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Damage cost assessment has not received much scientific attention 

and compared to methods and data on hazards, damage data are 

scarce and damages estimation methods are crude  

(Merz et al. 2010).  

 

 

The standardization and systematic collection of risk and loss 

information, especially at local levels, and the establishment of open-

access and open-source data platforms is still limited and needs to be 

stimulated and enhanced through norms.  

(UNISDR 2015, Sendai framework for action 2015-2030). 

 

 

A clear articulation of the right to access risk information is 

instrumental to, and an enabler of, disaster risk management. 

Accessibility requires taking into account various categories of users 

and their needs.  

(UNISDR 2015, Sendai framework for action 2015-2030). 

 



Abstract 

Natural hazards cause enormous amounts of damage worldwide every year. Since 

1994 more than 1.35 billion people have lost their lives and more than 116 million 

homes have been damaged. Understanding of disaster risk implies knowledge 

about vulnerability, capacity, exposure of persons and assets, hazard characteristics 

and the environment. Quantitative damage assessments are a fundamental part of 

disaster risk management. There are, however, substantial challenges when 

quantifying damage which depends on the diversity of hazards and the fact that one 

hazardous event can negatively impact a society in multiple ways. The overall aim 

of the thesis is to analyze the relationship between climate-related natural hazards 

and subsequent damage for the purpose of improving the prerequisite for 

quantitative risk assessments in the future. The thesis concentrates on two specific 

types of consequences due to two types of hazards, 1) damage to buildings caused 

by lake floods, and 2) loss of lives caused by quick clay landslides.  Several causal 

relationships were established between risk factors and the extent of damages. Lake 

water levels increased the probability of structural building damage. Private 

damage reducing measures decreased the probability of structural building damage. 

Extent of damage decreased with distance to waterfront but increased with longer 

flood duration while prewar houses suffered lower flood damage compared to 

others. Concerning landslides, the number of fatalities increased when the number 

of humans in the exposed population increased. The main challenges to further 

damage estimation are data scarcity, insufficient detail level and the fact that the 

data are rarely systematically collected for scientific purposes. More efforts are 

needed to create structured, homogeneous and detailed damage databases with 

corresponding risk factors in order to further develop quantitative damage 

assessment of natural hazards in a Nordic perspective. 



Sammanfattning  

Naturolyckor orsakar enorma mängder skador över hela världen varje år. Under 

åren 1994-2013 förlorade mer än 1,35 miljoner människor sina liv och mer än 116 

miljoner hem skadades. Förståelse av risk för naturolyckor innebär kunskap om 

sårbarhet, kapacitet, exponering av personer och tillgångar, hot och miljö. 

Kvantitativa skadebedömningar, som är en viktig del av riskbedömningar, omfattas 

av stora utmaningar som grundar sig i hotens mångfaldighet och det faktum att en 

naturolycka kan påverka ett samhälle negativt på många olika sätt. Det 

övergripande syftet med avhandlingen är att analysera förhållandet mellan 

naturkatastrofer och potentiellt påföljande skador i syfte att förbättra 

förutsättningarna för kvantitativa riskbedömningar i framtiden. Avhandlingen 

koncentrerar sig på två typer av naturolyckor med specifika konsekvenser, 1) 

skador på byggnader till följd av sjö-översvämningar, och 2) förlust av liv orsakat 

av lerskred. Flera orsakssamband mellan riskfaktorer och omfattning av skador har 

identifierats. Sjöarnas vattennivåer ökade sannolikheten att drabbas av strukturell 

byggnadsskada, samtidigt som privat initierade åtgärder minskande sannolikheten.. 

När avstånd mellan sjö och byggnad ökade minskade omfattningen av 

översvämningsskador, men ökade ju längre sjööversvämningen varade. Hus 

byggda före 1940 fick mindre skador jämfört med andra hus. Andelen dödsfall i 

samband med skred i kvicklera ökade när antal människor i den exponerade 

befolkningen ökade. Den största utmaningen i att förbättra dagens kvantitativa 

skadebedömningar är den rådande databristen vad gäller förluster och tillhörande 

riskfaktorer. Denna brist beror på otillgänglig skadedata, bristande detaljnivå på 

skadedata och tillhörande risk faktorer, och att uppgifterna sällan samlas 

systematiskt i syfte att studera kausalitet.  
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Introduction 

Natural hazards cause enormous amounts of damage worldwide every year (GAR 

2013). According to the EM-DAT database natural disaster affected an average of 

218 million people per year, claimed a total of 1.35 million lives and damaged 

more than 116 million homes worldwide during the time period 1994-2013 (Cred 

2015). During the same time span EM-DAT recorded economic losses of US$2600 

billion which are believed to be underestimated with as much as 50 percent (Cred 

20015). The Sendai Framework for disaster risk reduction is a 15-year, voluntary, 

non-binding agreement adopted by all UN member states. The framework 

advocates that disaster risk management should be based on an understanding of 

vulnerability, capacity, exposure of persons and assets, hazard characteristics and 

the environment and that such information can be used for risk assessments as well 

as for prevention, mitigation, preparedness and response (UNISDR 2016).  

Damage assessment is a fundamental part of disaster risk management. It supports 

policy analysis and damage estimates are presently used to determine economic 

and optimal protection measures, to prioritize investments and to compare different 

risk management strategies (cf. Wagenaar et al. 2016).  There are substantial 

challenges when quantifying damages which depend on the diversity of hazards 

and the fact that one hazardous event can negatively impact on a society in multiple 

ways (Sonnsjö & Mobjörk 2013). The systems that contribute to disaster risk are 

also diverse and can be biological, physical, social or economic, for example 

(Birkmann 2006).  As a result, risk management is an inherently interdisciplinary 

task (Hoffmann 2011). A large proportion of damage has pure economic impacts 

affecting individuals, public and private organizations, and even nations. But 

damage can also be of a more intangible nature causing severe stress to societies, 

both now and in the future, by seriously affecting human life (Cred 2015). Because 

of the variety of potential impact, damage is usually divided into damage categories 

on the basis of how it is generated. Natural hazard damage can be generated 

directly or indirectly by exposure to hazards and can be further characterized as 

tangible or intangible damage. Direct tangible damage is physical damage to 

objects caused by direct exposure to a hazard. Indirect damage occurs beyond the 
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actual event in space or time and affects a wider area than that directly involved 

(Kreibich & Thieken 2008, Sterlacchini et al. 2007).  Intangible damage is 

casualties, health effects or damages to ecological goods and to all kinds of goods 

and services, which are not traded in regular markets and are therefore more 

difficult to assess in monetary terms (Messner et al. 2007).  

Economic impact due to natural hazards reported in e.g. global assessment reports 

is usually calculated by reinsurance companies. Insured damage is most frequent in 

the industrialized part of the world where insurance solutions are readily available, 

while the loss of human lives is highest in the developing countries (Munich Re 

2010). The impact on human life is seldom analyzed and compiled in the aftermath 

of natural hazards (De Groeve et al. 2014). This obstructs the potential for using 

empirical information in risk assessment of future hazardous events, but these 

should not be neglected just because their impact is problematic to quantify. 

