (KPC) survey data if available; 

3. P-value decides the importance of the response. More exactly, if the p-value is 

less than 0.05, a real difference between Doers and Non-Doers exists (i.e., a 

statistically significant, “real” difference) and further calculations shall be 

conducted to check the extent of the difference; 

4. Estimated relative risk ratio determines how much more likely Doers were to 

mention the response as compared with Non-Doers. Moreover, estimated relative 

risk ratio works when its value is greater than 1. 

 

2) Change Analysis 

Change analysis, whose principles are widely recognized as a systematic framework for 

examining incident causation, possesses the basic premise that if a system performs to a 

given standard for a period of time and then suddenly fails, the failure will be due to a 

change or changes in the system. Therefore, discovering the factors leading to failure 

arising is possible by identifying these changes. 

Moreover, the change analysis technique requires a comparison between the period 

before the incident occurred and the incident situation. Having established the 

differences, their contributions are then evaluated, which was presented in figure 3.3 

(Livingston et al. 2001). 

 

Describe accident situation

Identify 
differences 

Compare

Analyze differences for 
effect on accident

Describe comparable accident-free 
situation

Integrate information 
into accident 

investigation process
 

Figure 3.3 - Overview of the Change Analysis process 
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The process for conducting a complete change analysis was proposed by Kepner and 

Tregoe (1976), which includes six basic steps as following: 

1. Examine the incident situation; 

2. Consider comparable incident-free situations; 

3. Compare the two situations; 

4. Write down all the differences between the two situations, whether they appear 

relevant or not; 

5. Analyze the differences for effect on the incident; 

6. Integrate the differences into incident causal factors. 

 

According to the above-mentioned steps for conducting a change analysis, the 

corresponding input and output data can be presented in table 3.2. 

 

Table 3.2 - Input & Output data of change analysis 

Data type Name Format 

Input What the situation is Text 
Where the situation happens Text 

When the situation happens Time 

Who is responsible for the situation at the occurring time Text 
Task nature Text 

Working conditions Text 
Presence of a triggering event Text 

Prevalence of managerial controls Number 

Output Difference list Text 

Statistical parameters presenting the effect of difference 
on accident 

Number 

 

Note 

1. The same factors as input will be assessed for both comparable accident-free 

situation and accident situation; 

2. Prevalence of managerial controls can be calculated based on the statistical data 

of the department; 

3. Statistical parameters presenting the significance of each difference on the 

accident can be acquired from different statistical models. Accordingly, different 

parameters from different statistical models. 
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3) Fault Tree Analysis 

Fault tree analysis involving reasoning from general to specific, working backwards 

through time to examine preceding events leading to failure, is a deductive methodology. 

More exactly, a fault tree is a graphic model that displays the various logical combinations 

of failures which can result in an incident, which was shown in figure 3.4. 

 

Top event

And

Undeveloped 
event

Intermediate 
event

Intermediate 
event

And

Base 
event

Or

Undeveloped 
event

Intermediate 
event

Or

Base 
event

Base 
event

 

Figure 3.4 - Structure of a simple Fault Tree Analysis 
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To conduct a fault tree analysis, definition of top event should be the first step, which is 

one of the most important steps determining whether the analysis is going to be 

meaningful or not. Moreover, the top event can be broken down by the analyst 

responsible for identifying the failures and events contributing to the top event. In 

addition, the logic behind the combination of the contributory failures must be developed 

and incorporated into the fault tree diagram. 

The process of breaking down the events in the tree and evaluating the logic continues 

until the base events are reached. Typically, where fault trees are used in quantitative 

analysis, the base event will be defined by the available reliability data. If data is available 

the analysis will stop, if not the analysis will continue. 

At the end, evaluation of the output aiming at making the cut sets makes sense, should 

be conducted by the analyst by working through the logic and verifying that the base 

events will lead to the top event. 

According to the process of fault tree analysis, the input and output data of corresponding 

components in the structure can be concluded in table 3.3. 

Table 3.3 - Input & Output data of fault tree analysis 

Data 
type 

Name Description Format 

Input Top event A specific undesired event (accident), 
including description of what the event is and 

when it happens 

Text 

Intermediate 
event 

An event can be identified as a fault to be 
further resolved. 

Text 

Undeveloped 
event 

An event not to be further developed for 
causes 

Text 

Base event An event can be identified as a failure (basic 
cause) 

Text 

AND gate A logic gate signifies that all the inputs must 
be present for an output to occur 

Text 

OR gate A logic gate requires only one input for an 
output to be generated 

Text 

Output Minimal cut set A set of basic events whose occurrence will 
cause the top event to occur 

Text 

 

With critical incidents being identified, the analysis of identifying the root causes of the 

occurrence of the corresponding incidents can be conducted. Hence, tree techniques and 

checklist methods, will be introduced in the following sections. 
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3.1.2 Identification of Root Causes-‘Tree Techniques’ 

 

Here will introduce two methods for tree techniques, management oversight and risk tree 

and causal tree method. 

1) Management Oversight and Risk Tree (MORT) 

MORT is a comprehensive, analytical procedure that provides a disciplined method for 

determining the causes and contributing factors of major incidents (Livingston et al. 2001). 

Moreover, MORT can also be utilized as a tool to evaluate the quality of an existing safety 

program.  

According to Livingston et al. (2001), MORT adopts similar symbols and logic to that used 

in fault tree analysis (FTA). Two significant differences between these two techniques 

should be specified. Firstly, a fault tree represented by MORT has been established. 

Therefore, the analyst is not required to build the tree but to work through the existing 

model and discard those branches which are not relevant to the incident under review. 

Secondly, MORT not only looks at what happened during an incident, but traces causal 

factors back to management systems to identify why events happened, thereby departing 

from strict FTA logic. 

In terms of structure, MORT consists of eight interconnecting trees, through which 98 

generic problems and 200 basic causes can be identified. Moreover, Generic problems are 

represented by text in rectangular boxes, while circles are used to identify basic causes. 

More exactly, the MORT chart starts with a top event that represents some kind of loss 

e.g. an injury, property damage, loss of production etc. Once the extent of the incident is 

established, the user arrives at the first logic gate which is an OR gate. The model states 

that the loss will have arisen from either an ‘Assumed Risk’ or ‘Management Oversights 

and Omissions’. Only those risks which have been identified, analyzed and accepted at the 

appropriate management level can be Assumed Risks; unanalyzed or unknown risks are 

Oversight and Omissions by default.  

Then, the next major sub-division separates what happened from why. The ‘what 

happened’ considers the specific control factors that should have been in operation while 

the ‘why’ considers general management system factors. It is the ‘what happened’ branch 

of the tree which forms the major assessment route during incident analysis. Lastly, the 

MORT chart continues to break down each of these factors until the basic causes are 

reached. At certain points triangles are used to show where portions of the tree might be 

repeated. 
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Moreover, the MORT chart also considers time when constructing the model, although 

this is not too explicit. More specifically, factors found to the bottom and to the left of the 

chart occurred earlier than those to the right and the top. Hence, with the ‘Specific Control 

Factors’ occurring at the top of the chart, the analyst is required to work backwards in 

time through the incident. 

Lastly, in terms of input and output data of MORT, parts of MORT data structure are 

similar to those of fault tree analysis, which was presented in table 3.4. 

Table 3.4 - Input & Output data of MORT 

Data 
type 

Name Description Format 

Input Top event A specific undesired event (accident), 
including description of what the event is, 
what were the losses and why it happened 

Text 

Assumed risk Risks which have been identified, analyzed 
and accepted at the appropriate 

management level 

Text 

Management 
oversights and 

omissions 

Risks without being analyzed or unknown 
risks 

Text 

What happened With consideration of specific control 
factors which should have been in 

operation 

Text 

Why With consideration of general 
management system factors 

Text 

Base event An event can be identified as a failure 
(basic cause) 

Text 

AND gate A logic gate signifies that all the inputs 
must be present for an output to occur 

Text 

OR gate A logic gate requires only one input for an 
output to be generated 

Text 

Output Root causes list A set of root causes that have contributed 
to the top event 

Text 

Note  

1. To distinguish risk factors from assumed risk and management oversights & 

omissions, the corresponding assessment should be made in case making 

mistakes when initially accepting a risk; 

2. It is the ‘what happened’ branch of the tree that forms the major assessment 

route during incident analysis; 

3. Some requirements should be established for achieving the basic causes, such as 

whether the elements are applicable to the incident and whether the remaining 

elements adequate. 
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2) Causal Tree Method (CTM) 

Different from MORT, CTM requires the establishment of a cause tree and also utilizes 

deductive logic. However, efforts have been spread to promote the construction of the 

trees and to make the logic easier to apply. 

The underlying principle of the method is that an accident results from changes or 

variations in the normal process. The analyst must identify the changes in the system, list 

the changes, organize them into a diagram and define their interrelationship. Unlike a 

fault tree, the method only includes the branches actually leading to the incident. Thus no 

‘OR’ gates are represented, only ‘AND’ gates. The construction of the diagram is guided 

by simple rules which specify event chains and confluent relationships. 

Moreover, this methodology describes seven steps in the incident investigation process 

from data collection to follow up actions. CTM requires the analysis to be undertaken by 

a group including the victim (if possible), supervisor, witnesses, safety officer, member of 

the safety committee, decision maker and someone experienced in CTM. 

In terms of conducting a CTM analysis, the working group selected for the analysis must 

collect the data and reconstruct the incident. This method stipulates a written summary 

rather than a diagrammatic form. From this information the working group must extract 

the facts relating to the incident. Each ‘fact’ is a singular event or occurrence. 

The list of facts is used in the construction of the causal tree. The end event serves as the 

starting point and the group must select the facts from the list that contributed to this 

incident. Working one level at a time the group works backwards through the event until 

a point is reached at which the team agrees it would be unproductive to go further. 

Accordingly, the input and output data of CTM can be produced based on the analysis 

procedures, which was presented in table 3.5. 

Table 3.5 - Input & Output data of CTM 

Data 
type 

Name Description Format 

Input End event A specific undesired incident (accident), including 
description of what the event is, what were the 

losses and why it happened 

Text 

Facts list List of facts relating to the incident, each fact is a 
singular event or occurrence 

Text 

Output Relationship Referring to the relationship between the facts in 
the facts list 

Text 

Root cause 
list 

A set of root causes contributing to the end event Text 
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Note  

1. The facts list is drawn up as a result of data collection phase conducted by the 

analysts group; to achieve this aim, three questions were asked: what is the cause 

of this result, what was directly necessary to cause the end result and are these 

factors (identified in 2nd question) sufficient to have caused the result. 

