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1 Introduction and background

This section focuses on the secondary sector, namely manufacturing and energy industries. These industries 
produce goods and services that are consumed as final or intermediate goods and services, and that are 
necessary for activities in a society, while they also employ labour and provide wages to households. Physical 
damage to these industries not only leads to a shortage of goods and services that they produce, but also causes 
declines in income to their labour forces. In addition, because of the globalised production networks as well as the 
lean production system employed in various manufacturing industries, the damage and business interruptions 
brought about in one region could spread to other regions in the same countries and potentially across the world. 
Some recent empirical observations, for example the declines in production of car-manufacturing companies at 
various countries in the aftermath of the 2011 east Japan earthquake and tsunami, proved that the modern 
manufacturing network appears vulnerable to such catastrophic disasters (Reuters, 2016). In this context, 
the production networks, such as intra- and interindustry linkages, should be encompassed to understand a 
comprehensive picture of disaster effects.

In this section, damage to physical facilities, resulting from internal causes or external forces, is called ‘damage’, 
while the decline in production level caused by the damage is called ‘(first-order) losses’ of production (Okuyama, 
2007). While the terminology used in the United Nations (2016) refers to damage and losses as ‘direct economic 
losses’ and ‘indirect economic losses’ respectively, the use of the words ‘direct’ and ‘indirect’ creates some confu-
sion, such as adding these two different measures together, which is theoretically incorrect and potentially leads 
to the double counting of impacts. In addition, the methodologies to measure higher-order effects use the term 
‘indirect’ with a different definition (Rose, 2004). The most up-to-date Handbook for Disaster Assessment by the 
Economic Commission for Latin American and the Caribbean (ECLAC, 2014), known as the ECLAC methodology, 
also employs definitions of damage and loss similar to Rose’s. Therefore, in this section, ‘damage’, ‘losses’ and 
‘higher-order effects’ are utilised, instead. These two numbers of damage and losses should be clearly distin-
guished, because adding them together would double-count the impacts, and Rose (2004) suggested listing 
both of them separately to paint an inclusive picture. A few methodologies are available for the quantification of 
damage and losses, and their details are discussed below.

2  Risks in industry and energy industries

Manufacturing and energy industries inherently involve risks that can be classified 
into internal and external, and/or can lead to broader effects on the macroeconomy 

and the natural environment.

Manufacturing and energy industries inherently involve risks that could lead to accidents that might result in 
a disaster, or could experience a catastrophic natural hazard, such as earthquake, flooding, severe weather, or 
drought, that would bring about damage or losses to the production facilities. These risks can be classified into 
internal (within the industry) and external (from other industries), and/or can lead to broader effects on the mac-
roeconomy and natural environment. For example, internal risks include the malfunctioning of production equip-
ment, software bugs, faulty operation of production systems by humans, financial risks, reputational risks if the 
company does not address climate change and so on. External risks can be threats of catastrophic natural (and 
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man-made) hazards, which can cause physical damage to production facilities and/or networks, and increased 
climate variability leading to hazards. Internal risks can be dealt with by technological and behavioural means, 
while external risks may be responded to by prevention and preparedness, such as a business continuity plan 
(BCP).

In particular, modern manufacturing and energy industries rely heavily on supply chains (value chains) because 
of the increasing globalisation of production processes, through which a company purchases parts (intermediate 
inputs) provided by other companies (upstream industries) for its products and sells its products to other com-
panies (downstream industries) or to consumers as final products. Specifically, upstream industries are mainly 
mining, material production (chemical, steel, etc.) and energy industries, and downstream industries include 
product-assembling industries (automobile, electrical and electronic products, etc.) and service industries. In this 
way, manufacturing and energy industries form complex and interwoven interindustry networks. Given this, one 
company’s stoppage of production due to damage to its production facility resulting from internal or external 
causes would create a negative ripple effect on a wide range of industries and on the economy, as well as pos-
itive opportunities to other companies that can provide substitutable products. The impacts of such an event 
can be classified into the following five types: (1) production (supply) disruptions due to damage to production 
facilities; (2) forward effects of the supply disruptions to the downstream industries; (3) technical and/or spatial 
substitution effects for replaceable goods and services; (4) decline in both intermediate and final demands due 
to the decreased production and earnings; and (5) backward and positive effects from intensive demand injection 
of reconstruction activities (Oosterhaven, 2017). It is expected that the interindustry 