Concerning the assessment of potential damage, available data are often scarce and 

rarely collected in a systematic way and methods used for analyzing their effects 

are often crude (Wagenaar et al. 2016, Merz et al. 2010,  Thieken et al. 2005).  This 

has created a deficiency of generalizable quantitative damage estimation models, 

based on the causal relationships between natural hazards and subsequent damages, 

to support decision makers when choosing which risk strategy to apply in 

managing their natural disasters. Lack of data sources and shortcomings of existing 

methods are reasons why the present application of cost assessment is incomplete 

and biased (Meyer et al. 2013). Quantification of damage is a prerequisite for 

monetary valuation and for performing economic analysis. Despite considerable 

research efforts in recent years, there are still a mismatch between the relevance of 

damage assessment and the quality of available models and datasets (Merz et al. 

2010). There is a need to address data collection more explicitly in order to reduce 

vulnerability and enhance resilience to cope with hazards (Godschalk et al. 2009).  

In the existing research literature there are not many risk assessment studies that 

explicitly explain approaches to the estimation of damaged assets and much greater 

efforts are required for empirical and synthetic data collection and for providing 

consistent and reliable data to scientists and practitioners (Merz et al. 2011). A 



3 
 

great challenge related to these issues is that damage data are not always available 

for research (Wagenaar et al. 2016).   

In case of disasters, there is a need for quick and reliable loss estimates in order to 

provide enough resources for loss compensation and recovery (Thieken et al. 

2006). It is, however, generally accepted that saving lives has the highest priority in 

disaster mitigation (Sterlacchini et al. 2007). Scandinavia has historically mostly 

experienced economic damage due to natural hazards. Increased risk to human life 

is most often associated with high risk groups exposed to extreme temperatures, but 

there is also increased risk associated with rapid land movement such as snow 

avalanches and landslides (SOU 2007). With climate change we will most likely 

experience patterns of increased precipitation, which in turn will cause more 

frequent floods and landslides in the Nordic countries (SGI 2012, Nikulin et al. 

2011, SOU 2007). More frequently occurring floods and landslides are likely to 

increase both the economic and the human impact on communities in the Nordic 

countries (SOU 2007) Quantitative natural hazard damage assessments are scarce 

in the Nordic countries but frequently demanded by decision-makers. Identifying 

risk factors and establishing the cause and effect of these factors would facilitate 

disaster risk management in the Nordic countries. This thesis wants to contribute to 

an increased knowledge of direct damage due to lake flooding in Sweden and 

landslides in Sweden and Norway.  
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Aims 

The overall aim of the thesis is to analyze the relationship between climate-related 

natural hazards and the subsequent damage with the purpose of improving the 

prerequisite for quantitative cost estimation and risk assessment in the future. The 

first step to fulfilling this aim is to review available damage data and hazard data in 

a general sense in order to identify risk factors and evaluate the data with respect to 

its applicability for identifying causal relationships. In this thesis a risk factor is 

any factor that can be perceived to potentially affect the extent of damages done. 

The second step is to establish causal relationships between natural hazards and the 

subsequent damage using methods applicable to the damage data, given the quality 

of the data. There are different types of natural hazards that can give raise to a 

variety of damage types and not all are addressed in this thesis. The thesis focuses 

on two specific types of damage caused by two types of hazards: 1) damage to 

buildings caused by lake floods, and 2) loss of lives caused by quick clay 

landslides. This is done through two separate studies. 

 

Study 1 contributes to the aim of the thesis by analyzing tangible lake flood 

damages to residential buildings using private insurance data. The study identifies 

important risk factors specific to lake floods and estimates their effects on lake 

flood damages. 

 

Study 2 contributes to the aim of the thesis by analyzing intangible damage due to 

landslides by mapping the availability of quantitative damage information in 

historical landslide data and estimating the relative frequency estimating the 

relative frequency of loss of lives when exposed to quick clay landslides, using 

historical records in natural hazard databases. The study evaluates the quality of the 

quantitative information in the available sample set and its applicability in 

identifying risk factors and in damage estimation. 
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Theoretical aspects of quantification, cost estimation and damage 

categorization 

The characteristics of different hazards vary in terms of temporal and spatial 

distribution and their impact on society. Seifert et al. (2010) emphasize that due to 

differences in characteristics, damage assessment need to be done separately for 

each kind of disaster. This thesis uses lake flooding and landslides in areas with 

large deposits of quick-clay to describe possibilities and challenges concerning the 

quantification of hazard damages. Because of their characteristics, they differ in 

terms of their threat to human life. As lake floods are characterized by relatively 

slow rising water levels, the risks to individuals, objects and systems can 

potentially be reduced or even avoided, as opposed to the rapid quick clay slides, 

which are rarely preceded by warning signs. The impacts of lake floods are mainly 

of a direct or indirect tangible economic character because of the damages done to 

assets and disturbances of systems while landslides pose a real threat to human 

lives in addition to their economic effects.  

Cost is a widely accepted parameter since many types of losses can be converted 

into economic costs (Sterlacchini et al. 2007). Monetary analyses of costs and 

benefits can function as a part of the support of decision. It is therefore important to 

identify different types of losses and the factors affecting these losses, and to 

develop methods and tools for measuring the effects (Rose 2009). According to 

Meyer et al. (2013) different estimation methods are needed for different damage 

categories, which imply that the cost estimation of different types of damage need 

to be performed separately and then merged when included in an economic 

analysis or risk assessment. In order to estimate damage-related costs, the damages 

must first be identified and then quantified. When objects can be assumed to be 

completely destroyed, the estimation process is more straightforward than when 

only parts of the assets value are lost. In the latter case the different objects’ 

(assets) vulnerability to different hazards and hazard intensities need to be 

estimated. To do so, risk factors affecting objects’ vulnerability to hazards need to 

be identified. Identifying causal relationships affecting the vulnerability of assets is 

a prerequisite for performing cost estimations. Jongman et al. (2012) found that 

cost estimations are sensitive to uncertainties in both exposure and vulnerability of 



6 
 

objects to hazard, but that uncertainties in vulnerability have larger effects on cost 

estimates than uncertainties in hazard exposure.  This is a strong motivation for 

identifying and reinforcing risk factors for natural hazard damages so that 

inference-supporting risk management strategies can be based on transparent and 

causal relationships.  

Cost estimation of natural hazard consequences can be seen as a step-by-step 

process, as described in Table 1, which also connects well with the risk 

management process. The basis of quantification and cost estimation is the data 

available for quantification.  Preferably, all types of damage should be quantified 

and included in the analysis to serve as a basis for decisions on efficient risk 

management strategies. If only a minor part of the damage is taken into account, 

the broad perspective is lost and subjective assessments of a more qualitative 

character will supersede the more objective quantitative decision basis (Sonnesjö & 

Mobjörk 2013). Working towards extended quantification will enhance objectivity 

in risk assessments (Sonnesjö & Mobjörk 2013).  

Economic analysis can serve as a decision basis for choosing the most efficient risk 

reducing project. The quantification of damages, cost and benefits serves as an 

input in the economic analysis. Empirical data from past events serve as input to 

the quantification and cost estimation of damages. The economic analysis is as 

reliable as the input data it rests on. The data make up the very foundation of 

economic analysis. If the foundation it rest on is poor then the economic decision 

basis is poor. The above stated relationship, as argued from the literature review, is 

illustrated in Figure 1. 
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Figure 1: Data on objects, systems, vulnerabilities, hazard probabilities etc. make up the 

foundation for damage quantification and cost estimation and thus for the economic 

decision support tools. 