2. The construction of the diagram is guided by simple rules specifying event chains 

and confluent relationships. 

 

3.1.3 Identification of Root Causes-‘Checklist Methods’ 

 

This class methods includes various methods like human performance evaluation system 

(HPES), systematic cause analysis technique (SCAT), technic of operations reviews (TOR) 

and systematic accident cause analysis (SACA). In this section, the study will introduce 

SCAT in details. 

SCAT developed by the International Loss Control Institute (ILCI), can be used to 

determine the root causes of an incident once a description of the sequence of events has 

been determined. Moreover, SCAT has adopted the ILCI ‘Loss Causation Model’ as its 

framework. This model views the contributory elements to an incident as a series of five 

dominoes as following: lack of control, basic causes (personal factors or job factors), 

immediate causes (substandard acts and conditions), incident (contact with energy or 

substance) and loss (people, property, process). 

In ‘Loss Causation Model’, loss arises from the dominoes tumbling down and knocking 

into one another. The way to prevent loss according to this model is to remove one of the 

dominoes in the sequence, thus preventing the momentum from reaching the loss stage. 

Although described differently, this principle is the same as that underlying Barrier 

Analysis, in that there is an energy transfer from one domino to another in order to knock 

the series down. To prevent an incident, the energy transfer must be prevented by 

removing one of the intervening dominoes or by erecting a barrier to prevent the energy 

transfer between dominoes. 

This methodology provides a chart with a series of cross referenced categories. The 

analyst must identify the relevant factors by working systematically through the chart and 

identifying whether the factors generated by the cross referencing system are relevant. 

ILCI provides accompanying text to assist with the definition of categories and the 

acceptance/dismissal of factors. 
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While for the structure of SCAT, it is presented as a chart which contains five blocks 

corresponding to the five ‘dominoes’ presented in reverse order. Thus the first block 

contains space to write a description of the incident. The second block lists the most 

common categories of contact that could have led to the incident, for example, contact 

with electricity, heat, cold or radiation, being hit by a moving object or crushed. The third 

block lists the most common Immediate or Direct Cause/s of this contact, divided into two 

categories: sub-standard or unsafe act and sub-standard or unsafe conditions. 

The fourth block identifies Basic or Underlying Cause/s of which there are two categories: 

‘Personal Factors’ and ‘Job Factors’. The former encompasses issues such as physical or 

psychological stress, lack of knowledge or skill and improper motivation, while the latter 

encompasses inadequate leadership and/or supervision, inadequate maintenance, tools 

and equipment. 

The final block lists safety management practices that should be addressed to prevent 

incidents from occurring. There are twenty categories in this block corresponding to the 

20 elements of the safety management system developed by ILCI. 

Moreover, the input and output data of SCAT was made according to the SCAT chart 

components, which was presented in table 3.6. 

Table 3.6 - Input & Output data of SCAT 

Data 
type 

Name Description Format 

Input Incident 
description 

Including the evaluation of loss potential if 
not controlled 

Text 

Contact type Common contact types which may lend to 
the incident 

Text 

Immediate/Direct 
causes 

Be divided into two categories: sub-standard 
or unsafe act and sub-standard or unsafe 

conditions 

Text 

Basic/Underlying 
causes 

Including two categories: personal factors 
and job factors 

Text 

Control action 
needs 

These needs should be addressed to prevent 
incidents from occurring 

Text 

Output Root cause list A set of root causes leading to the incident Text 

 

Note 

1. Sub-standard or unsafe act refers to acts such as removing safety devices, while 

Sub-standard or unsafe conditions refer to situation such as inadequate or 

improper safety equipment, noise exposure. 
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3.2 Meta-Analysis 

 

Meta-analysis are systematic reviews of the available literature that are used to identify 

and assess consistent findings across diverse studies (Burton 2010). This method offers 

potential for systematic investigation of disaster events where the findings of the case 

studies or research observations are coded and then statistically analyzed to look for 

causal linkages, the strength of relationships among factors (dependent or independent 

variables) and the effectiveness of interventions. 

Moreover, three main information can be acquired from meta-analysis (Field and Gillett 

2010), which was described in the following: a) The mean and variance of underlying 

population effects; b) Variability in effects across studies; and c) Moderator variables. 

To get this information from meta-analysis, six steps (Field and Gillett 2010) have been 

defined to complete such analysis, which was presented in figure 3.5. 

 

Main procedures 
of  meta-analysis

Do a literature search

Calculate effect sizes for each study to be 
included

Decide on some inclusion criteria and apply them

Do the basic meta-analysis

Do some more advanced analysis

Write up the results

 

Figure 3.5 - Framework of meta-analysis 

1) Do a Literature Search 

To conduct a meta-analysis, searching literature for studies addressing the same research 

question should be completed by using electronic databases. However, publication bias 

or the ‘file drawer’ problem (Rosenthal 1979), known as the fact that significant findings  
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are more likely to be published than non-significant findings as a result of researchers do 

not submit them and reviewers tend to reject manuscripts containing them (Field and 

Gillett 2010).  

Moreover, it is estimated that significant findings’ possibility to be submitted is eight times 

than non-significant ones (Greenwald 1975) and studies with positive findings’ possibility 

to be published is around seven times than studies with results supporting the null 

hypothesis (Coursol and Wagner 1986). Hence, this bias is significant. The consequence of 

this bias is that meta-analysis reviews will overestimate population effects without 

including unpublished studies. 

To minimize bias due to the file-drawer issue, conference proceedings and contacting 

relevant experts in the field to check if they have any unpublished data or know of any 

data relevant to aiming research problems that is not in the public domain, should be 

conducted. 

 

2) Decide on inclusion criteria 

According to Field and Gillett (2010), the inclusion of poorly conducted research can bias 

a meta-analysis. Therefore, inclusion criteria should be established to ensure the quality 

and similarity of the included studies. 

In terms of establishing such criteria, inclusion criteria depend on the research question 

being addressed and any specific methodological issues in the field. Moreover, studies 

due to some idiosyncratic whim should not be excluded, otherwise subjective bias will be 

introduced into the analysis. Consequently, formulation of a precise set of criteria applied 

throughout becomes important and necessary. 

 

3) Calculate the effect sizes 

An effect size is usually a standardized measure of the magnitude of observed effect, 

which can be applied for comparison across various studies having measured different 

variables or having adopted different scales of measurement. However, unstandardized 

effect size measures may be preferred for some special reasons, and meta-analysis 

method for analyzing these will not be discussed in this study. 
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While for measures of effect size, most commonly used are Pearson’s correlation 

coefficient r, Cohen’s d, and the odds ratio (OR), which will be introduced in the following 

section. 

1. Pearson’s correlation coefficient: Pearson’s correlation coefficient r, representing 

the strength of association between two inherently continuous measures, is a 

standardized form of the covariance between two variables.  

2. Cohen’s: Cohen has made some widely used advice for what constitutes a large or 

small effect, such as for correlation coefficient: r=0.10 (small effect, explaining 1% 

of the total variance); r=0.30 (medium effect, explaining 9% of the total variance); 

r=0.50 (large effect, explaining 25% of the total variance).  

3. The odds ratio (OR): The OR is the ratio of odds of an event occurring in the 

treatment group compared to that in the control group, where odds are the ratio 

of the probability of the event occurring to the probability of the event not 

occurring.  

 

While for Cohen’s d, which is based on the standardized difference between two means, 

it can be calculated as following:  

1 2M M
d






                                                           (3.1)                                                         

Where, 1M
is the mean of group 1, 2M

is the mean of group 2. 

While   either can be based on a single group (usually the control group) or a pooled 

estimate based on both groups by using the sample size n and variances s from each group:  

1 1 2 2

1 2

( 1) ( 1)

2

n s n s

n n


  


 
                                              (3.2) 

 

Accordingly, Cohen has also proposed benchmarks of d=0.20, 0.50 and 0.80 as 

representing small, medium and large effects, respectively. 
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4) Do the Basic Meta-Analysis 

Field and Gillett (2010) have concluded two main issues to conduct a meta-analysis as 

following: which method to use; and how to conceptualize the data.  

Before starting the meta-analysis, data conceptualization should be conducted. In essence, 

two methods are available for conceptualizing meta-analysis: fixed- and random- effects 

models (Hedges 1992; Hedges and Vevea 1998; Hunter and Schmidt 2000). With the 

assumption that studies in the meta-analysis are sampled from a population with fixed 

average effect size or predictable one from a few predictors (Hunter and Schmidt 2000), 

fixed-effect model will result in a homogeneous sample effect size. While random-effect 

model assumes that the average size in the population varies from study to study, the 

effect sizes should be heterogeneous. 

The decision to adopt fixed- and random- effects size to conceptualize the model, depends 

both on the assumptions that can realistically be made about the populations where the 

studies are sampled, and the categories of interfaces expected to be acquired from meta-

analysis. According to Field and Gillett (2010), a random-effects model should be assumed 

in most cases. However, fixed-effects analysis may be applied without expecting the 

generalized results beyond the effect size in the analysis (Oswald and McCloy 2003). 

Hence, the meta-analysis can be conducted with the conceptualized data and two 

methods, Hunter-Schmidt method and Hedges and colleagues’ method will be introduced 

in this section. 

 

(1) Hunter-Schmidt method 

Hunter-Schmidt method, emphasizing isolating and correcting for sources of error, 

sampling error and reliability of measurable variables for example, will be introduced in 

this section. 

Specifically, the first step is to calculate the population effect which can be estimated by 

using a simple mean where each effect size estimate r is weighted by the sample size n 

where it is based on:  
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According to Cohen’s criteria based on correlation coefficient, population effect can be 

determined. 