2.1 Risks within industries

Manufacturing and energy industries inherently involve risks within their operations, and the realisation of such 
risks may cause damage to their facilities. These risks include faulty design of production processes, malfunc-
tion of the production facility and/or equipment, software problems, mismanagement of the company, or other 
human errors. Each company in these industries tries to minimise these risks using redundancy, backup facilities, 
periodical maintenance and so on. Because all the production systems, facilities, and equipment are designed 
and installed by humans, it is inevitable by our nature that they will contain some major or minor errors or draw-
backs. While these risks originate internally in the production system in question, the systems are also exposed 
to external risks. Some natural hazards, for example earthquakes, flooding, severe storms, and drought, can 
damage or even destroy part or all of the production facilities, creating the similar impacts to the internal risks 
above. This risk will create production disruptions, as in type 1, and would trigger a ripple effect on the economy 
and society as described above.

2.2 Risks among industries

Modern manufacturing and energy industries require a set of intermediate inputs for producing their products, 
creating interwoven interindustry linkages. For example, car manufacturers require thousands of intermediate 
inputs, such as tyres, glass, seats, plastic materials, paints, electrical parts, electronic circuits and, water, from 
their suppliers. Even though a car-manufacturing company did not have any physical damage to its production 
facility, it would eventually halt or delay its operations if one of the suppliers that produces critical intermediate 
input were damaged and could not supply its products. This type of cascading impact on an undamaged company 
is called ‘higher-order effects’ (Rose, 2004), which can potentially produce the ripple effect of impacts through 
interindustry linkages (supply chains) to many other industries, described as types 2, 3, and 4 above.
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This ripple effect would propagate not only to the downstream industries through the supply chain but also to 
the upstream industries. If one company (A) needs to pause its production because of severe damage to one 
of its critical suppliers (B), this is called the impact on downstream industry. Meanwhile, another company (C), 
which provides its product as an intermediate input to B, will need to decrease its production because B cannot 
produce its product therefore does not need intermediate inputs from C. This is an upstream propagation of the 
impact. Moreover, company A uses other intermediate inputs from another company (D) as well as from B. When 
company A halts production as a result of damage to B, it influences the production of company D, since A also 
stops purchasing D’s product. This is also an upstream propagation of impact. Company A’s production stoppage 
can also potentially lead to a downstream propagation of the impacts, if other companies purchase company A’s 
product as their intermediate inputs. The ripple effect of impacts spreads through the web of supply chains that 
modern manufacturing industries have formulated and utilised. Some industries, such as car manufacturing and 
construction, require a wide range of intermediate inputs; if even a small supplier that provides a critical input to 
major companies is damaged by a disaster, it can create extensive ripple effects on many other industries.
Higher-order effects are quite entangled and complex to measure empirically by using usual macroeconomic 
indices, such as changes in gross domestic product, due to other macroeconomic disturbances and so on. There-
fore, the quantification of higher-order effects requires economic models, such as input–output (IO), computable 
general equilibrium (CGE) or econometric models. Some of these models are briefly discussed below.