 

 

Table 1: Overview, step-by-step cost estimation  

Step-by-step cost estimation: 

Step 1: Identify hazard, stakeholders, temporal and spatial limitations 

Step 2: Identify potential damage due to above identified hazard 

Step 3: Estimate degree of damage based on risk factors affecting vulnerability 

of assets1 

Step 4: Cost estimation of potential damage2 based on suitable valuation 

approach to cost estimation of risk reducing efforts 

 

 

                                                           
1
 Depending on in-data the damage cost estimation can be performed in step 3 

2
 If not already performed in step 3. If damage estimations are to serve as a non-monetary input 

value, for example, to a cost-effect analysis, the damage cost estimation is redundant.  
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Damage categorization 

Damage can be inflicted directly or indirectly on objects exposed to hazards and 

can be further characterized as tangible or intangible damage as exemplified in 

Table 2. Direct tangible damages are physical damage to objects. Indirect damage 

occurs beyond the actual event and affects a wider area in space and time than that 

directly involved in a hazard zone (Kreibich & Thieken 2008, Sterlacchini et al. 

2007).  Indirect effects are also referred to as ripple-, multiplier-, general 

equilibrium-, macroeconomic - or societal effects, and can include off-site business 

interruption, reduction in property values, stock market effects, increased 

unemployment, sociological effects and environmental effects (Rose 2009). It is 

caused by disruption in economic and social activity caused by direct losses or 

business interruption (Pfurtscheller 2014, Vranken et al. 2013, Rose 2009, 

Sterlacchini et al.2007). Indirect effects are not addressed further in this thesis.  

 

Table 2: Overview of damage categorization. 

 Tangible Intangible 

Direct Physical damage to assets: 
 
Buildings 
Contents 
Infrastructure 

 
Loss of life 
Health effects 
Loss of ecological goods 

Indirect  
Loss of industrial production 
Traffic disruption 
Emergency costs 

 
Inconvenience of post-flood 
recovery 
Increased vulnerability of 
survivors 

Floodsite (2016) 

 

Quantifying tangible damage  

Direct tangible loss can be considered to be the most “visible” economic 

consequence. (Steracchini et al. 2007). It is caused by physical contact with 

property or other objects, which leads to destruction of elements or reduce their 

functionality (Vranken et al. 2013). The most frequently used approach to estimate 

direct tangible damage costs is the use of damage functions (Meyer et al. 2013). 
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Damage functions use empirical or synthetically derived data to estimate damage 

cost based on the vulnerability of elements at risk (Messner et al. 2007). Damage 

functions have a long tradition in flood damage assessment where they are also 

referred to as stage damage functions, vulnerability functions or depth damage 

functions (Meyer et al. 2013, Jongman et al. 2012, Elmer et al. 2010, Kreibich & 

Thieken 2008, Messner et al. 2007, Thieken et al. 2006). Damage functions have 

also been developed for alpine hazards and have been applied in assessing drought 

damages (Meyer et al. 2013). Restoration cost and replacement cost based on 

market values for goods and services are the common input to the estimation of 

direct tangible damages (Messner et al. 2007, Meyer et al. 2013). Each model is 

derived from a specific country, region and/or flood type and tailored to flood and 

building characteristics of that region and the data used to develop the models are 

often not representative of other floods, countries or areas (Wagenaar et al. 2016). 

The functions are governed by uncertainty but are commonly applied, even to 

different regions without further validation, mainly due to lack of damage data 

(Cammerer et al 2013, Merz et al. 2010). Uncertainties in estimated damages are 

greatest concerning small water depths and smaller flood events and uncertainties 

can further lead to significant over- and under-investments in flood mitigation 

(Wagenaar et al. 2016). To decrease uncertainty, loss models should be derived 

from related regions with similar flood and building characteristics, and more 

comprehensive loss data for model development and validation are needed 

(Cammerer et al. 2013). Study 1 in this thesis addresses direct tangible flood 

damages to residential buildings. The insurance compensations used to identify risk 

factors and to estimate damage costs represent restoration costs and replacement 

costs. 

 

Quantifying intangible damages 

Intangible damage can be caused both by direct and indirect effects of hazards. 

Indirect intangible damage includes trauma and loss of trust in authorities (Merz et 

al. 2010).  Direct intangible damage includes loss of life, injuries, loss of 

memorabilia, psychological distress, damage to cultural heritage and ecosystem 

(Table 2) (Merz et al. 2010). The impact of natural disasters on human beings 
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depends on multiple factors including type of hazard, location, duration and the 

size and vulnerability of the exposed population (Cred 2015). Intangible effects are 

frequently mentioned in publications assessing the consequences of natural 

hazards. Their importance in mitigation decisions are recognized but seldom 

actually estimated (Conhaz 2012, Messner et al. 2007, Tunstall et al. 2006).  As it 

takes some effort to express these damages in monetary terms, they are often not 

included in cost assessments of natural hazards resulting in incomplete and biased 

assessments (Conhaz 2012).  

Approaches for translating non-market values into monetary units are divided into 

revealed and stated preference methods. Revealed methods observe actual market 

behavior, while stated preference methods elicit individuals’ willingness to pay in 

hypothetical markets (Meyer et al. 2013, Whitehead & Rose 2009, Messner et al. 

2007). Revealed and stated preference methods are costly to perform (Whitehead & 

Rose 2009). An alternative approach is to use benefit transfer methods, also 

referred to as value transfer, which implicate temporal or spatial transference of 

estimates from other studies. In welfare economics, the use of monetary estimates 

on reducing the risk of loss of lives has long been recognized. The purpose is not to 

put a price tag on one specific individual’s loss of life, but to estimate a small 

change in the risk of loss of life within the population as a whole. The monetary 

value of a statistical life (VSL) can be described as the value a whole population 

together is willing to pay to eliminate the risk of one random individual suffering 

premature death (Hammitt 2000). Statistical estimates of VSL often serve as a basis 

for public decision- making concerning risk-reducing measures related to traffic 

safety (Boardman et al. 2014, Mattsson 2006). If measured in monetary terms, 

direct effects on human life can make up a large part of the benefit estimation in a 

cost benefit analysis (CBA) of mitigation measures since benefit estimation in a 

CBA is equivalent to damages avoided (Ganderton 2005). Intangible effects do not 

necessarily have to be expressed in monetary units to be included in decision 

support frameworks. Multi-criteria analysis allows for non-monetary decision 

criteria and in Cost effectiveness analysis they can be included as nonmonetary 

measures (Meyer et al. 2013). In order to be included they do however need to be 

quantified.   Study 2 in this thesis explores available data in order to quantify lives 
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lost due to landslides with the aim to facilitate the inclusion of these intangible 

consequences in future landslide risk assessments and the economic analysis of risk 

reducing measures.  

 

Methods 

Data collection 

Study 1 

Study 1 was performed using the flooding of Lake Glafsfjorden and Lake Vänern 

in 2000/2001 as case studies. Lake Glafsfjorden (94 km
2
) is situated in the River 

Byälven catchment area upstream to the large Lake Vänern. A prolonged period of 

excessive precipitation in 2000/2001, about three times the normal period, 

substantially increased water input to the lake, exceeding its outflow capacity and 

causing slowly rising lake levels and extensive flooding. With its 5,650 km
2
, Lake 

Vänern is the largest lake in Sweden and the largest lake within the European 

Union (Nyberg et al. 2014). Due to water regulation there is a maximum discharge 

from the lake affecting flood scenarios (Nyberg et al. 2014). Because of the slow 

dynamics of Lake Vänern, the duration of a flood is likely to be long. During the 

flood in 2000/2001, water levels remained high for several months. The lake 

reached its peak on the 11 January 2001, 1.3 m above its normal level, which is the 

highest level since the lake was regulated in 1937 (Blumenthal 2010). 