The next procedure is calculating a credibility interval to estimate the generalizability of 

such population effect, where Hunter and Schmidt (2004) suggest to correct the 

population effect for artefacts before constructing such credibility intervals. More 

specifically, Hunter and Schmidt (2004) proposed that variance in population effect sizes 

should be estimated by correcting the variance in sample effect sizes by the sampling error 

due to the argument that the variance across sample effect sizes consists of the variance 

of effect sizes in the population and the sampling error, which can be presented in the 

following calculations: 

The variance of sample effect sizes is the frequency-weighted average squared error: 

2 1

1

( )
k

i i

i
r k

i

i

n r r

n














                                                    

(3.4) 

Then sampling error variance shall be calculated by using the population correlation 

estimate r  and the average sample size N : 

2 2
2 (1 )

1
e

r

N

 


                                                

(3.5) 

Hence, variance in population correlations can be calculated as: 

2 2 2

p r e  
  

 
                                                   (3.6) 

Therefore, the credibility intervals (for a 95% interval, /2z =1.96) were established as 

following: 
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95% credibility intervalupper=
21.96 pr 




  

                                        95% credibility intervalupper=
21.96 pr 




                                 (3.7) 

Moreover, a chi-square statistic will be applied to measure homogeneity of effect sizes, 

which can be calculated in equation (3.8) as following: 
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                                               (3.8) 

 

(2) Hedges and colleagues’ method 

The first step of Hedges and colleagues’ method, effect sizes ir  are required to be 

converted into a standard normal metric by Fisher’s r-to-z transformation, which is given 

by equation (3.9): 
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                                                    (3.9) 

And the reverse transformation by equation (3.10): 
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Then, the transformed effect sizes will be used to calculate an average where each effect 

size is weighted by the inverse within-study variance of the study where it comes in the 

fixed-effects model, which was presented in equation (3.11): 

1

1

i

i

k

i r

i
r k

i

i

w z

z

w









                                                 (3.11) 



39 
 

Where k is the number of studies in the meta-analysis, the weight ( iw
) is the sample size 

in
-3. 

Hence, the homogeneity Q of effect sizes can be calculated with such average acquired 

from equation (3.11) and the weight for each study in equation (3.12), which has a chi-

square distribution with k-1 degrees of freedom. 

2
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( )
i i
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i r r

i

Q w z z


 
                                                  (3.12) 

While for random-effects model, new weights using a variance component incorporating 

both between- and within- study variance, will be created, which was calculated in 

equation (3.13). 
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                                                    (3.13) 

Where 

2




was denoted as between-study variance. 

Then, accordingly, the random-effects weighted average in the z metric adopts the same 

equation as that for fixed-model with changing only the weights, which was presented in 

equation (3.14). 
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The final step is to develop confidence intervals for estimating the precision of the 

population calculated above, which will be calculated by using the standard error of that 

mean. The formulation was shown in equation (3.15). 
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                                                 (3.15) 

With such value acquired from equation (3.15), the confidence interval around the 

population effect estimate can be calculated in the common method by multiplying the  
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standard error with the two-tailed critical value of the normal distribution, such as 1.96 

for a 95% confidence interval. Hence, the upper and lower bounds can be acquired, which 

was presented in equation (3.16). 

95% CIupper=
* *

1.96 ( )r rz SE z , 

                                                   95% CIlower=
* *

1.96 ( )r rz SE z                                            (3.16) 

However, meta-analysis will not be conducted by hand in the reality and computer will 

usually be used for such analysis. 

 

5) Do some more advanced analysis 

Field and Gillett has concluded detailed introductions for advanced analysis such as 

moderator analysis and estimating publication bias which may exert a substantial in 

influence on meta-analysis reviews and also introduce the application by SPSS in such 

analysis based on real case studies (see Field and Gillett 2010, page 680-690).  

 

6) Write it up 

Based on largely on Rosenthal’s advice, Field and Gillett (2010) have concluded three key 

issues need to be identified at the beginning: a) always be clear about the studies search 

and inclusion criteria; b) which effect size measure to be used; and c) which meta-analytic 

technique to be applied to the data and why. 

Moreover, statistics relating to the variability of the effect sizes and estimate of the 

population effect size and its associated confidence interval should always be reported 

clearly.  

Last but not least, information on publication bias and preferably various analyses should 

also be reported. 

Accordingly, the input and output data for meta-analysis process can be produced in table 

3.7. 
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Table 3.7 - Input & Output data of meta-analysis 

Data 
type 

Name Description Format 

Input Effect size A standardized measure of the magnitude of 
observed effect 

Number 

Sample size Size of the corresponding effect size Number 
Output Chi-square 

statistic 
To measure the homogeneity of effect sizes 

(see formula (8)) 
Number 

Population 
effect 

Mean value where each effect size is weighted 
by the sample size n where it is based on (see 

formula (3)) 

Number 

Credibility 
interval 

To estimate the generalizability of population 
effect (see formula (7)) 

Number 

 

Note: This table is based on Hunter-Schmidt method for conducting meta-analysis. 
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3.3 Longitudinal Analysis 

 

A longitudinal study can be defined as an investigation where participant outcomes and 

possibly treatments or exposures are collected at multiple follow-up times. Therefore, 

longitudinal reconstruction which could be comparative geographically or comparative in 

situ, allows repeated observations of the same items. Moreover, these reconstructions 

can provide in-depth understanding of the causes and consequences of disasters and 

evolution of mitigation and/or risk reduction strategies (Burton 2010). 

In terms of models for conducting longitudinal analysis, three common new models, 

autoregressive models, trait-state models and growth curve models were introduced by 

Khoo et al. (2005), which will be introduced in the following section. 

 

3.3.1 Autoregressive Models 

 

Examining the stability of the relative standing of individuals over time can be achieved 

by autoregressive models. More specifically, the latent construct of conscientiousness 

consisting of four closely related facets: orderliness, decisiveness, reliability and 

industriousness (Saucier and Ostendorf 1999), will be estimated at each time period. 

Then, three categories for autoregressive model, basic autoregressive model, multi-

indicator autoregressive model and cross-lagged autoregressive model, will be introduced 

as following: 

1. Basic autoregressive model: the scores on the factor at Time t only affect the 

scores on the factor at Time t+1. Therefore, correlation will be 1.0 for a prefect 

stability in the rank order of research objects on the factor from one time period 

to the next and will be 0 representing no stability. 

2. Multi-indicator autoregressive model: this model has two distinct advantages 

simple test-retest correlations. First, the model partitions the variance associated 

with four indicators (facets) at each time into variance associated with the factor 

of conscientiousness and residual variance so that the stability coefficients are not 

attenuated by measurement error. Second, part of the residual variance may be 

due to a systematic feature of the facet (uniqueness) that is not shared with the 

latent construct of conscientiousness. Correlating the uniqueness over each pair 

of time periods removes any influence of the stability of these systematic 

components of the residual. 
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3. Cross-lagged autoregressive model: this model can be applied to investigating the 

ability of one longitudinal series to predict another series.  

 

3.3.2 Trait-State Models 

 

Latent trait-state models partition each measure collected at each measurement occasion 

into three components. The first component representing the trait construct measured at 

a specific time point, can be further divided into 1) a latent trait factor characterizing the 

person’s stable general level on the establishment of conscientiousness and 2) a latent 

stating residual which characterizes temporary (state) effects on the person associated 

with each measurement wave. Second is the method factor representing the stable 

influence of the specific measure and third is another component reflecting random 

measurement error. Moreover, the latent trait-state model can also partition the total 

amount of variance in the observed scores into trait, state, measurement method and 

error variance components. 

However, three limitations have been concluded by Khoo et al. (2005) for latent trait-state 

model. Firstly, the basic trait-state model focuses only on the relative ordering of a set of 

individuals. Secondly, the temporal ordering of the observations is not represented in the 

analysis. Thirdly, many data sets are difficult to be fit with latent trait-state models. More 

specifically, application of latent trait-state models in data sets with small state 

components or small method components, can result in improper solutions, which can be 

best solved by adding more time periods, more measures and more participants. 

 

3.3.3 Growth Curve Modeling 

 

Conceptually, growth curve modeling possesses two levels denoted as Level 1 (within 

individuals) and Level 2 (between individuals). At Level 1, each individual’s growth can be 

presented by a regression equation. Here a linear growth model will be introduced as 

presented in (3.17): 

, 1,2,...,ti i i ti tiY x t T     
                                           (3.17) 
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Where tiY
represents the measure of an individual i at time t as the sum of the individual’s 

linear growth, residual ti  represents random error at occasion t, tix
is the time-related 

variable, i represents the predicted level of individual i on the measure when 
0tix 

, 

and the slope i  represents the individual growth rate. Moreover, the individual 

intercept i  and the individual slope i  form a pair of growth parameters characterizing 

the individual trajectory. 

While in the simplest Level 2 model, distribution of the set of i s and the set of i s are 

assumed to be normal. Then, the means and variances of these growth parameters will 

be calculated at Level 2. More specifically, the means of growth parameters contribute to 

acquiring a mean trajectory for the whole group. Moreover, the differences between 

individuals in the growth patterns over time, mainly depends on the extent that the 

variances of the growth parameters are greater than 0. 

With variation across individuals, individual’s growth parameters i  and i  can become 

outcome variables to be regressed on time-invariant individual background covariate 

variables which can be experimental treatment conditions or stable individual difference 

variables. Then, the Level 2 equations for the intercepts and the slopes may be expressed 

as: 

0i i iZ      
 

                                                             0i i iZ      
                                                   (3.18) 

Where 0  is the grand intercept (mean intercept across N individuals), 0  is the grand 

slope (mean slope across N individuals), iZ
 is the time-invariant covariate, i  and i  

are the residuals associated with i  and i ,   and   are the regression coefficients. 

Therefore, individual differences in the values of the growth parameters (intercept and 

slope) and the regression coefficients for the time-varying variables are modeled at Level 

2. 
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Moreover, with the introductions of models for longitudinal analysis, the input and output 

data for corresponding model can be worked out. Here in table 3.8 will introduce the input 

and output data for linear growth curve model. 

Table 3.8 - Input & Output data of longitudinal analysis-linear growth curve 

Data 
type 

Name Description Format 

Input Measure Value of this measure varies across 
individuals and over time 

Number 

Time-related 
variable 

Such as age and measurement wave, 
varying both over measurement occasions 

and across individuals 

Number 

Output Level 

1 

Intercept

i  

Individual “initial status” or level on the 
measure at the beginning of the study 

Number 

Slope 

i  

Individual growth rate, the change in 
measure per unit of time 

Number 

Level 

2 

Intercept

0  

Mean intercept (Level1) across N individuals Number 

Slope 0  Mean slope (Level1) across N individuals Number 

 

However, with the number of measurement waves increasing, linear growth will not be 

applicable. Then, more complex patterns including quadratic growth, growth to an 

asymptote and other nonlinear forms of growth may be adopted, which will not be 

discussed here. 
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3.4 Scenario Method 

 

The scenario method can be used to perform forensic analysis for analyzing the causes of 

damage due to flood. 

Scenario, defined by the Intergovernmental Panel on Climate Change (IPCC 2008), “a 

scenario is a coherent, internally consistent and plausible description of a possible future 

state of the world. It is not a forecast; rather, each scenario is one alternative image of 

how the future can unfold”, has been used as an alternative to probabilistic risk 

assessment (PRA) by addressing the impact a deterministic hazard input (e.g. flood) may 

have in a given area in the field of natural hazards. 

More specifically, the scenario method retrospectively re-construct and specifies the 

conditions, causes and responses involved in particular destructive events (Burton 2010). 