2.3 Effects on macroeconomy and environment

Since the higher-order effects can propagate across a broad range of industries, there is a concern that a cata-
strophic disaster, such as the 2005 Hurricane Katrina in the United States and the 2011 east Japan earthquake 
and tsunami, could affect negatively the regional or national economy. While a disaster caused by internal or 
external risk to manufacturing or energy industry would lead to localised damage and losses and could spread 
the higher-order effects further to other industries elsewhere, the economic impact of such a disaster, even a 
catastrophic one, may not affect the national economy of developed countries negatively in both the short and 
longer terms (Albala-Bertrand, 2007). This is because developed countries should have sufficient financial, tech-
nological, and other resources to better manage disaster risk through the implementation of countermeasures 
against the adverse impacts of disasters. In other words, if they did not prepare thoroughly against such events, 
there would be substantial and long-lasting negative effects in and around the country, such as after the 1986 
Chernobyl nuclear accident and the 2011 Fukushima nuclear accident.

The timing of a disaster occurrence could influence the overall impact of a disaster in a macroeconomic context. 
When economies exhibit higher growth during a boom period, they may be more vulnerable to disasters than 
those with slower or declining growth in a bust period. This is because during a bust period idle and unused pro-
duction capacity can serve to absorb the production shortage induced by the disaster, whereas during a boom 
period production capacity in economies is fully utilised and hence cannot deal with the production shortage 
(Hallegatte and Ghil, 2008). Having an inventory of intermediate inputs and final products can also serve as a 
buffer against the forward (downstream) effect of supply shortage, whereas modern manufacturing industry has 
been exercising the lean production system, under which it minimises or eliminates such inventories, embedding 
increased vulnerability to the forward effects. However, many manufacturing companies consider that such risk 
would last for a short period so they maintain the lean production system, even after experiencing prolonged 
production stoppage due to forward effects created by a catastrophic disaster (Reuters, 2016).

It is a somewhat common misconception that disasters might cause renewal or update of assets and facilities, 
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leading to upward macroeconomic trends in the long term, which is sometimes referred to as the Schumpeterian 
creative destruction or fertilisation effect. Empirical investigations of the relationship between disasters and eco-
nomic growth/trends indicate otherwise (Okuyama, 2019). The studies using socioeconomic disaster indicators, 
such as those by Noy (2009), Cavallo et al. (2013), and Fomby et al. (2013), provide somewhat mixed results 
for such a relationship, whereas the studies employing physical intensity indicators of disasters, for example 
those of Hsiang and Jina (2014), Felbermayr and Gröshcl (2014), and Berlemann and Wenzel (2016), found clear 
negative effects between them. Hallegatte and Dumas (2009) analysed this relationship that damage caused by 
hazards and subsequent reconstruction with renewed assets only increase production levels but cannot lead to 
overall technological progress, therefore they may not boost long-term economic growth.

Some industries, especially upstream industries (mining and energy industries), characteristically contain risks 
with the potential to trigger environmental damage due to their use of hazardous resources and materials. Some 
accident in such a company, with a natural or human cause, may result in a leakage of hazardous materials into 
the surrounding area, which contaminates the natural environment of the area. This may lead to an environmen-
tal disaster, such as the Exxon Valdez oil spill in 1989 in Alaska, the United States. While downstream industries 
(assembling products) also hold the similar risks to a lesser degree, they are not immune to causing environmen-
tal damage by fire in factories and/or inventory facilities, leading to temporary air pollution from the burning of 
their intermediate and final products.

3 Risks from climate change

Uncertainties related to climate change risks (e.g. time of occurrence and level of 
increase in risk) prevent industry from organising optimal (timely and measured) 

and proactive preparedness.

Climate change is expected to increase both the frequency of occurrence and the magnitude of natural hazards, 
and this will increase the risks (exposure and consequences) to manufacturing and energy industries. The 
similarity of these hazards to already existing threats (i.e. extreme weather events) makes it easier for the 
industry to assess, prepare for and mitigate the risks. However, the uncertainties related to the issues, such as 
the time of occurrence and level of increase in the risk, prevent industry from organising optimal (timely and 
measured) proactive preparedness. 