Damage data and individual building and personal characteristics were extracted 

from insurance databases, and from paper archives at one insurance company, 

through a semi-structured telephone interview study and subsequent content 

analysis with afflicted policy holders and in-depth interviews with several house 

owners. Elevation data for affected shore areas were extracted from the Swedish 

National Elevation Database. Lake water levels were provided by Arvika 

municipality regarding Lake Glafsfjorden and by the Swedish Meteorological and 

Hydrological Institute (SMHI) for Lake Vänern. The data from SMHI also 

contained data on wind conditions.  Arvika municipality also provided some 
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building specific information regarding a few afflicted buildings. Information on 

lake levels, wind condition, elevation and the geographical location of damage was 

compiled in a Geographical information system (GIS). Damage data were provided 

by Länsförsäkringar AB, which is Sweden’s largest home insurance group. The 

insurance companies’ damage records are not publicly available information.  In 

Sweden, flood damage to residential property is covered by the basic home 

insurance. No active choice has to be made to include flood insurance in a person’s 

home insurance and, at present, the price of the policy is not connected to the actual 

flood risk in a specific area and no insurance holder is refused inclusion of flood 

insurance in their home insurance. The insurance covers damage inflicted upon 

building structures, inventory and other movables, damage inspection, cost of 

cleaning and drying out buildings, costs of private damage-reducing measures and 

under special circumstances non-structural damage to property, e.g., damage to 

lawns and gardens caused by damage-reducing measures. The insurance database 

only contains information about the individual insurance amounts paid to insurance 

holders, the date the damage occurred, if the damage concerned residential or 

holiday property and if the claim concerned private measures, damage to buildings, 

inventories or a combination of these. Concerning spatial resolution, the insurance 

company provided information concerning the municipality within which damage 

occurred but did not have information on the exact location of the flood damaged 

property. An accurate geographic location and the presence of private measures 

potentially affecting exposure (water level) or vulnerability (damage) is essential to 

know. Due to incomplete information on exact location, damage-reducing 

measures, and building-specific characteristic, the insurance company’s paper 

archives were manually searched for information and then telephone interviews 

were carried out directly with the afflicted policyholders. Because of the time 

elapsed since the event (12 years), some informants had only vague recollections of 

specific characteristics of the flood and the flood damage. Some insurance holders 

could not be reached because of the lack of current contact information and some 

had passed away. The step to link the reported insurance payments to the GIS layer 

for buildings was not as straightforward as anticipated and some cases could not be 

localized with certainty. Out of the 427 observations on individual insurance claims 

initially provided by the insurance company, a dataset of 195 observations 
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contained enough information to undertake further analysis of property exposure 

and vulnerability to lake floods. 

   

Study 2 

The data set used in this study was sampled by the Swedish geotechnical institute 

(SGI) for the government initiated investigation of landslide risks in the Göta River 

valley. It contains 66 landslides collected from two data sources. Among them, 55 

quick clay landslides that occurred between 1848 and 2009 were extracted from the 

Norwegian landslide database, Skrednett, the quality of which is strongly 

influenced by the personal engagement of local observers and observational 

routines, which historically varied (Jaedicke et al. 2009). Despite these 

uncertainties, it is seen as a unique source of statistical analysis, including risk 

analysis (Jaedicke et al. 2009). The remaining 11 landslides were extracted from 

the Swedish natural hazards information system (MSB 2016) and occurred in 

Sweden during a shorter time period, 1950 to 2006. While the frequency of 

landslides in Norway is approximately the same as in Austria and Italy, in Sweden 

it is lower and the same as in Switzerland (Andersson-Sköld et al. 2013). The 

dataset has been searched for quantitative information, that is, potential landslide 

damage risk factors identified in research literature. 

 

Analysis 

Study 1  

Regression analyses were used to analyse different attributes of the occurred flood 

damages and to test the statistical significance of suspected explanatory variables 

with regard to the marginal changes in insurance payments and occurrence of 

structural building damage. A Probit model was used to analyse the dependency of 

building damage upon flood characteristics, geographical factors and structural 

building characteristics. The dependent variable building damage was a binary 

variable, taking on the value 1 if the insurance payments include a refund for 

structural building damage and 0 if there is no presence of building damage. 
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The relationship between insurance payments and the variables possibly affecting 

the size of insurance payment on buildings was estimated using a linear multiple 

regression model.  The dependent variable, insurance payment, was non-linear and 

has therefore been transformed to linearity by using the natural logarithm (ln). Two 

models were tested. Model (1) included the estimated water level at the location of 

occurred damage, distance to surface water, duration time for the flood at the 

location of damage, whether the building had more than one floor, structural 

damage to the building and whether the property owner took any damage-reducing 

measures. Model (2) included the same predictive variables as model (1) but also 

included a dummy variable for pre-war buildings. Information on the age of 

buildings was not complete for the full sample. Due to the small number of 

observations in the sample, the regression function was estimated both with 

(model1) and without (model 2) the pre-war variable. The models were first run on 

the full sample (A), including detached houses, holiday houses, garages and other 

outbuildings. The model was then run on two sub-samples, (B) including only 

detached houses or (C) including only holiday houses.  

 

Study 2 

Regression analyses and Monte Carlo simulations were used to analyse different 

attributes of the data sample set. Of the 66 landslides in the sample, 26 definitely 

did not threatened human lives; these were excluded from further consideration in 

the statistical analysis. Where human exposure was given as an interval, the SGI 

gave a best guess and used this as a point estimator together with other certain 

observations to derive an average loss of life rate (see Observed and Average in 

Figures. 2 and 3). In one case, the probable exposure was zero, but with 

uncertainty. Using the most probable number exposed, the total was 1 035 exposed 

persons. Deaths numbered 167; therefore, 0.161 of exposed people died in 

landslides. To determine the relationship between exposed people and fatalities in 

more detail, this value was compared to the results of two regression models, one 

linear using ordinary least squares (OLS) and one non-linear using count data 

regression analysis. These models were estimated using one dependent variable 

(the number of fatalities) and three independent variables (country [Norway or 
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Sweden], year, and number of people exposed based on SGI’s observed values). 

Because the Verdal landslide is a statistical outlier, the models were estimated both 

with and without it. The estimated function for the linear model is given by: 

 

 Fatalities=β0+β1*Number Exposed+β2*Norway +β3*Year. 

 

The tested count data models were the Poisson model and the negative binomial 

model. The Poission model assumes that the expected value and variance are equal. 

A negative binomial model takes into account overdispersion in count data–that 

variance is greater than the expected value. The count data model that best fit the 

data was the negative binomial regression model. 