The term “forensic” refers to the process including a wider area of coverage to trace out 

and assign causal explanation of losses, and the intervening conditions that increased or 

reduced losses. Moreover, this type of “forensic” work could possibly be referred to as 

“projective or predictive forensic” due to its projecting loss and causes into the future as 

opposed to examining and explaining real loss in the past. 

Moreover, scenarios of the past and scenarios of the future can be identified according to 

the actual time of the event occurrence, which was presented in figure 3.6. 
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Hazard
Physical 

characteristics of the 
dangerous phenomena 
(see 2.1 hazard)

Exposure
In quantitative 
terms and values 

exposed systems (see 
2.2 exposure) 

Vulnerability
Physical and 

systemic of exposed 
elements (see 2.3 
vulnerability)

t

EVENT: direct physical 
damage, systemic (higher 
order) damage, long term 

damage

PRA (for few 
variable) and multi-
scale deterministic 

scenario

Complete event report 
and damage database 

at regional and 
national scale

Input as forensic 
analysis on the 

direct and indirect 
causes of damage 

 

Figure 3.6 - Scenarios identification in terms of time (Modified from Menoni et al.) 

 

According to figure 3.6, scenarios of the past and scenarios of the future are separated by 

the actual time of the event occurrence, shaping the way damage assessment can be 

carried out. More exactly, before the event occurrence, the damage is estimated on the 

basis of information regarding the hazards existing in the area of concern, exposed assets 

and the vulnerability of both assets and communities. After the event occurrence, instead, 

the damage is a “known” factor, shaping the scenario that has actually occurred and which 

can be analyzed so as to identify how and to what extent the risk factors of hazard, 

exposure and vulnerability had actually concurred to produce the observed levels of 

damage. 

Therefore, to conduct forensic analysis for the causes of damage due to flood, post-event 

scenario should be constructed and the corresponding procedures was concluded 

according to figure 3.6 as following: 

1. Taking flood as a deterministic hazard (see 2.1 hazard in this thesis) input for 

scenario modelling; 

2. Identifying assessed objectives in terms of damage and then defining the 

parameters to evaluate the degree of exposure (see 2.2 exposure in this thesis) of 

assessed objectives; 
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3. Evaluating the vulnerability (see 2.3 vulnerability in this thesis) of assessed 

objectives; 

4. Combining degree of exposure and vulnerability of assessed objectives, post-flood 

damage evaluation can be conducted.  

 

Hence, post-flood scenario was constructed and then forensic analysis for identifying the 

causes of damage due to flood can be conducted by analyzing flood hazard event, 

exposure and vulnerability of assessed objectives. 
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3.5 Conclusion 

In a nutshell, to conduct the above-mentioned four complementary modes of forensic analysis, tools and methods for each mode can be concluded in 

table 3.9. 

Table 3.9 - Conclusion of tools & methods for applying four complementary modes for forensic analysis 

Modes Tools & Methods Characteristics Input data Output data 

Critical cause analysis Barrier analysis A survey needs to be conducted to 
learn about factors of hazard, 
exposure, vulnerability and damage 
in terms of a hazard (e.g. flood) 

Sample size for Doers and Non-doers; 
estimated prevalence of the behavior in 
study area; responses for each question; 
number of Doers and Non-Doers giving 
corresponding response. 

The importance of the response; 
possibility that Doers were to 
mention the response as 
compared with Non-Doers. 

Change analysis A comparative analysis between the 
event (causing damage) and normal 
situation need to be conducted 

The description of the event; location and 
time of the event occurrence; presence of a 
triggering event (e.g. rainfall for flood); 
prevalence of managerial controls (e.g. 
mitigation measures in terms of flood) 

Difference list between the 
event and normal situation; 
significance of each difference 
factor on the event. 

Fault tree analysis A logic structure presenting the 
various logical combinations of the 
failures which can result in the 
event 

Top event (e.g. damage to objectives due to 
flood); intermediate & undeveloped event 
(e.g. event related to factors of hazard, 
exposure and vulnerability, which can result 
in the damage); AND gate & OR gate 

Minimal cut set including all the 
basic events which can result in 
the top event. 

Causal tree method Requiring the establishment of a 
cause tree and also utilizing 
deductive logic. 

End event (e.g. damage to objectives due to 
flood); fact list (e.g. related to factors of 
hazard, exposure and vulnerability, which 
can result in the damage) 

Relationship between the fact 
lists; root cause list. 
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Modes Tools & Methods Characteristics Input data Output data 

Meta-analysis Hunter-Schmidt method A large number literature review 
related to the causes of an event 
(e.g. events related to factors of 
hazard, exposure and vulnerability 
which can result in damage are the 
“causes”) need to be conducted. 

Effect size (the magnitude of 
observed effect for the causes of 
the event); size of the 
corresponding effect size. 

Homogeneity of effect sizes (see 
formula (8)); population effect (mean 
value where each effect size is 
weighted by the sample size n where 
it is based on (see formula (3))0; the 
generalizability of population effect 
(see formula (7)) 

Longitudinal analysis Growth curve modelling Requiring an investigation where 
participant outcomes and possibly 
treatments or exposures are 
collected at multiple follow-up 
times. 

Measure (e.g. value of the 
building vulnerability); time-
related variable  

Individual intercept (individual “initial 
status”); individual growth slope (the 
change in measure per unit of time); 
mean intercept and slope across N 
individuals. 

Scenarios Post-event damage 
scenario construction 

Requiring to construct post-event 
damage scenario and also utilizing 
deductive logic (e.g. analyzing the 
factors related to hazard, exposure 
and vulnerability to find the causes 
of known damage due to flood) 

Damage of objectives due to an 
event; factors related to hazard, 
exposure and vulnerability which 
can result in the damage 

Causes lists including all the related 
causes which can result in the 
damage. 

 

In table 3.9, tools and methods for applying four complementary modes to conduct forensic analysis has been concluded. Therefore, collective efforts 

of these methods contribute to establishing a medium and a mechanism for developing better comparative understandings of the root causes and 

underlying process resulting in disaster risk in diverse socioeconomic, cultural, national, regional and local settings. 
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4. Case study 
 

In this part, Fort McMurray wildfire event will be studied as a case study. More exactly, the description 

of the event, damage and emergency, and emergency management will be introduced, which can be 

further used for constructing the damage scenario for conducting forensic analysis. 

Fort McMurray, locating in the middle of the Athabasca oil sands and surrounded by boreal forest, is 

an urban service area in the Regional Municipality (RM) of Wood Buffalo in Alberta, Canada (Alberta 

Municipal Affairs 2010), which has played a significant role in the development of the national 

petroleum industry. Unfortunately, a severe wildfire in May 2016 led to the evacuation of its residents 

and caused widespread damage, which will be introduced as case study in the following section. 

 

4.1 Event 
 

The wildfire event began at southwest of Fort McMurray, Alberta, Canada, on May 1st, 2016, which 

is still burning and is expected to take months to extinguish. More exactly, according to the news and 

information from various medias, the timeline for the event evolution was concluded and presented 

in figure 4.1. 

Moreover, the evolution of the wildfire event in Fort McMurray from May 2nd to May 17th has also 

been presented in the maps (figure 4.2) according to The Globe and Mail (2016). More exactly, the 

wildfire in Fort McMurray was spreading from Fort McMurray to the around communities as 

presented in figure 4.2, which shows the worse development trend of the event and also provides the 

information for evaluating the damage in Fort McMurray and surrounding communities.  
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01/05/2016

The wildfire began 
southwest of Fort 

McMurray

04/05/2016

The fire crossed Highway 63 
at Highway 69, south of the 

city, and threatened the 
international airport

05/05/2016

The fire continued to spread 
south on May 5 across 85,000 
hectares (210,000 acres) and 

forcing additional evacuations in 
the communities of Anzac, 

Gregoire Lake Estates and the 
Fort McMurray First Nation. 

06/05/2016

The fire continued to grow 
out of control, spreading to 
100,000 hectares (250,000 

acres) 

07/05/2016

The fire continued to 
grow out of control, 
spreading to 156,000 

hectares (390,000 acres) 

 

16/05/2016

The fire reached oilsand 
work camps south of 

Fort MacKay

17/05/2016

While the fire had moved 
away from Fort 

McMurray, two explosions 
and poor air quality 

continued to prevent 
residents and rebuilding 
crews from returning to 

the town.

18/05/
2016

The fire had grown to 423,000 
hectares (1,050,000 acres) and 
expanded into Saskatchewan

The fire continues to 
spread across 

northern Alberta, and 
into Saskatchewan 

19/05/
2016

The wildfire is still 
burning and is expected 

to take months to 
contain and extinguish.

 

Figure 4.1 - Timeline of the wildfire event in Fort McMurray 
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Figure 4.2- The evolution of wildfire event in maps in Fort McMurray (The Globe and Mail 2016) 
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4.2 Damage and Emergency 
 

As presented in figure 4.2, large numbers of communities were involved in the Fort McMurray wildfire 

event. More exactly, by May 9th, 2400 structures were destroyed and about 85 to 90 percent of the 

city was reported undamaged (McConnell May 9, 2016). Moreover, two explosions occurred in the 

Thickwood and Dickensfield neighborhoods overnight on May 16–17, damaging ten buildings and 

destroyed three (Johnston May 17, 2016). 

Additionally, by 11:55 a.m. MDT on May 6, the Official account for Regional Municipality of Wood 

Buffalo (RMWB) had reported the damage dynamically on the twitter platform as presented in table 

4.1. 