Premature and/or excessive adaptation presents risk itself. Additional uncertainty is related to regional impacts. A 
special report from the Intergovernmental Panel on Climate Change (IPCC) analyses the risks from various climate 
change scenarios between 2 °C and 1.5 °C warming above pre-industrial levels and related global greenhouse 
gas emission pathways (Hoegh-Guldberg et al., 2018). That report estimates the impacts and risks as high from 
extreme weather events, and moderate from large-scale singular events at 1.5 °C warming, with a moderate 
level of confidence, as shown in Figure 1. 

However, the estimates of coastal flooding risk are very high, with a high level of confidence. The following two 
subsections discuss industry and government actions related to climate change risk assessment, adaptation and 
mitigation measures.
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Figure 1. Estimated impacts and risks from different levels of global warming associated with reasons for concern (RFCs)
Source: Figure 3.21 in Hoegh-Guldberg et al., 2018.

3.1 Climate change risk management for the manufacturing and 
energy industries

The manufacturing and energy industries have been facing climate change risks to their market ratings and reg-
ulation requirements. Dealing with these risks is essential because the government regulations, financial market, 
and insurance companies force and/or expect them to implement timely reactions to such risks.

Goldstein et al. (2018) reviewed more than 16 000 corporate adaptation strategies and significant blind spots 
found in the assessments of climate change impacts and their management. CDP (2019) summarises the fol-
lowing findings from the companies reporting about climate change risks and opportunities: significant risks are 
identified as needing expanded analysis; the largest companies report major financial implications; the risks are 
smaller than the opportunities; some striking regional differences exist; many industries expect to experience 
fewer implications than the financial industry; management costs outweigh the benefits; the energy industry is a 
source of lessons to be learned because of early and wide-ranging impacts.

Industry could prepare better for climate change risks by incorporating its assessment into an overall risk man-
agement (RM) strategy. Continuous updating with the best available data and methodology is necessary for 
tackling all the related uncertainties.
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3.2 Governance for reduction of climate change risk

Regulators and investors had already motivated the industry to transition towards a sustainable and low-carbon 
economy, even before climate-change-related risks were considered transitional risks and became highly publi-
cised. All these various governance measures are imperative because they are designed to prepare for increased 
climate change risks in a socially optimal way. However, there are ongoing debates about what regulations should 
be imposed and which best practices should be encouraged. Considering the extensive uncertainties related to 
climate change risks, finding the best approaches is a daunting task. In this context, research and development to 
reduce uncertainties, and to improve risk assessment for efficient industry applications and effective regulations, 
are indispensable to tackle the climate change risks. Without the knowledge and insights from the best available 
sciences, all those involved would be more likely to underestimate or overestimate the future climate change 
risks. Either way, this would result in significant waste of resources.

4 Estimation methods

It is imperative to understand what assessment models/methods can or cannot 
cover based on their assumptions.

As argued in the 2017 report (Poljanšek et al., 2017), more consistent and systematically gathered data for the 
damage and losses to manufacturing and energy industries, and other industries, are needed for assessing the 
impacts of events. While the OECD governance of critical risks initiative has compiled the data(1) for the poli-
cies, processes and practices through which OECD Member countries govern critical risks, the data for damage 
and losses, as well as higher-order effects, have not been collected consistently or systematically. Because the 
definitions of damage and loss in a disaster situation, such as the spatial and temporal extent and the valuation 
methodology, have not been set, nor is there any consensus among stakeholders (Okuyama, 2007), it is a good 
idea to start with the definitions proposed in the widely used ECLAC assessment methodology (UN ECLAC, 2014), 
which has been employed to assess damage and losses in recent major disaster cases in developing countries. 
Terminology used in this subsection – damage, losses and higher-order effects – follows the definitions in the 
introduction above.