There are two drawbacks of applying the OLS model and the negative binomial 

model to the data set. The first is that the sample consists of 40 observations, which 

makes statistical inference difficult. The second is that there are uncertainties about 

number of people exposed. Monte Carlo simulations of the data were performed to 

account for these uncertainties. To do so, assumptions were made about the 

statistical distributions of the uncertainties. Depending on the recorded value one of 

the following four distributions were applied. If a single number represented those 

exposed, an exact value was assumed. Second, if a particular value was said to be 

more probable, but an interval surrounding this value was also given, a triangular 

distribution was applied covering the interval given but using the most probable 

value as the mode. Third, if the most probable value was one of the endpoints of 

the interval, a right triangle distribution (skewed distribution) was applied. Fourth, 

if only an interval was recorded, but no probable value, it was represented by a 

rectangular distribution. The Monte Carlo simulation was performed by simulating 

1 000 trials from each landslide, given the assumed distributions. The simulated 

data set thus included 40,000 simulated observations, making it possible to estimate 

more complex count data models. To these data, a zero-inflated negative binomial 

model was formed.  
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Results 

Study 1 

The different factors that could be quantified and included in regression analysis 

are presented in Table 3. Forty-three percent of the observations in the sample 

occurred in a fringe area never reached by surface water. Damage costs in fringe 

areas were lower than in exposed flooded locations, but contributed to raising the 

overall costs of the events, not so much in the case of Lake Glafsfjorden, which has 

comparatively steep shores, but with about one fourth of the total costs of the Lake 

Vänern flood. Sixty percent of the insurance claims in the study concerned 

structural damage to buildings. Private damage-reducing measures were carried out 

for 43 percent of all property in the case study area. Table 4 displays the result of 

the Probit regression. Increases in water levels increased the probability of 

suffering structural damage by 0.4 percent while private damage-reducing actions 

decreased the probability by 38.5 percent.  

The results of the multiple linear regressions are summarized in Table 5.  These 

regressions estimate the effect that risk factors have upon the size of insurance 

payments. Estimated water depths at the location of damaged objects range 

between 0 centimetres and 140 centimetres. The mean value of water depth was 27 

centimetres. The low mean value can partly be explained by 43 percent of the 

objects never being reached by surface water.  Lake water levels are statistically 

significant only in 1A (full sample) and 1C (only holiday houses). A one-unit 

increase in lake water level (cm) will lead to an increase in insurance payments of 

0.6 percent and 1.1 percent for the full sample and for holiday houses, respectively, 

keeping all other variables constant. The distance between objects and the water 

front ranges from 0 meters to 200 metres and the mean distance was 11 metres. 

Distance has a significant effect in all groups except for 1C and 2C (holiday 

houses). The size of insurances claims decreases with 1.9-2.6 percent when 

distance to lake water increases with one unit (m). The effect is highest for 

detached houses.  

The duration of the floods ranged from 0 weeks up to 27 weeks, with a mean 

duration at 3 weeks. Duration is statistically significant only in subgroup 1B 
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(detached houses). When the duration of the flood increases by one unit (week) the 

size of the mean insurance payment increases by 16.9 percent. 

36 percent of the damaged objects were built in 1945 or earlier and are henceforth 

referred to as pre-war buildings. The pre-war variable is significant in the full 

sample and for detached houses but not for holiday houses.  Buildings built prior to 

the end of World War II yield 52 percent lower mean insurance payments 

compared to that of post-war buildings. 

Out of 63 detached houses, 31 had basements, 15 had no basement and for 17 

houses information was lacking. Overall, only 16 percent of the buildings in the 

sample consisted of more than one floor. Having more than one floor is statistically 

significant for all groups except for those containing only holiday houses. The 

holiday houses in the samples generally consist of only one floor. Having more 

than one floor is related to increasing insurance payments between 76-145 percent, 

keeping all other variables constant, with the largest effects in the sub-samples 

containing only detached houses (1B, 2B) 
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Table 3. Description of the factors used in the regression analysis of lake flood 

damage impact.  (SEK 2001 year price level) 

Variable Description Obs Mean Std. 
Dev. 

Min Max 
 

Insurance 
payments (SEK) 
Total 

The amount  paid to insurance 
holders 

195 53,100 97,188 125 580,668 

Insurance 
payment 
Detached houses 

The amount  paid to insurance 
holders 

57 28,203 34,869 143 140,360 

Insurance 
payments 
Holiday houses 

The amount  paid to insurance 
holders 

69 89,409 146,373 1000 580,668 

Water level (cm) 
(water depth) 

Estimated max water above 
ground at damaged object 

195 27 39 0 140 

Distance to 
water front (m) 
 

Estimated distance between 
damaged object and lake at 
max levels 

195 11.2 26.1 0 200 

Pre-war building 
 

0= after 1945 
1= 1945 or earlier 

132 .36 .48 0 1 

Floors 
 

0= one floor 
1= more than one floor 

195 .16 .37 0 1 

Damage-
reducing 
measures 

0= no private measures 
1= private measures 

195 .43 .50 0 1 

Duration (w) 
 

Estimated duration in weeks 195 3.04 6.02 0 27 

Building damage 
 

0= no building damage 
1= building damage 

195 .6 .49 0 1 

 

 

Table 4. Regression analysis using a Probit model. Dependent variable: Structural 

damage to buildings. Standard errors in brackets 

Water 

level 

Distance 

to water 

front 

Estimated 

duration 

Number 

of floors 

Damage-

reducing 

measures 

Intercept N 

.013***  

(.004)      

-.002    

(.004)      

-.003   

(.017)     

-.212   

(.279)     

-1.043 ***    

(.202)     

.503** 

(.179)      

195 

*** P<0.001, ** P<0.01, * P<0.05 
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Table 5. Linear multiple regression analysis. Dependent variable: Insurance 

payments, robust standard errors in brackets 

Explanatory 

variable 

Full  

Sample 

(1A)  

Detached 

houses 

(1B) 

Holiday 

houses 

(1C) 

Full  

sample 

(2A) 

Detached 

houses 

(2B) 

Holiday 

houses 

(2C) 

Intercept 8.024*** 

(.246) 

8.004*** 

(.384) 

7.665*** 

(.290) 

8.447*** 

(.23) 

8.737*** 

(.636) 

7.917*** 

(.373) 

Water level  .006* 

(.003) 

-.013 

(.012) 

.011** 

(.005) 

.005 

(.003) 

-.004 

(.013) 

.009 

(.006 

Distance -.019*** 

(.004) 

-.024*** 

(.005) 

-.006 

(.005) 

-.024*** 

(.005) 

-.026*** 

(.005) 

.422 

(.012) 

Duration 

 

.03 

(.018) 

.156* 

(.070) 

-.000 

(.028) 

.014 

(.026) 

.114 

(.072) 

-.016 

(.04) 

Damage to 

buildings 

1.983*** 

(.228) 

2.216*** 

(.367) 

2.505*** 

(.344) 

1.795*** 

(.277) 

1.786** 

(.489) 

2.541*** 

(.444) 

Pre-war    -.736** 

(.259) 

-.728* 

(.348) 

-.565 

(.612) 

Floors .567* 

(.251) 

.705* 

(.34) 

.452 

(.635) 

.785** 

(.288) 

.897* 

(.423) 

.118 

(.468) 

Damage 

reduction 

.773*** 

(.213) 

.91* 

(.36) 

1.34*** 

(.295) 

.875*** 

(.253) 

.576 

(.536) 

1.396*** 

(.313) 

N 195 57 69 132 39 47 

Adjusted R
2
 .3890 .5518 .5297 .4402 .5474 .4795 

*** P<0.001, ** P<0.01, * P<0.05 

 

 

Study 2 

In the 66 landslides in the sample data set, 175 people lost their lives, yielding an 

average landslide fatality rate of 2.65. Fatalities per landslide range from 0 to 116. 