Table 4.1 - Damage/Impacts from RMWB official Twitter account 

Communities Damage/Impacts description Data source 

Anzac Under extreme threat RMWB Twitter (May 5, 5:15 pm) 
12 structures gone, spot fires remain 
however the fire is under control 

RMWB Twitter(May 6, 11:55 am) 

Abasand Light damage RMWB Twitter (May 3, 9:15 pm) 
Serious loss, south worse than north RMWB Twitter (May 4, 4 am) 

50 per cent loss of homes; 
2 homes kitty-comer from hospital lost 

RMWB Twitter (May 4, 12:30 pm) 

North is on fire, radio/cell tower under threat RMWB Twitter (May 5, 8:30 am) 

Beacon Hill Significant damage RMWB Twitter (May 3, 9:15 pm) 

80 per cent loss of homes RMWB Twitter (May 4, 4 am) 
70 per cent loss of homes RMWB Twitter (May 4, 12:30 pm) 

Dickinsfield Light damage RMWB Twitter (May 3, 9:15 pm) 

2 houses lost RMWB Twitter (May 4, 4 am) 
Downtown 1 house lost RMWB Twitter (May 3, 9:15 pm) 

Draper Damage under assessment RMWB Twitter (May 4, 12:30 pm) 

Grayling 
Terrace 

1 house lost RMWB Twitter (May 4, 4 am) 

4 houses lost;  
6 more damaged 

RMWB Twitter (May 4, 12:30 pm) 

Gregoire Residences not affected RMWB Twitter (May 4, 12:30 pm) 

North Parsons New school being built lost RMWB Twitter (May 4, 7:15 pm) 

Saline Creek Residences not affected RMWB Twitter (May 4, 12:30 pm) 

Saprae Creek About 30% significant damage RMWB Twitter (May 5, 5:15 pm) 

Stone Creek North area continues as active fire zone RMWB Twitter (May 5, 5:15 pm) 

Timberlea 12 trailers lost on Mckinlay Cres RMWB Twitter (May 4, 4 am) 

13 trailers lost on Mckinlay Cres RMWB Twitter (May 4, 12:30 pm) 
Thickwood 1 house lost on Signal Rd. RMWB Twitter (May 4, 12:30 pm) 

Waterways Light damage RMWB Twitter (May 3, 9:15 pm) 

Serious loss RMWB Twitter (May 4, 4 am) 
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90 per cent loss of homes RMWB Twitter (May 4, 12:30 pm) 

Wood Buffalo Light damage RMWB Twitter (May 3, 9:15 pm) 

Damage, not as severe as Beacon 
Hill/Abasand/Waterways   

RMWB Twitter (May 4, 4 am) 

Estimate 30+ houses lost RMWB Twitter (May 4, 12:30 pm) 

Infrastructure Damage/Impacts description Data source 

Airport Minor damage to outer structures, primary 
infrastructure intact 

RMWB Twitter (May 5, 5:15 pm) 

Old Airport Rd. Serious damage to structures RMWB Twitter (May 5, 8:30 am) 

Oil sands Active fire zone with destruction of one of the 
workers’ camp 

RMWB Twitter (May 5, 5:15 pm) 

 

Moreover, the Conference Board of Canada released on May 17th 2016 a briefing that assesses the 

impact of the Fort McMurray wildfires on the economies of Alberta and Canada, stating that the 

impact to overall GDP in Alberta will be slightly negative for 2016 as a whole, while at a national level, 

the impacts will hardly be noticeable (The Conference Board of Canada May 17, 2017). More exactly, 

three key points were concluded in the following: 

1. The impact of the Fort McMurray Wildfires to Alberta’s overall GDP will be slightly negative for 

2016. Nationally, the economic impacts will be minimal; 

2. Lost oil production will average about 1.2 million barrels per day for 14 days, translating to roughly 

$985 million in lost real GDP—or 0.33 per cent out of Alberta’s GDP in 2016 and only 0.06 per 

cent out of Canada’s GDP; 

3. However, there are mitigating factors, including the rebuilding effort, which are estimated to add 

roughly $1.3 billion in real GDP to Alberta’s economy in 2017—contributing 0.4 per cent to overall 

growth. 
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4.3 Emergency Management 
 

With the evolution of the wildfire within Fort McMurray and nearby communities, the emergency 

management including evacuation have been conducted by the local municipality, fire department. 

More exactly, the timeline of their emergency management was presented in figure 4.3. 

 

01/05/2016

7 p.m. – A warning goes out to residents 
of Gregoire to be prepared to evacuate 
on short notice due to a wildfire 
southwest of Fort McMurray;

10:30 p.m. – A local state of emergency is 
declared in the Regional Municipality of 
Wood Buffalo. 

An Alberta Emergency Alert is sent 
advising of a mandatory evacuation 
order for Centennial Park, south of 
Airport Road and Gregoire.

02/05/2016 03/05/2016 04/05/2016 05/05/2016

3:30 a.m. – The 
wildfires prompt 
evacuation orders 
for residents of 
Prairie Creek and 
Centennial Trailer 
Park. 

Shelter-in-place 
orders for other 
areas.

11 a.m. – Officials hold a briefing 
on the wildfire and warn that the 
situation is set to get worse before 
it gets better.

5 p.m. – Evacuation centers are 
packed full; meanwhile 
approaching fire forces the 
evacuation of some of the centers.

6 p.m. – A mass evacuation of Fort 
McMurray is ordered. Highways 
become parking lots;

3 p.m. – The province declares a provincial state of emergency.

Reception centres have been set up in Lac La Biche at the Bold 
Centre and in Edmonton at Northlands.

Residents are urged to seek medical attention if they experience 
breathing problems.

9:50 p.m. – Mandatory evacuation orders were issued for the 
communities of Anzac, Gregoire Lake Estates and Fort McMurray 
First Nation.

10: p.m. – The Emergency Operations Centre in Long Lake (near 
Anzac) announced it had to evacuate and move to Lac La Biche, 
some 245 kilometres further south.

1:21 a.m. – All Anzac and Gregoire Lake Estates residents were successfully 
evacuated from the communities.

8 a.m. – In Ottawa, Prime Minister Justin Trudeau announced in the House of 
Commons the federal government will match individual donations made to the 
Red Cross in support of relief efforts in Fort McMurray.

11 a.m. – The Alberta government said the wildfire had grown to 85,000 
hectares and the focus right now is getting 25,000 people who evacuated to the 
north of Fort McMurray back south as quickly as possible.

6 p.m. –Around 4,000 people have been airlifted out of the area north of Fort 
McMurray and were brought to Edmonton or Calgary.
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06/05/2016 07/05/2016 08/05/2016 12/05/2016 16/05/2016

6 a.m. – RCMP begin to 
escort a massive convoy 
to move evacuees 
stranded at oilfield 
camps north of Fort 
McMurray. Convoys of 
50 vehicles are moving 
thousands of people 
through the fire-raved 
community to the south 
along Highway 63.

10:00 a.m. – Notley says all evacuees who had been staying 
in work camps north of Fort McMurray had now been 
moved south of the devastated community.

Afternoon – Scott Long of Alberta Emergency Management 
says the wildfire has now moved into  phase two.  That 
means as well as actively fighting the fire, more advanced 
damage assessment will begin.

Notley also says about 250 gas and electrical workers were 
in Fort McMurray working to restore the grid where power 
had been lost.

6:30 a.m. – The second day 
of an RCMP convoy bringing 
evacuees south from shelters 
at oilfields north of Fort 
McMurray begins. Rachel 
Notley says 4,000 people are 
scheduled to be evacuated 
on Saturday.

Alberta announced another location for Fort McMurray 
fire evacuees to pick up pre-loaded debit cards to meet 
the high demand after hundreds lined up at three centres 
in Edmonton, Calgary and Lac La Biche.

Several camps north of Fort McMurray, including the 
Ruth Lake Camp, were told to evacuate.

10 p.m. – Another Alberta Emergency Alert extends the 
mandatory evacuation notice from Fort McMurray to just 
south of Fort MacKay.

 

17/05/2016 18/05/2016 20/05/2016 21/05/2016

Camps and facilities south of Fort McKay are under a 
mandatory evacuation order.

Fort McKay First Nation, Athabasca Camp and the 
Beaver River Camp are under a recommended 
evacuation order.

Highway 63 from the Parson s Creek interchange to the 
Suncor interchange is closed north and southbound.

Residents in the Municipal District of Greenview, south 
of the Hamlet of Little Smoky and north of Fox Creek, 
are able to return to their homes, but remain on a two-
hour evacuation notice.

Athabasca Camp and the Beaver 
River Camp are under a 
recommended evacuation order.

The two-hour evacuation notice 
for residents in the Municipal 
District of Greenview, south of the 
Hamlet of Little Smoky and north 
of Fox Creek, has been lifted.

A mandatory evacuation order has 
been lifted for seven industry sites:

Millennium Lodge; Borealis Lodge; 
Hudson Lodge; Noralta Lodge; Ruth 
Lake Lodge; Suncor Base Plant 
(including ATT); Syncrude Mildred 
Lake Plant.

A preliminary re-entry plan1 has been 
established and it is anticipated that 
residents can begin going home June 1. A 
voluntary, phased re-entry is planned.

Temporary Housing Support2;

CONTINUE

 

Figure 4.3 - Timeline of the emergency management in Fort McMurray 
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More specifically, the re-entry plan as mentioned on 21/05/2016 in figure 4.3 was detailed in a 

schedule according to the zones as presented in figure 4.4, which follows the following schedule: Zone 

1: Lower Townsite, Anzac, Fort McMurray 468 First Nation, Gregoire Lake Estates (June 1); Zone 2: 

Parsons Creek, Stone Creek, Timberlea, Eagle Ridge, Dickinsfield (June 2); Zone 3: Thickwood, Wood 

Buffalo (June 3); Zone 4(a): Gregoire, Prairie Creek, Saprae Creek Estates (June 3); Zone 4(b): 

Waterways, Abasand, Beacon Hill, Grayling Terrace, Draper (June 4). 

 

Figure 4.4 - Re-entry schedule according to zones (Regional Municipality of Wood Buffalo) 

Additionally, the “temporary housing support” on 21/05/2016 presenting in figure 4.3 has also been 

provided with detailed explanations by the Government of Alberta as following: 

1. The Wildfire Evacuee Transitional Accommodation (WETA) benefit is available to evacuees who 

do not have insurance or who have insufficient insurance to pay for temporary accommodation 

costs in Alberta. 

2. The benefit covers rent, damage deposit and utility connections for up to 90 days from the date 

of evacuation and may also apply to hotel room costs while evacuees arrange temporary housing. 

3. To be eligible, you must be over 18 and not have insurance or have insufficient insurance to pay 

for housing needs. 
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4. Income is not used to determine eligibility for WETA. This funding will not limit other benefits like 

the debit-card allowance, Income Support or Assured Income for the Severely Handicapped. 

5. Eligible evacuees can contact 310-4455 for information and apply in person at Alberta Works 

offices throughout the province. Residents must present personal identification, their Canadian 

Red Cross registration number, proof of primary residence in the evacuated area and confirmation 

of the address of their temporary housing (such as hotel receipts or a rental agreement). 

6. Only one adult may apply per household.  
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5 Data Architecture 
 

5.1 Entity of Wildfire Event 
 

According to the description of the Fort McMurray wildfire event (see 4.1 Event), the corresponding 

entity used for establishing database was built as presented in figure 5.1, which provides the space 

for storing the corresponding information used in the description of the wildfire event. More exactly, 

the attributes attached to the wildfire (entity) were according to the information data used in the 

description in figure 4.1 (see 4.1 event). 