4.1 Assessment of damage

In the ECLAC methodology, damage is defined as the effects that a disaster has on the assets of each industry, 
expressed in monetary terms. The assets here include physical assets such as buildings, machinery, equipment, 
furnishing, roads and ports, land, and inventory of final goods and intermediate inputs. Two pieces of information 
are required to evaluate damage: the level of destruction of each asset and their monetary value (UN ECLAC, 
2014). While the ECLAC methodology uses the replacement cost of damaged assets for the conversion from 
physical quantity to monetary value, it becomes occasionally problematic, especially in a disaster situation (Rose, 
2004). When a machine is partly damaged in a disaster, it does not have to be replaced but can be repaired; in 
this case, the cost should be the repair cost. In addition, even in a case of replacing the damaged equipment, 
it would not be replaced with the same machine; rather, newer equipment can be installed to replace the dam-
aged old one. In this case, the replacement cost (the cost of new equipment) is not equal to the value of the 

(1) See https://qdd.oecd.org/subject.aspx?Subject=GOV_RISK 

https://qdd.oecd.org/subject.aspx?Subject=GOV_RISK 
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old one before the disaster. In an extreme case, if a company’s factory were damaged by a disaster and it went 
bankrupt, there would be no replacement cost. Information on estimated damage is indispensable for industries 
to evaluate their preparedness and mitigation measures and to respond to the damage. Recent increased data 
collection capabilities and advanced information and communication technologies in many developed countries 
make it possible to estimate property damage immediately after a natural hazard hit. One such method has 
been proposed by Heatwole and Rose (2013); it can estimate property damage, including the damage to land, 
livestock, buildings, equipment, etc., from major US earthquakes based on a regression model. This model con-
sists of ‘exposure-related predictors’, such as population, income, and land area of hazard-affected region, and 
‘hazard-related predictors’, such as earthquake magnitude, distance from epicentre and so forth, to derive a set 
of property damage estimates (lower bound, average, and upper bound) in monetary value. While this model is 
only for earthquakes in the United States, this framework can be applied to other types of hazard and to other 
countries. This type of method can be useful to assess the damage that a natural hazard has caused and to 
assist timely disaster response and recovery activities.

4.2 Assessment of losses

Production or business interruptions caused by damage to production facilities lead to declines in production 
flows of goods and services. Losses are defined as goods and services that go unproduced during a period run-
ning from the time the hazard occurs until full recovery of the damaged assets is achieved. 

By and large, different methods have been employed for the estimation of business interruption costs. The popu-
lar approaches are (1) applying an industry-specific reference value per unit affected or per day of interruption to 
estimate the production losses; (2) comparing production output between years with and without hazard; and (3) 
calculating production losses as a proportion of damaged production capital (Meyer et al., 2013). Furthermore, 
loss estimates can be obtained by fitting statistical models to available historical data (e.g. originating from the 
insurance industry) (Hogg and Klugman, 1984) by using methods such as parametric curve fitting based on ex-
treme value theory, and generalised Pareto distribution due to the heavy-tailed and skewed nature of the data 
(McNeil, 1997; Jindrová and Pacáková, 2016). It is cautioned, however, that the hypothetical baseline (without 
disaster) case must be projected from the best information available, in order to avoid losses being over- or un-
derestimated (UN ECLAC, 2014). Losses here are sometimes called first-order losses, to distinguish them clearly 
from higher-order effects, discussed below. 

Like the frameworks to estimate damage discussed above, a few models have been proposed to estimate losses 
from hazard intensity index and socioeconomic data that are readily available. One such model is the estimation 
model for ‘production capacity loss rate’ by Kajitani and Tatano (2014). 