The total number of people exposed summing up all the landslides in the sample, 

ranged between 734 and 1594. Exposed persons ranged from 0 to 375 per landslide 

meaning that Humans were exposed in 52% to 62% of the landslides. People died 

in 27% of them (many events resulted in zero people exposed and zero fatalities). 
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In 7 landslides, one died; in 2, three died; in 4, four died; and fatalities numbered 6, 

7, 8, and 9 in one landslide each. One landslide stands out: the Verdal landslide in 

Norway. It occurred at night in Verdal, Northern Tröndelag in May 1893, killing 

116 of the 250 exposed persons. Most of the Norwegian fatalities occurred in 

homes and at work sites (Jaedicke et al. 2009). 

The results from the regressions using original SGI data (not simulated) are 

displayed in Table 6, where four models are estimated: OLS and data count models 

with and without the Verdal landslide. Results show a statistically significant 

positive relationship between the number of people exposed and fatalities, which is 

less strong without the outlier. The dummy variable for country is not statistically 

significant in three of the four models, indicating that merging Norwegian and 

Swedish data do not disturb the relationship, and the models can be used both for 

Norway and Sweden. The year estimate is negative but not statistically significant 

and thereby no negative time trend could be strengthened. 

Table 6: Regression analysis using original SGI data. Parameter estimates basic 

model. Standard errors in parenthesis. 

 Model 1a 
(incl. 

Verdal) 

Model 1b 
(excl. 

Verdal) 

Model 2a 
(incl. 

Verdal) 

Model 2b 
(excl. 

Verdal) 
  

OLS 
 

OLS 
 

Negative 
binomial 

 
Negative 
binomial 

     
Intercept  52.511 21.330 18.205 16.878 
0 (85.29) (14.58) (12.24) (13.14) 
     
Number of 
people exposed 0.283*** 0.031*** 0.019*** 0.035* 
1 (0.04) (0.01) (0.01) (0.02) 
     
Norway  22.709*** 1.281 1.855 4.265 
2 (6.07) (1.21) (1.13) (3.42) 
     
Year -0.038 -0.011 -0.010* -0.011* 
3 (0.04) (0.01) (0.01) (0.01) 
     
Alpha   1.416*** 1.581*** 
   (0.70) (0.77) 
     
R-square 0.64 0.29   
Log-likelihood -148.8 -77.7 -59.3 -52.8 
Number of 
observations 

39 38 39 38 

* p < 0.10, ** p < 0.05, *** p < 0.01 
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The results of the Monte Carlo simulations are displayed in Figures 2 and 3. 

Models 3a, 4a and 5a are ordinary least square (OLS), negative binomial and zero-

inflated negative binomial models (ZINB) including the Verdal landslide, and 

models 3b, 4b and 5b excluding the Verdal landslide. Since there are 40,000 

observations all parameter estimates are highly statistically significant. However, 

since neither a country effect nor a trend effect was found, these effects are not 

taken into account. The Verdal landslide affects the results very much. Considering 

the OLS model the risk of fatality increases linearly by 0.18 for each extra person 

that was exposed taking the Verdal landslide into account, but only by 0.02 not 

taking the Verdal landslide into account. The count data models are non-linear and 

the predicted values are therefore best shown in graphs (see Figures 2 and 3).  

Figure 2 shows observed data, the average statistic (i.e. 0.161) and the predicted 

values using all observations (including the Verdal landslide) for the OLS, the 

Negbin and the ZINB. The graph shows that using the OLS model is very similar 

to using the average number. The count data models predicted a non-linear relation 

between number of people exposed and fatalities. They are quite close to each 

other, but the zero-inflated negative binomial model predicted somewhat lower 

fatalities when over 200 people were exposed to landslides. With very few numbers 

of people exposed or with around 250 people exposed the linear and non-linear 

models predicted the same number of fatalities. However, between these values, 

the linear models overestimated the number of fatalities. Note that the observed 

values are the most probable numbers of people exposed as decided by the SGI, 

and that all observations used in the simulations of the models are not shown in 

Fig. 2  
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Figure 2. Observed and predicted values. The observed values are the most probable 

number of people exposed according to the Swedish Geological Institute (SGI). The 

average is the average loss of life rate based on SGI’s observed values of exposed 

persons. The predicted values (Models 3a, 4a, and 5a) are calculated from the estimated 

models using the Monte Carlo simulated data, which considers the uncertainty in number 

of exposed persons. 

 

Figure 3 shows observed data, the average statistic (i.e. 0.074) and the predicted 

values excluding the Verdal landslide for the OLS, Negbin and ZINB. The graph 

shows that the regression models are very similar, but using the average number 

overestimates number of fatalities. Negbin and ZINB predicts a relation which is 

close to linear up to 250 persons exposed. Not including the Verdal landslide 

results in much lower predicted fatalities. 
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Figure 3. Observed and predicted values excluding the Verdal slide. The observed values 

are the most probable number of people exposed according to the Swedish geological 

Institute (SGI). The average is the average loss of life rate based on SGI’s observed 

values of exposed persons. The predicted values (Model 3b, Model 4b, Model 5b) are 

calculated from the estimated models using the Monte Carlo simulated data, which 

considers the uncertainty in number of exposed persons. 
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Discussion  

  

Study 1 

Many buildings with topographic locations suggesting deep inundation depths had 

surprisingly small insurance payments, which implies that there are other factors 

with larger impact on flood damages than lake water levels. This is also supported 

by the great extent of a fringe area, which was obvious during the lake floods, 

particularly for Lake Vänern, with damage to buildings located up to at least 2 

metres above the peak flood water level. Damage functions used to estimate costs 

of damage to buildings caused by flooding are mostly depth damage functions 

(Messner et al. 2007, Elmer et al. 2010, Merz et al. 2004). These functions presume 

a dependency of the magnitude of damage costs upon water levels inside a 

building. Data presented in the previous section reveal only a weak economic 

relationship between damage costs and lake water levels, thus indicating that lake 

water levels are inferior to water levels inside buildings or that exact water levels 

are of less importance when estimating lake flood damages. Damage may also 

increase due to longer duration of inundation. Floods in large lakes are 

characterized by long duration, soaking the ground, making buildings vulnerable to 

water penetration through ground and pipes and more sensitive to rainfall during 

flooding because the ground is already saturated. In established UK flood research, 

long duration is considered to be more than 12 hours (Kelman and Spence 2004). 

In the work of Green et al. (2006), long duration is more than one week (Green et 

al. 2006). In contrast, large lake floods can last for months, influencing building 

structures and materials which are resistant to a more short-lived inundation. The 

gradual rise of lake water levels do, however, allow for damage-reducing measures 

to be taken. In large lakes, wind can cause a wave effect which can lead to 

temporary flooding of objects that are not reached by documented lake water 

levels. The importance of wind and wave action was mentioned in some of the 

insurance reports. Wind effects may potentially raise the water surface of Lake 

Vänern by slightly less than 1 metre (Bergström et al. 2010). No statistical analysis 

of wind occurrence or the effect of wind direction was made, partly because the 

sub-samples would become very small. The GIS analysis did, however, imply that 
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wind effects can affect the timing and magnitude of damage. Whereas wind effects 

can normally be omitted from river flood models, they should not be ignored for 

damage modelling of large lake floods.  