 

Wildfire

Extensive size

(1,n)

(1,n)

(1,n)

(1,1)

(1,1)

(1,1)

Event ID

Ignition cause

Type

Country

Province

Municipality

Start Date

Finish Date

Origin Source

Perimeter

Propagation

Value
Date

Time

Description
Date

Time

Direction
Speed

Wind

Date
Time

 

Figure 5.1 - Entity of the Fort McMurray wildfire event 
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5.2 Entity Relationship Diagram of Wildfire and Damage & Threat 
 

As a consequence, the Fort McMurray wildfire event caused threats and damage to the affected areas. 

Hence, the entity relationship (E-R) diagram between wildfire event and damage & threat was 

established as presented in figure 5.2. 

 

Wildfire

Caused

Human Loss
Human 

Displacement

(0,n)

(1,1)(1,1)

Caused

Caused
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Occurred on
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(0,n)

(0,n)

(0,n)
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Occurred on
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(0,n)
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Object

Threatened 
Object

Damaged 
Object

Private Asset

Infrastructure

Environment

Cultural Heritage

Public and 
Strategic Building

Industry

Residential 
Building/House

Vehicle

Network/System

Airport

Port

Administrative 
Building

School Hospital Fire Station Police Station

Water System

Power System

Road System

Gas System

Telecom System

Sewage System

Railway System

 

Figure 5.2 - Entity relationship diagram between wildfire and damage & threat 

 

Consequently, the E-R diagram for wildfire and damage & threat (figure 5.2) has connected the 

database of wildfire event, with the database of damage, threat, human loss and human displacement 

respectively. More specifically, the entities of damage, threat, human loss and human displacement 

used for their corresponding database were also constructed as presented in figure 5.3, figure 5.4 and 

figure 5.5. 
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Damage

Damage ID
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Date
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Detailed Damage 
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Figure 5.3 - Entities of damage and related subcategorization 

Threat

Threat ID
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Country

Post code

Threatened Object
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Location
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(0,1)

Reference 
name

Reference 
contact

 

 
Figure 5.4 - Entities of threat and related subcategorization 
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Human Displacement

HDisplacement ID

Estimated number of 
displaced people

Human Loss

HLoss ID

Number of affected 
people

Number of evacuated 
people

Number of dead 
people

Number of injured 
people

Number of homeless 
people

Assessment date

Assessment date

 
Figure 5.5 - Entities of human loss and human displacement 

 

More specifically, according to figure 5.3, damage includes two categorizations as direct physical 

damage and economic damage. Moreover, damage have occurred on the affected community as on 

the damaged object. Additionally, the damage assessment here is a dynamic data depending on the 

assessment date and here the study will focus on the general damage description due to the fact that 

the Fort McMurray wildfire event has not ended by the data collection deadline. While for the 

affected community, the names for each community were according to the administrative name from 

the government. Hence, according to the information data listed in table 4.1 (see 4.2 damage and 

emergency) and presented in figure 4.1 (see 4.1 event), the attributes of each entities were 

determined for memorizing the corresponding information in the database. 

While for the figure 5.4, the wildfire has also caused threat in the threatened community and object. 

More exactly, threat has different categories depending on the source of threat such as fire, explosion 

and bad air quality, and the threat description is like “which community or object is threatened”. 

Hence, the information data of threat can be written in the database. 

In terms of figure 5.5, entities of human displacement and loss due to the Fort McMurray wildfire 

event were presented, which were therefore used for memorizing the information data about the 

number of people affected by the fire. 
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Moreover, entities of main categories of object (see figure 5.2) like private asset, infrastructure, public 

and strategic building and network/system were also constructed as presented in figure 5.6.  More 

exactly, the private asset type refers to industry, residential building/house and vehicle, while the 

infrastructure type to network/system, airport and port. Additionally, public building includes public 

administrative building, school, hospital, fire station and police station, while network type refers to 

water system, power system, road system, gas system, telecom system, sewage system and railway 

system. While the location/address of private asset, infrastructure, and public and strategic building 

means the exact location/address of the threatened or damaged object. However, the threatened or 

damaged network/system is always a part of the whole line system which occupies a long distance. 

Hence, length/size was applied to describe the affected part of the network/system.  
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Figure 5.6 - Entities of object categories 
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5.3 Entity Relationship Diagram of Wildfire and Emergency Response 
 

The another consequence of the wildfire event is the corresponding emergency response, which were 

conducted by the headquarter team consisting of fire station, police station, medical center and the 

government. More exactly, the main categories of emergency response were divided into four 

categorizations as evacuation order, warning, announcement and measure, which are according to 

the emergency response conducted by the Canada government. Hence, the entity relationship 

diagram of wildfire event and emergency response was established as presented in figure 5.7, and 

the database of wildfire event was connected with the database for emergency response. 

Emergency Response 
Action
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(1,1)
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Order

EOrder ID
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Announcement ID

Contents
Source

Date
Time
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ERAction ID Description
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Contents
Source

Date
Time

Location
 

Figure 5.7 - Entity relationship diagram between wildfire and emergency response 

 
More specifically, the priority of evacuation order refers to whether the evacuation order is 
mandatory or voluntary, while the contents are which community residents are under mandatory or 
voluntary evacuation, and where and how to be evacuated. Hence, with the attributes for the date 
and time of the evacuation order and the issuing location, the information data can be stored in the 
database. 
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While the contents of warning are like ‘highway 63 was closed due to the fire’ and ‘air quality in X 
community is not good’, and the contents of announcement are like the process of the evacuation, 
the evolution of the wildfire, where to take the resource, etc. As for the contents of measure, actions 
such as the fireman repair the road for evacuation, and the technicians repair the electricity and gas 
lines, are the information data for them. As a consequence, the database of emergency response was 
established with the construction of entities for evacuation order, warning, announcement and 
measures storing the corresponding information data from the emergency response conducted by 
the Canadian government.  
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5.4 Relational Model 
 
Accordingly, the relational model of the data structure can be built based on the information from the 
entity relationship introduced before (see 5.1 Entity of Wildfire Event, 5.2 Entity Relationship Diagram 
of Wildfire and Damage & Threat, and 5.3 Entity Relationship Diagram of Wildfire and Emergency 
Response), which was presented as following: 
 
1) Tables of each entity 
 

1. Wildfire (Event ID, Ignition cause, Type, Start Date, Finish Date, Original Source, Country, Province, 
Municipality); 

2. Human Displacement (HDisplacement ID, Estimated number of displaced people, Assessment 
date); 

3. Human Loss (HLoss ID, Number of affected people, Number of evacuated people, Number of dead 
people, Number of injured people, Number of homeless people, Assessment date); 

4. Damage (Damage ID, Typology, Assessment date, General Damage Description, Detailed Damage 
Description); 

5. Affected Community (Country, Post Code, Community Name, Affected Area, Administrative Area); 
6. Direct Physical Damage (DPhysical ID); 
7. Economic Damage (EDamage ID, Lost Revenue); 
8. Damaged Object (DObject ID, Location, Description, Picture, Reference name, Reference contact);  
9. Threat (Threat ID, Category, Threat Description); 
10. Threatened Community (Country, Post Code, Community Name, Threatened Area); 
11. Threatened Object (TObject ID, Location, Description, Picture, Reference name, Reference 

contact); 
12. Private Asset (PAsset ID, PAsset Name, PAsset Type, Location/Address); 
13. Infrastructure (Infrastructure ID, Infrastructure Type, Location/Address); 
14. Public and Strategic Building (PBuilding ID, PBuilding Name, PBuilding Type, Location/Address); 
15. Network/System (Network ID, Network Name, Network Type, Length/Size); 
16. Emergency Response Action (ERAction ID, Description). 
 
 
 
 
 
 
 
 
 
 
 
 
The highlighted entities were used to for creating the corresponding database by ArcMap, which were further applied 
for publishing as a feature layer in ArcMap.  
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2) Tables of each (X, n) (X, n) relationship 
 
1. Wildfire Caused Wildfire (Event ID, Event ID); 
2. Threat Occurred on Threatened Object (Threat ID, TObject ID, Date, Time); 

3. Threat Occurred on Threatened Community (Threat ID, TObject ID, Date, Time); 

 
3) Tables of each slave entity of each (X, n) (X, 1) relationship 
 
1. Human Displacement (HDisplacement ID, Estimated number of displaced people, Assessment 

date, Event ID); 
2. Human Loss (HLoss ID, Number of affected people, Number of evacuated people, Number of dead 

people, Number of injured people, Number of homeless people, Assessment date, Event ID); 
3. Threat (Threat ID, Category, Threat Description, Event ID); 
4. Damage (Damage ID, Typology, Assessment date, General Damage Description, Detailed Damage 

Description, Event ID); 
5. Affected Community (Country, Post Code, Community Name, Affected Area, Administrative Area, 

Damage ID); 
6. Damaged Object (DObject ID, Location, Description, Picture, Reference name, Reference contact, 

DPhysical ID);  
7. Emergency Response Action (ERAction ID, Description, Event ID). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The highlighted attributes in this part were related to the dynamic characteristics of Fort McMurray wildfire. 
Moreover, the wildfire is in a dynamic evolution process. Hence, with attributes like date and time, the database for 
wildfire event, damage and emergency response actions are dynamic with the evolution of wildfire in Fort McMurray. 
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5.5 Database in ArcMap 
 

Geographical data can be defined as the information describing the location and attributes of things, 

including their shapes and representation (GIS Dictionary). Hence, geographical data is the composite 

of spatial data and attribute data. With the relational model introduced above (see 5.4 Relational 

Model), the information of attributes part of corresponding Geodatabase for collecting wildfire event 

information, damage information and emergency response actions were identified, which were 

further used for creating the geodatabase in ArcMap. Moreover, the information of the location part 

can be located by the user when accessing the survey map. Therefore, this part will introduce the 

geodatabase for wildfire survey, damage survey and emergency response action constructed in 

ArcMap. 