Conventional approaches to production loss estimate require damage data on production facilities and equip-
ment, whereas this model evaluates the production capacity loss rate through functional fragility curves and 
lifeline resilience factors. While their methodology is tailored to earthquakes and Japanese cases, the frame-
work can be applied to other types of hazards and to other countries where similar data are available. One of 
the advantages in this methodology is that, once the ground motions of a particular earthquake are given, the 
estimated changes in the production capacity rate can be derived in the damaged area. This type of rapid assess-
ment method for evaluating production loss is advantageous to timely decision-making in industry for managing 
response and recovery strategies as well as analysing the higher-order effects.
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4.3 Assessment of higher-order effects (2)

As discussed in the introduction, the first-order losses stemming from the business disruptions caused by the 
damage to production facilities set off a chain reaction, or ripple effect, through interindustry linkages (supply 
chains). For instance, if a power station were damaged by an accident, electric power would not be available to 
some or all of the power grids that the power station covered, and manufacturing industries in the affected power 
grids would have to halt their production until power was restored, even if they were not damaged at all. More-
over, due to the lost production of those industries without power, the suppliers to and the customers of those 
industries would need to either decrease or pause their production, too. How the ripples of such effect spread 
across other industries in economies is rather complex, because of intertwined supply chains across industries 
and over space and even across countries.

In order to assess such higher-order effects of a disaster, one needs to use economic models, such as input-out-
put (IO), computable general equilibrium (CGE), econometric, non-linear optimisation or some other macroeco-
nomic models. These models are highly sophisticated and need some lengthy descriptions. In short, IO models 
highlight interindustry transactions to derive ripple effects from changes in demand to one or more industries, 
while CGE models simulate changes in demand and/or supply in various markets to replicate how an economy 
responds (or economies respond) to a shock. Econometric models are regression models based on historical data 
about an economy. Readers interested in this topic are encouraged to consult the relevant literature, such as 
Rose (2004), Okuyama (2007), Okuyama and Santos (2014) and Okuyama and Rose (2019). While these models 
have been popular and employed for numerous recent cases, they are not without criticisms (e.g. Albala-Bertrand, 
2013). Because economic models are representations of specific aspects of the real world, they intrinsically ne-
glect some other aspects, such as psychological impacts on the labour force. It is imperative to understand what 
assessment models/methods can or cannot cover. At the same time, there are also considerable ambiguities in 
the estimates, especially for higher-order effects from the cascading impacts, due to uncertainties in a disaster 
situation that might be amplified by these methods. Further studies on this topic are essential, given the impor-
tance of unbiased estimates of the economic impacts (Girgin et al., 2019).

5 Countermeasures against risks

Prevention, preparedness, mitigation, response and recovery measures are the 
most common countermeasure strategies.

In order to avoid an incident becoming a disaster, strategies for dealing with existing and emerging risks are 
necessary. These strategies, also known as countermeasures against risks, include prevention, preparedness, 
mitigation, and recovery measures. Particularly in manufacturing and energy industries, their production activ-
ities establish a complex system, which covers production, logistics networks, and budget constraints, and this 
complexity and the internal and external risks that they face burden their management decisions about how to 
formulate and implement countermeasures. For example, a company’s production process relies heavily on the 
use of electric power, which is produced by a power company. If the power company could not produce and/or 
transmit power, causing a blackout, this company’s production would be suspended as a higher-order effect of 
the power shutdown. If the accident were caused internally within the power company, the loss of revenue of 

(2)  The 2017 report (Disaster Risk Management Knowledge Centre, 2017) discussed the methodologies assessing higher-order effects (‘indirect economic damage’) to some extent, 
such as simultaneous equation econometric models, input–output models, and computable general equilibrium models. The issues with these models raised in the 2017 report, 
for example dynamic adjustment features such as recovery, resilience, interregional substitution, inventory adjustments, and changes in labour supply, have been dealt with by the 
recent models. In particular, Okuyama and Rose (2019) provide state-of-the-art modelling practices and examples of the recent advances.
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this company could be contractually divided between the two companies and potentially compensated for by the 
power company. On the other hand, if the accident were caused by an external source, such as a natural hazard, 
it would often be out of the scope of contractual matters. As one of the preparedness measures, this company 
would want to install backup generators for such a case; however, the cost of generators and fuels is added to 
the production cost (the larger the backup generators become, the more they cost the company), whereas the 
occurrence of such blackouts is quite infrequent.