 

Building characteristics were problematic to analyse. The categories ‘buildings 

with basement’ and ‘buildings with furnished basement’ were of interest to analyse 

but left out due to incomplete information. Buildings with basements can be more 

susceptible to water penetration through ground and pipes and furnished basements 

may hold high insurable values. Furnished basements are known to have higher 

damage than unfurnished basements, which are known to have higher damage than 

buildings with no basement (Hydra 2000). It was not possible to explicitly analyse 

damage costs for these categories. 

 

Pre-war buildings are less susceptible to flooding than buildings constructed later 

and this may be explained by differences in construction styles and methods 

concerning location, building material, floor levels and presence of basements for 

pre-war versus post-war buildings. The significance of the era of construction is 

supported by a Norwegian study, Hydra (2000), which finds that mean damage cost 

for post-war houses are higher (Hydra 2000). Concerning building characteristics, 

more information on building type, i.e., whether a building has a timber frame or 

whether it is a concrete building, would have been useful, but this information was 

not available. Detailed information on the circumstances of each damaged building 

would do much to enhance research possibilities on factors involved in flood 

damage (Koivumäki et al. 2010, Thieken et al. 2005). Restrictions in data 

availability have been a great difficulty in these studies and have limited the 

possibilities of otherwise promising, valuable and rare insights into a private 

insurance company’s records. 

 

Interviews and insurance records document that several property owners performed 

damage reducing measures. Examples of measures were the property owners’ 
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private initiative to build barriers, hire or buy water pumps, hire transport and 

storage for movable inventory, artificial elevation of buildings or a combination of 

two or more of these measures.  Some insurance reports explicitly state that private 

initiatives such as construction of barriers and other measures managed to avert the 

flooding of afflicted buildings.  

 

Private measures are refundable by the insurance companies and despite reducing 

the risk of substantial damage, they do add to the insurance payment. 

Compensation for measures is lower than payments concerning structural damage 

where no measures were taken. This should incite insurance companies to instruct 

their insurance adjusters on the importance of giving advice on private damage-

reducing measures in line with local conditions. The benefits of avoiding structural 

damage are higher than what can be detected by the insurance payments. Structural 

damage implies a burden to the property owner, not only in terms of restoration 

costs but also of in terms of the pressure put upon the property owner during a 

crisis situation and its aftermath as the result of the effort, time and economic 

worries related to restoration, which infringe upon leisure time and everyday life.  

 

 

Study 2 

Areas of large quick clay deposits are a feature of the Nordic geology. Quick clay 

landslides are very rapid events that leave very little time for emergency warnings 

and evacuation. The special characteristic of quick clay landslides implicate that 

their consequences need to be estimated separate from landslides with other 

characteristics, for example, slower oncoming landslides where the land 

movements can be monitored and where warnings and evacuations can be 

exercised. Extensive research on lost human lives in landslides has been performed 

using Italian landslide data. There are, however, some distinct differences between 

the Italian datasets and the dataset used in this study. The number of observations 

in the Italian datasets by far outnumbered the one used here. They also cover a 
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much longer time period and contain different types of landslides as opposed to 

quick clay landslides only. Furthermore, some of the Italian datasets compile 

missing and injured people into one group of fatalities causing uncertainty as to the 

exact number of lives lost per landslide. We included the exact number of lives 

lost. One similarity between the datasets is that the actual number of landslides 

where people lost their lives is relatively few, but even in this measure, 

dissimilarities are distinct. We found that 27% of the 66 landslides from our dataset 

resulted in deadly outcomes, whereas 6% was found in the Italian data by 

Giannecchini and Avanzi (2012). The difference might be attributed to differences 

in warning and evacuation potentials between the types of landslides included. 

Furthermore, Guzzetti (2006) derived LMR as the rate per 100,000 inhabitants, 

whereas, we used the actual exposed population, because of the localized features 

of Nordic quick clay landslides, and this varied between 0 and 375 persons. 

Extrapolation beyond this is not recommended. The estimated function between 

exposure and lives lost implies that the loss of life function increases as the size of 

the exposed population increased. Previously, a mean value of vulnerability has 

been used in Sweden (SGI 2011). Our study implies that this approach 

overestimates the number of deceased due to landslides when the number of 

exposed individuals is low, but underestimates death risk when number of exposed 

individuals is high. It is also important to take into account the amount of time that 

the different groups in the population are exposed to risk. In the historical data, the 

individuals were exposed at their place of residence, indoor or outdoor, while 

working, or as a visitor in the area, but as this information were only known to a 

few observations in our sample, this could not be statistically analyzed. Individuals 

can also be exposed while engaging in recreational activities or when travelling 

through a risk area. It is also important to emphasize the effect that the Verdal 

landslide has on the increasing function and worth discussing if this observation is 

an outlier or just a low frequent observation that would recur repeatedly if the 

sample was to be expanded. With growing populations, we are developing land 

areas not previously exploited and some geographical areas are more prone to 

landslides. Scandinavia has been relatively spared exposure to natural hazards with 

large numbers of casualties in modern times. Historically, however, there have 

been events that were devastating to communities and other events that could have 
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been disastrous if they had occurred closer to human settlements, at another time of 

day or at the present time with present settlement. Looking beyond the sampling 

made by SGI, there have been incidents just as disastrous as the Verdal slide both 

in Norway and Sweden. Here are some examples: in 1918 in Norrköping, Sweden: 

Clay slide caused a railroad accident killing 41 people; in 1726 in Verdal, Norway: 

quick-clay slide killing 8 people; in 1648 in the Göta river valley: killing between 

85-127 people. These landslides are fortunately low frequent events in the Nordic 

countries but they do occur and should therefore be represented when deriving loss 

of life-estimates in order to represent the potential of experiencing more disastrous 

outcomes of future landslides. Otherwise, the estimation will be an estimate only 

reflecting landslides with small and moderate impacts on human losses. Major 

events are not unique and similar events will occur again in the future (Hilker et al. 

2009). As to why the relative frequency of loss of lives is an increasing function of 

the number of exposed individuals in a population is not elaborated on in this study 

and we can only speculate about the mechanism behind this results. It is, however, 

an interesting aspect of risk research and deserves further investigation. 

 

This study has a focus on risk factors for exposed elements at risk, in this case 

human life. The amount of information possible to extract from the historical 

information varies between the observations in the sample. Concerning extracting 

quantitative information on risk factors potentially affecting loss of lives, e.g. time 

of day, warning signs, building characteristics, cause of death, physical ability and 

age of the exposed population, the informational value of the dataset was very 

limited. Risk factors that could be extracted and statistically estimated were: 

country, year, number of lives lost and the number of exposed individuals. Records 

of historical events are one of the few sources at hand concerning loss of lives 

when exposed to landslides and, despite uncertainties, it can contribute valuable 

information when assessing and communicating landslide risk. 
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General discussion and conclusion of thesis 

Both studies in this thesis center on using available information to quantify natural 

hazard damages to enhance future risk assessment and economic analysis of risk 

reducing measures. The two studies differ, however, as to the type of losses and the 

type of damage data applied in the analysis. Damage to residential buildings is 

defined as direct tangible damage and consists to a large extent of assets with 

market value that can be restored or replaced, whereas the intangible consequences 

caused by loss of human lives in landslides have no market value but are invaluable 

to every individual and recognized by most as having the highest priority in 

disaster mitigation (Sterlacchini et al. 2007). The damage data used to quantify and 

analyze damages in the two studies also differ. Insurance compensations were used 

to analyze flood damages while quantitative information on lives lost in landslides 

were extracted from historical records. The potential for improving the quantitative 

intangible damage information concerning old landslides is very limited. From the 

historical information in the dataset described above, we conclude that the potential 

risk factors such as country, year and number of exposed people, have been 

adequately documented to serve as input data to the statistical analysis estimating 

loss of life functions. The information already gathered for old landslides in 

historical records has been highly dependent on the commitment and involvement 

of a few historians (Jaedicke et al. 2009). For future documentation there are 

improvements to be made in the aftermath of disasters. The primary interest in 

disasters is of course emergency response focusing on minimizing damage to 

society but when the crisis is over the involved organizations should be debriefed 

concerning both hazard characteristics and damage characteristics and this 

information should be added to the other previous events in order to keep 

developing the information base for the benefit of future natural hazard 

management.  