 

5.5.1 Database of Wildfire Event 
 

According to the relational model of wildfire entity, the main characteristics of wildfire is the extensive 

size, perimeter and propagation. Hence, the geodatabase of these characteristics were created by 

ArcMap, which were presented in figure 5.8, 5.9 and 5.10 respectively as following: 

 

 

Figure 5.8 – Database of wildfire extensive size 
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Figure 5.9 - Database of wildfire perimeter 

 

 

Figure 5.10 - Database of wildfire propagation 

 

More exactly, figure 5.8 presents the database for wildfire extensive size and the “value” attribute is 

used to describe the burning area of propagation area. While figure 5.9 presents the perimeter of 

wildfire, which describes the development of boundary of the burning area as the attribute 

“description” attribute. Additionally, figure 5.10 shows the propagation characteristic of the wildfire, 

which were described by the attributes “direction”, “speed” and “wind”. 
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5.5.2 Database of Damage  
 

Here will introduce the damage geodatabase. As the damage occurs on not only the damaged objects 

but also the community, the geodatabase for damage were divided into four categories, which are 

damage to affected community, damage to private asset, damage to infrastructure, and damage to 

public and strategic building. Hence, the database of each category was presented in figure 5.11, 5.12, 

5.13 and 5.14 respectively as following: 

 

 

Figure 5.11 – Database of damage to affected community 

 

Figure 5.12 – Database of damage to private asset 
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Figure 5.13 - Database of damage to infrastructure 

 

 

Figure 5.14 - Database of damage to public and strategic building 

 

More specifically, the attribute “damage description” in each damage database has used the coded 

values, which are “Affected”, “Minor”, “Major”, “Destroyed” and “Inaccessible”. Hence, the user can 

choose the damage level for the damage situation. Moreover, the “assessment date” attribute 

presents the dynamic characteristic of the database according to the dynamical evolution of Fort 

McMurray wildfire. Additionally, the damage database of private asset, infrastructure, and public and 

strategic building have also provided the user with the selection list for private asset type (industry, 

residential building and vehicle), infrastructure type (network/system, airport and port), and public 

and strategic building type (administrative building, school, hospital, fire station and police station). 
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5.5.3 Database of Emergency Response Action  
 

According to the figure 5.7 (see 5.3 entity relationship diagram of wildfire and emergency response) 

and the relational model of emergency response action, four main categories were identified, which 

are evacuation order, warning, announcement and measures. Hence, database of these categories 

were created by ArcMap, which were presented in figure 5.15, 5.16, 5.17 and 5.18 respectively as 

following: 

 

 

Figure 5.15 – Database of evacuation order 

 

 

Figure 5.16 – Database of warning 
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Figure 5.17 – database of announcement 

 

 

Figure 5.18 - Database of measure 

 

More exactly, for example, figure 5.15 presents the database of evacuation order, where the attribute 

“priority” provides the user with two choices: compulsory and voluntary, as the information listed in 

figure 4.3 (see 4.3 emergency management). The “source” attribute refers to the object who delivers 

the evacuation order and “location” attribute means the place where the order was issued. Moreover, 

the attributes “date” and “time” shows the dynamic characteristic of emergency management. 

Accordingly, the meaning of each attribute in other category of emergency response action is the 

same except the contents.  
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6. Information Survey Map 
 

With the geodatabase as presented before (see 5.5 database in ArcMap), the “edit feature” can be 

added into the basemap1 provided by ESRI. Hence, the survey maps for collecting wildfire event 

information, damage information and emergency response action information were produced, which 

will be introduced in this section. Moreover, the location part of the geographical data will also be 

determined by the users, which will be introduced in this section. 

 

6.1 Wildfire Event Survey Map 
 

Here will introduce the Fort McMurray wildfire event survey map. More exactly, by adding the feature 

layer containing the database of wildfire event, the wildfire event survey map was produced in ArcGIS 

Online, which was further shared in the organization2. Hence, the map produced in ArcGIS Online can 

be accessed by the organization member by ArcGIS Online3 or Collector for ArcGIS4. Consequently, 

the organization member can use smart phone or computer to access the wildfire event survey map 

and input the information. More exactly, the wildfire event survey map will be introduced here both 

in ArcGIS Online and Collector for ArcGIS. 

 

6.1.1 Wildfire Event Survey Map in ArcGIS Online 
 

As introduced above, the wildfire event survey map was produced by adding the feature containing 

database of wildfire event into the basemap, which was presented in figure 6.1 as following: 

 

 

 

 

 

 
1More information related to basemap can be accessed here http://www.esri.com/data/basemaps  
2More information related to organization can be accessed here http://doc.arcgis.com/en/arcgis-

online/reference/join-org.htm  

3More information related to ArcGIS Online can be accessed here http://www.esri.com/software/arcgis/arcgisonline  

4More information related to Collector for ArcGIS can be accessed here http://www.esri.com/products/collector-for-

arcgis  

http://www.esri.com/data/basemaps%202
http://www.esri.com/data/basemaps%202
http://doc.arcgis.com/en/arcgis-online/reference/join-org.htm
http://doc.arcgis.com/en/arcgis-online/reference/join-org.htm
http://www.esri.com/software/arcgis/arcgisonline
http://www.esri.com/products/collector-for-arcgis
http://www.esri.com/products/collector-for-arcgis
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Figure 6.1 – Wildfire event survey map in ArcGIS Online 

 

More exactly, the legends on the left side represents the three main characteristics of wildfire: the 

black arrow represents the propagation of wildfire, the fire red polygon represents the perimeter of 

wildfire, while the ginger pink polygon presents the extensive size of wildfire.  

Moreover, the user can add the necessary legend into the map and a working window contains the 

attributes as introduced before (see 5.5.1 database of wildfire event) will appear. Here will introduce 

an example for inputting the extensive size of wildfire, which was presented in figure 6.2 as following: 

 

 

Figure 6.2 – Wildfire event survey map collecting extensive size in ArcGIS Online 
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Then, the user can input the information which was collected and close the window after inputting 

all the information. Hence, the administrator can access the wildfire event survey map and read the 

information by clicking on the legend that any users have added into the map. An example following 

the complete in the working window as presented in figure 6.2 was introduced, which is reading the 

information filled in by any users as presented in figure 6.3: 

 

Figure 6.3 – Wildfire event survey map reading information of extensive size in ArcGIS Online  
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6.1.2 Wildfire Event Survey Map in Collector for ArcGIS  
 

As introduced above, the another method to access the wildfire event survey map is by Collector for 

ArcGIS, which can be installed in both computer and smart phone. By starting the Collector for ArcGIS 

application, the wildfire event survey map appears as presented in figure 6.4. 

 

 

Figure 6.4 – Wildfire event survey map in Collector for ArcGIS 

 

More exactly, by clicking on the legend in the map, the information inputted by any users can be read 

from the information window on the left. Here will take an example for reading the information about 

perimeter as presented in figure 6.3, which was presented in figure 6.5. 

Moreover, the information read from Collector for ArcGIS (left side of figure 6.5) is the same as that 

read from ArcGIS Online, which demonstrates that the wildfire event survey map with information of 

the wildfire event can be accessed and shared by both ArcGIS Online and Collector for ArcGIS.  
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Figure 6.5 – Wildfire event survey map reading information of extensive size in Collector for ArcGIS 

 

Additionally, the information can also be inputted by Collector for ArcGIS by adding the legend into 

the map. Then, the working window which was used for inputting the information will appear on the 

left side. Hence, the information can be filled into. Here will take an example of inputting the 

perimeter information by Collector for ArcGIS, which was presented in figure 6.6. 

 

Figure 6.6 – Wildfire event survey map collecting perimeter in Collector for ArcGIS 
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Then, any user can input the perimeter information into the left side table and then submit to the 

database, which can be used for analyzing the evolution trend of the wildfire. 

 

6.2 Damage Survey Map 
 

Similarly, the damage survey map was developed by adding the damage geodatabase as a feature 

layer into the base map as how the wildfire survey map was produced. Hence, the damage survey 

map was created in ArcGIS Online, which can be accessed by ArcGIS Online or Collector for ArcGIS 

within the organization members. Therefore, this section will introduce how the damage survey map 

was presented and used by both ArcGIS Online and Collector for ArcGIS. 

 

6.2.1 Damage Survey Map in ArcGIS Online 
 

As introduced above, the damage survey map was produced by adding the feature containing 

database of damage into the basemap, which was presented in figure 6.7 as following: 

 

Figure 6.7 – Damage survey map in ArcGIS Online 

More exactly, the legends on the left side of the map present the four main damage categories: 

damage to private asset, damage to public and strategic building, damage to infrastructure, and 

damage to affected community, which any user can use to add into the map for reporting the damage 

information.  
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Moreover, as the legends presented in figure 6.7, damage to affected community has adopted the 

polygon features rather than point features for the other three damage categories, due to the fact 

that damage to the affected community is an area rather than just a house, bridge or school. Hence, 

the user can draw the polygon on the survey map to state that such area was damaged due to wildfire, 

and input the damage information in the working window, which were presented in figure 6.8 as 

following: 

 

Figure 6.8 – Damage survey map collecting information in ArcGIS Online 

Hence, the user can input the damage information of the surveyed community into the window and 

save the map, which can be read by clicking on the symbol in the damage survey map, which was 

presented in figure 6.9 as following: 
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Figure 6.9 – Damage survey map collecting information in ArcGIS Online 

6.2.2 Damage Survey Map in Collector for ArcGIS  
 

As mentioned above (see beginning of 6.2 damage survey map), the damage survey map can also be 

accessed by Collector for ArcGIS. More exactly, the damage survey map will appear as figure 6.10 in 

Collector for ArcGIS as following: 

 

 

Figure 6.10 – Damage survey map in Collector for ArcGIS 
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Moreover, the damage information inputted in figure 6.9 for community Stone Creek can be read by 

Collector for ArcGIS, which was presented in figure 6.11. More exactly, the damage information read 

from Collector for ArcGIS is the same as that inputted and read from ArcGIS Online. 

 

 

Figure 6.11 – Damage survey map reading information of damage in Collector for ArcGIS 

 

Additionally, Collector for ArcGIS also provides the users with the access to report damage 

information by adding the legend on the damage survey map where the damage information can be 

inputted, which was presented in figure 6.12. 
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Figure 6.12 – Damage survey map collecting damage information in Collector for ArcGIS 

 

More specifically, the working window at the left side of figure 6.12 provides the user with the table 

to fill into. Hence, the damage information was inputted into the table and submitted to the database 

terminal, which can be used for conducting damage assessment. 

 

6.3 Emergency Response Action Survey Map 
 

To evaluate the resilience of the emergency management team confronting with various hazards, the 

recordings of the orders, warnings and actions delivered by the team are very necessary, which can 

be further used for analyzing the vulnerable points of the team. Hence, this section will present the 

emergency response action survey map by both ArcGIS Online and Collector for ArcGIS. 

 

6.3.1 Emergency Response Action Survey Map in ArcGIS Online 
 

This part will introduce the emergency response action survey map developed by ArcGIS Online. 

More exactly, the emergency response action map was designed by adding the geodatabase of 

emergency response actions as a feature layer into the basemap, which was presented in figure 6.13. 