The countermeasure strategies against risks try not only to avoid an incident becoming a disaster but also to 
limit the impacts of such an event once it occurs. Usually, prevention, preparedness, and mitigation measures are 
identified during the pre-disaster phase, and the response and recovery measures are set up in the post-disaster 
phase. Measures to reduce or limit the impact of a risk are not arranged in isolation but are put in place along 
with strategic medium- and long-term plans, and always within the enterprise-wide RM, i.e. the overall manage-
ment of the risks that organisations take, to make decisions about how to formulate and implement counter-
measures and how to achieve their strategic objectives.

5.1 Risk management

Risk management is a ‘combination of organisational systems, processes and procedures that identify, assess, 
evaluate and mitigate risks in order to protect the organisation, its strategies and objectives (Martínez Torre-
Enciso, 2007). An effective RM system plays a significant role in reducing exposure to potentially unfavourable 
events. Many organisations follow RM frameworks(3) and models for enterprise risk management (ERM), business 
continuity (BC), disaster management (DM) or crisis and emergency management (CEM), among others. Each of 
these models establishes its own processes and procedures; however, in certain respects they overlap regarding the 
identification and evaluation of risks and the control and financing of both the risks and the measures established 
to limit their effects. Moreover, these overlaps among different strategies (ERM, BC, DM, CEM) are allowed in 
many cases – and especially in regard to operational risks, which are the most important in manufacturing and 
energy industries – in order to obtain important synergies (Laye and Martinez Torre-Enciso, 2001). For example, 
a company that aims to develop ERM and BC plans should carry out the identification, assessment and evaluation 
of risks for both. If the same team deals with ERM and BC plans, significant savings in personnel costs and time 
are achieved, as processes will only be carried out once.

The Committee of Sponsoring Organisations of the Treadway Commission (COSO) ERM model and other 
risk management frameworks, such as International Organization for Standardization (ISO) 31.000, develop 
comprehensive identification, assessment and evaluation of risks through risk mapping, matrix, etc.(ISO, 2018). 
Once risks are determined by the company’s risk tolerance levels, the ERM model and frameworks allow it to 
decide how the risks are treated: control, finance and transfer them. If the risk has been identified, there are 
several ways to deal with it, including acceptance, transference, and mitigation. To transfer the risk, the company 
may purchase insurance or outsource the activity to a third party. Mitigating the risk might mean that it is reduced 
in some way. By applying these processes, it is possible to reduce the inherent risk until only residual risk remains. 
ERM not only calls for corporations to identify all risks they face, so that they can decide which risks to manage 
actively, which helps companies in the complex decision-making process on establishing countermeasures 
against risks; it also involves making that plan of action available to all stakeholders, shareholders and potential 
investors, as part of their annual reports (e.g. figure 2).

(3)  Around the world, a number of risk management standards have been published in order to guide the application of risk management. These standards include (but are not 
limited to) Enterprise risk management – Integrated framework (Committee of Sponsoring Organisations of the Treadway Commission [COSO]–USA, 2017); ISO 31000:2009 Risk 
management – Principles and guidelines (International Organization for Standardization, 2009); BS 6079-3:2000 Project management – Guide to the management of business 
related project risk (British Standards Institute, 2000); King IV report on governance (Institute of Directors in Southern Africa, 2016).



278

Figure 2. Enterprise risk management process  Source: © COSO, 2017. 

For manufacturing and energy industries, these risks may entail consideration of supply chain delays/
disruption, third-party vendors, information technology (IT), staffing and succession planning, emerging markets, 
and productivity and quality issues, among others. Controls can be directed to all exposures to risk (hazard, 
operational, strategic and financial) and can be achieved by implementing policies, standards, procedures and 
physical changes to a workplace. For example, when there is an identified risk of fire, organisations may employ 
physical control measures such as good housekeeping, fireproof materials, sprinkler systems or a no-smoking 
policy. For security risks, control measures may include physical barriers and locks. For IT breaches, there are 
measures such as firewalls, increasing password complexity or moving to two-factor authentication. For fraud 
risks, control measures could include background checks on staff members, segregation of incompatible duties 
or implementing system security to limit access.