 

Direct tangible damages have been viewed as the most “visible” types of hazard 

damages. It is then important to emphasize that visible does not necessarily mean 

well documented. Study 1 gained access to the information on the compensations 

made by Sweden’s largest home insurance group. The insurance companies 
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damage databases are the most structured flood damage information source in 

Sweden, but it is not publicly available for risk assessments. The insurance 

amounts did not reveal much about the circumstances surrounding the damages and 

therefore the cost information needed to be supplemented by information on flood 

and weather characteristics, topography, building characteristics and characteristics 

of the property owner. Flood and weather characteristics and land elevation 

information could be extracted from two different government agencies and 

information was offered by one municipality, while building and home-owner 

characteristics relied on the documentation efforts of individual insurance handlers, 

which varied from being very limited to highly detailed. Only main insurance 

details were digitally available in the insurance database; other information had to 

be manually extracted from paper archives. Information was also gathered by 

interviewing residents and house owners relying on their memory of past events. 

Extracting the information from the different sources was extremely time-

consuming. The information gathered where not homogeneously structured and 

needed to be handled manually before entering the data into GIS or statistical 

software packages for further analysis. At the start of study 1, there were 427 

insurance compensation observations available for analysis. During the process of 

supplementing these observations with information on risk factors, potentially 

affecting the damage outcome, the number was reduced to 195 observations. These 

observations were divided into three damage categories (holiday houses, residential 

houses, inventories) which had to be statistically analyzed as different subgroups, 

downsizing the sample size further and thereby limiting the options for detailed and 

sophisticated regression analysis. General damage functions for lake flood damage 

could not be derived based on the flood damages and the risk factors analyzed in 

study 1. The time consuming and cumbersome process of compiling, identifying, 

matching, and estimating damages is a barrier to reliable flood damage assessment 

in Sweden.  Meyer et al. (2010) claims that the methods used for damage 

estimations are crude. This thesis supports their reasoning but insists that as long as 

data are crude, sophisticated estimation methods are unfeasible and redundant. 

Reliability of estimates is not improved by applying complex methods if the input 

data do not match the assumptions of the models. The amount of available data 
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decides the detail level of the model to be estimated and also how adjustable the 

models are to applied risk management. 

 

On the question of whether the presently available data are adequate for 

quantifying Nordic natural hazard damages, the answer is ambivalent. The types of 

damage addressed in this thesis, flood damage to residential buildings and loss of 

lives due to landslides can, to some extent, be quantified but not fully explained. 

This means that the extent of damage is documented but problematic to analyze 

scientifically and the reasons why certain objects and individuals suffer extensive 

damage while others only experience minor impacts is still uncertain. Previous 

scientific literature gives witness to risk factors suspected to affect the vulnerability 

of exposed humans and objects (e.g. Agrawal et al. 2013, Meyer et al. 2013, 

Jongman et al. 2012, Merz et al. 2010, Messner et al.2007). Potential effects of 

many of these factors were not possible to test statistically because of inadequate 

information or incompatible types of information.  However, several causal 

relationships where established between extent of damage and risk factor: 

 

 The number of humans in the exposed population had an increasing effect 

on the number of lives lost due to landslides 

 Increasing  water levels increased the probability of lake flood damage 

 Private damage-reducing actions decreased the probability of structural 

building damage  

 Damage decreased as distance to the lake waterfront increased 

 Floods of longer duration increased flood damage 

 Prewar houses suffered lower flood damage 

 

Damage quantifications and the risk factors estimates are no better than the data 

they are based on, and hence the detail level determines the quality of the 

estimates. Transparency in the estimation process is important so that potential 

users are fully aware of the limitations of the quantification and can take this into 
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consideration when applying the estimates in risk assessments. The risk factors 

identified in the two studies can serve as guidance to practitioners in risk 

assessments of future natural disasters, but suffer theoretical limitations that need 

to be taken into account. The results of this thesis can usefully serve as stepping-

stones to further research into the quantification and estimation of natural disasters 

in a Nordic perspective.  

 

Future research should focus on how to quantitatively express risk factors and how 

damage data and information on risk factors can be combined to produce reliable 

and applicable estimates that can be used in risk analysis. The process of 

quantifying and estimating natural hazard damage requires specific information but 

obtaining this information does not need to be a separate process. It can be 

incorporated into regular risk assessment procedures with positive spill-over effect 

into other risk management areas, e.g. preparedness. 

 

More attention has to be given to creating structured, homogeneous and detailed 

quantitative damage databases with corresponding information about risk factors 

and vulnerabilities. Since natural hazard management is an inherently 

interdisciplinary task the structuring of data will also concern numerous 

organizations and expertise areas creating a need for collaboration and interaction 

between organizations.  

 

The Sendai Framework for Disaster Risk Reduction (FDRR) is a 15-year, 

voluntary, non-binding agreement which was adopted in 2015 by all UN member 

states, including Sweden. It recognizes that the State has the primary role to reduce 

disaster risk but that responsibility should be shared with other stakeholders 

including local government, the private sector and other stakeholders. There is 

presently no legally binding incitement in Sweden for cooperation between 

different stakeholders to create homogenous datasets with the purpose of deriving 

reliable quantitative hazard damage estimates. The interaction is voluntary and the 
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invested commitment and effort depends on the individual stakeholder’s 

appreciation of such and interaction. According to the Sendai FDRR, information 

supporting global disaster impacts is to be documented at national level. This 

includes information about the number of lives lost, number of exposed humans, 

the amount of direct economic damage and the extent of damage to critical 

infrastructure and disruptions in important public services (UNISDR 2015). This is 

an important advancement in the process of compiling national and global disaster 

consequences, and will be a welcoming addition to damage data compiled by e.g. 

EM-DAT, Swiss re, Munich Re and the World Bank, but the data is of little 

practical guidance for assessments of natural hazard damage at regional or local 

levels. The very first priority of the Sendai FDRD is Understanding disaster risk. 

Disaster risk at national, regional and local levels cannot be understood or 

explained by using global disaster data. Despite the positive advancements in 

creating homogenous global disaster data, damage data and data concerning risk 

factors are needed on a higher detail level than what is encouraged by the Sendai 

FDRR, in order to perform risk assessments of disaster at local, regional and 

national levels. For future improvements of data material with the purpose of 

facilitating the understanding natural hazard impact it could be rewarding to 

contemplate on how incitement for collaboration between stakeholders can be 

created or encouraged and what the government’s role in such a process should be. 

A solid foundation of damage data, and of the risk factors explaining them, are 

needed to improve future quantitative risk assessments and economic analysis in 

order to enhance objective decisions and efficient solutions concerning future risk 

mitigation efforts. 
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