Hence, the users can access the map and input the surveyed information.  
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Figure 6.13 – Emergency response action survey map in ArcGIS Online 

 

According to figure 6.13, the legends on the left side of emergency response action survey map 

provide the choices for selection, which are announcement, measure, warning and evacuation order. 

Moreover, as the measure, warning and evacuation order were delivered aiming at a region, polygon 

feature was applied as the legend. While announcement is about issuing the current situation, point 

feature was applied. Hence, the user can access the emergency response action map and draw the 

area or add the point feature into the map (figure 6.14). Consequently, the information can be 

inputted into the database as presented in figure 6.15. 

 

Figure 6.14 – Emergency response action survey map collecting information in ArcGIS Online 
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Figure 6 15 – Emergency response action survey map reading information in ArcGIS Online 

 

6.3.2 Emergency Response Action Survey Map in Collector for ArcGIS 
 

As indicated above (see beginning of 6.3 emergency response action survey map), the emergency 

response action map can also be accessed by Collector for ArcGIS, which was presented in figure 6.16 

as following: 

 

Figure 6.16 – Emergency response action survey map in Collector for ArcGIS 
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Moreover, the surveyed information of emergency response action can also be read from Collector 

for ArcGIS by clicking on the symbol added into the map, which was presented in figure 6.17 for the 

information inputted in figure 6.14 (the inputted data was read in figure 6.15).  

According to figure 6.17, the evacuation order data read from emergency response action survey 

map at the left side of the map is the same as that read from ArcGIS Online as presented in figure 

6.15, which demonstrates that the emergency response action map can be shared and accessed both 

by ArcGIS Online and Collector for ArcGIS. 

 

 

Figure 6.17 – Emergency response action survey map reading information in Collector for ArcGIS 

 

Additionally, reporting the surveyed information of emergency response action by Collector for 

ArcGIS is also feasible. More specifically, the user can add the legend into the map and the working 

window including the table for collecting the data will appear at the left side of the map, which was 

presented in figure 6.18. Hence, the surveyed information can be inputted into the table and 

submitted to the database terminal. 
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Figure 6.18– Emergency response action survey map collecting information in Collector for ArcGIS 
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7. Results Discussion and Conclusions 
 

The current section will introduce the general usefulness of the information system as fore-

introduced (see 5 data architecture and 6 information survey map) and how the information system 

can be applied to constructing the complete post-event scenario for performing the forensic analysis 

of the causes of damage. Moreover, the conclusion of the thesis will also be introduced in this section. 

 

7.1 Discussion 
 

Immediately following, and even while a disaster or major emergency is occurring, assessing the 

damage and impacts quickly and as accurately as possible is necessary, which is first damage 

assessment (or initial damage assessment). More exactly, first damage assessment focuses on 

damages to residences, business and public infrastructure. Accordingly, the damage data collected 

by information system (see 6.2 damage survey map) can be used for conducting first damage 

assessment, which will give important information to emergency managers to enable them to 

support emergency response personnel and provide resources to the areas most in need, effectively 

assisting the population with critical emergency needs. 

Moreover, the data collected for first damage assessment by the information system could also be 

applied to constructing the complete post-event scenario, which was introduced in details as 

following:  

1. The data collected by wildfire event survey map (see 6.1 wildfire event survey map) can be used 

for representing the wildfire event, which could be further applied to conducting the wildfire 

hazard assessment. More exactly, the geographical data including the extensive size, perimeter 

and propagation of the wildfire, can be applied for producing the wildfire hazard map presenting 

the wildfire-prone zones, which is exactly the wildfire hazard analysis.  

2. The data collected by damage survey map (see 6.2 damage survey map) corresponds to the first 

damage assessment for the wildfire event, which provides the exposure information of the 

damaged objects such as residential buildings, industries, roads and airport. Hence, the exposure 

analysis can be conducted. 

3. The data collected by emergency response action survey map (see 6.3 emergency response action 

survey map) including the evacuation orders, warnings, announcements and measures delivered 

by the emergency management team, can be applied for analyzing the resilience of the 

organization team, which is exactly an aspect for conducting an integrated vulnerability analysis. 
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Consequently, the complete post-event scenario can be constructed based on the data collected by 

the information system, which permits to conduct forensic analysis by presenting all factors that have 

contributed to the disaster in terms of hazard, exposure, vulnerability and response capacity. 

However, to build a complete post-event scenario permitting to conduct forensic analysis, data 

collected by the information system for first damage assessment is not sufficient. More specifically, 

the data for first damage assessment, collected by the information system is not enough for 

conducting a complete exposure or vulnerability analysis, due to the fact that collecting the detailed 

damage information is not possible during the crisis (e.g. wildfire): 

1. A complete vulnerability analysis requires more detailed damage information than the current 

data collected by information system. For example, to conduct the physical vulnerability of the 

residential building, information such as the age, structure, building materials and using 

conditions, needs to be collected while collecting such information is not possible at the first 

damage assessment stage. Moreover, information related to population vulnerability such as age, 

gender and residence location was not available at the first damage assessment stage (usually 

during the crisis such as wildfire), which needs to be collected after the crisis for the detailed 

damage assessment.  

2. In terms of exposure analysis, monetary values are often adopted for exposure assessment 

though this may be problematic for valued elements that are not simply equated to a monetary 

measure. The damage data collected by information system presents a rough estimate of the 

values for damaged objects such as buildings, vehicles and industries, while a detailed exposure 

analysis requires more accurate value evaluation of the damaged objects or objects locating in 

the wildfire-prone zones according to the hazard analysis. Additionally, exposure assessment of 

exposed elements for which monetary value is not applicable such as cultural heritages in the 

disaster zones, may require a complete exposure index system and more detailed information of 

the exposures for the exposure analysis, which can only be performed after the crisis.  

Hence, to construct a completed post-event scenario for conducting forensic analysis of the causes 

of damage, more information will be required especially for the exposure and vulnerability analysis. 

Additionally, the information system as fore-mentioned can not only be applied to collecting data for 

first damage assessment but also provides a platform with the surveyors for collecting detailed 

damage information after the disaster (e.g. wildfire). Therefore, the detailed damage assessment can 

be conducted by the information system after the disaster (e.g. wildfire), which can not only provide 

the detailed information of the damaged objects such as residential buildings, roads, bridges and 

public & strategic buildings for performing a complete vulnerability analysis, but also the detailed  
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information for exposure analysis of the exposed elements such as cultural heritages and historical 

regions. As a consequence, the complete post-event scenario can be built for conducting the forensic 

analysis of the causes of damage. 

 

7.2 Conclusions 
 

This part will present an overall view of the achieved objectives which have been listed in the 

introduction section. 

To start with, the current study has concluded the core concepts required for conducting the damage 

analysis due to natural hazards, which are hazard, exposure and vulnerability. More specifically, not 

only the definitions, categories, evaluation analysis of these concepts have been introduced based 

on the literature review, but also how these concepts can be represented and how the database can 

be created have been described, which was further used as reference for creating the database in 

the data architecture section. 

From the literature review, methodologies proposed in previous study for performing forensic 

analysis of the causes of damage have been concluded, such as critical cause analysis, meta-analysis, 

longitudinal analysis and scenario method. Moreover, the common methods used for these 

methodologies have also been described in terms of the process of the methods, input and output 

data flow involved in the performance of these methods, which were also further applied as 

reference to creating the database in data architecture section. Hence, the scenario method was 

identified as the suitable methodology for performing forensic analysis to study the causes of damage 

due to the natural hazards. 

As a consequence, to construct the complete post-event scenario for conducting forensic analysis, 

data related to hazard event, damage and emergency response action needs to be collected. 

Therefore, Fort McMurray wildfire event was introduced as the case study, whose information 

including wildfire event, damage and emergency response action has been concluded from the news 

and publications from the related media and government. According to the collected information, 

the E-R Diagram and relational model of the wildfire event, damage and emergency response action 

were designed. More specifically, the wildfire event entity was mainly characterized by parameters 

such as extensive size, propagation and perimeter, while emergency response action mainly consists 

of evacuation order, warning, announcement and measure. Moreover, damage entity was divided 

into four categories as damage to private asset including residential building, industry and vehicle,  
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damage to infrastructure containing network or system, airport and port, damage to public and 

strategic building including administrative building, school, hospital, police station and fire station, 

and damage to affected community, which was applied to creating the database in ArcMap.  

The database created in ArcMap was therefore published as a feature layer into ArcGIS Online. Hence 

the layer containing the corresponding database for wildfire event, damage and emergency response 

action can be added into the base map provided by ESRI, which consequently produced the 

information survey maps for wildfire event, damage and emergency response action. More exactly, 

the information survey map can be shared and applied to collecting information data of wildfire event, 

damage and emergency response action within the survey group. Moreover, how the information 

was inputted by the survey map and how the inputted data can be read have been introduced both 

by ArcGIS Online and by Collector for ArcGIS. Consequently, the survey map can be accessed by any 

user within the survey group to report the surveyed information. Due to the fact that application of 

Collector for ArcGIS can be installed in both computers and smart phones, the information survey 

maps can be accessed by users easily, which makes a significant contribution for the survey group 

members to report their information during the crisis or emergency. Additionally, as the survey map 

can be accessed by any users within the survey group at any time, the information data collected will 

be dynamic, which can be further applied to representing the wildfire event as a dynamic process 

with the timeline.  

As a consequence, the information collected by the information system will be constructed and 

stored into the database created by ArcMap in data architecture section, which therefore can be 

applied to constructing the complete post-event scenario for conducting forensic analysis. More 

specifically, the data for wildfire event collected by the information system, including the parameters 

characterizing wildfire such as extensive size, perimeter and propagation, can be used for producing 

the wildfire hazard map prepared for the hazard analysis. Moreover, the damage data for first 

damage assessment collected by the information system can be used for analyzing the exposures 

according to the damaged objects. Additionally, the data of emergency response action was applied 

to analyzing the resilience of the emergency management team, which is an aspect considered into 

conducting the vulnerability analysis. However, the data collected by the information system at the 

first damage assessment stage is not enough to constructing a complete post-event scenario for 

performing forensic analysis, due to the fact that the detailed damage information is not available 

during the crisis (e.g. wildfire). Hence, to construct a complete post-event scenario, a detailed 

damage assessment is necessary which requires more information compared with the data collected 

by the information system as fore-mentioned. While the information system applies not only to 

collecting data for first damage assessment but also to surveying detailed damage information after 

the disaster, a detailed damage assessment could be conducted, which can be applied to performing 

a complete vulnerability analysis. As a consequence, the complete post-event scenario permitting to 

conduct the forensic analysis by presenting all factors that have contributed to the damage in terms 

of hazard, exposure and vulnerability, can be built. 
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