5.2 Business continuity management

Each company has a number of critical business functions that must not be interrupted and, if they are, must 
be recovered as quickly and at the lowest possible cost. For such situations, companies develop BC plans whose 
countermeasures against risks are planned in the pre-disaster phase, but have their full development in the post-
disaster phases. Business continuity management (BCM) is a ‘holistic management process that is used to ensure 
that operations continue and that products and services are delivered at predefined levels, that brands and value-
creating activities are protected, and that the reputations and interests of key stakeholders are safeguarded 
whenever disruptive incidents occur’ (ISO, 2012).

Implementing the business continuity plan (BCP) of a company can help sort out this complex decision-making and 
can direct it to establish sufficient countermeasures against risks as a result. A BCP is a ‘document that describes 
how a firm intends to continue carrying out critical business processes in the event of disasters (American Bar 
Association, 2011: page 1). BC planning is also the process of creating systems of prevention and recovery to 
deal with a disaster situation (Elliott et al., 1999). It consists of three stages: (1) risk assessment, including ‘risk 
evaluation’ and ‘business impact analysis’; (2) developing and documenting BCP, including ‘develop recovery 
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strategy’ and ‘document plan’; and (3) testing, approving, and implementing BCP, including ‘test plan’, ‘approve 
and implement plan’, and ‘maintain plan’ (AIG, 2013: Page 3). BC planning appears closer to preparation for how 
to recover from and/or respond during a disaster (including impact from higher-order effects); however, business 
impact analysis at the first stage can highlight weakness in production processes that are vulnerable to disaster 
scenarios. Therefore, constructing and implementing a BCP is not only critical for minimising the impacts during 
recovery from a disaster but also imperative for determining prevention, preparedness and mitigation strategies 
before such a disaster occur’

Two notes on BCP components (Martínez Torre-Enciso and Casares, 2011) are worth discussing here. Crisis and 
disaster situations usually result in the loss or temporary disruption of one or more of the following necessary 
key business resources: facilities, infrastructure, IT applications/systems, people and supply chain. Developing a 
correct and deep business impact analysis is a key element for a BCP’s success, as it identifies the impact of a 
sudden loss of business functions, and evaluates which are the core and critical business activities that must 
not be disrupted. On other hand, some people think a disaster recovery plan is the same as a BCP, but a disaster 
recovery plan focuses mainly on restoring IT infrastructure and operations after a crisis. It is actually just one part 
of a complete BCP, as a BCP looks at the continuity of the entire organisation. In this way, BCP documentation 
may include (1) a disaster recovery plan, including the loss prevention and control measures and the emergency 
plan; (2) a crisis management plan; and (3) contingency plans.

Manufacturing and energy industries need to have strategic plans in place to ensure that disruptions are avoided 
in the areas of staffing, supplies and machinery; the aim is to recover plant operations. They focus their BCPs 
on recovery strategies and mitigation measures, given the difficulty in finding continuity solutions. On the one 
hand, setting aside alternative sites for them is usually avoided because of the costs involved. In the absence 
of alternative production sites, there are few recovery strategies available to manufacturers. When custom 
construction equipment and assembly lines used cannot be easily replaced, recovery options available are (1) 
slowing down when they feel the impact, by using inventory/buffer storage; (2) selective recovery of production 
lines; and (3) ensuring that the recovery/repair operations are performed quickly. Alternatively, if some equipment 
in their production lines is similar to that of their suppliers, manufacturers that assemble semi-finished products 
may try to resume limited production capacities at their suppliers’ premises.

On the other hand, the ability of having redundancies of production process as a backup for efficiency is a key 
objective for manufacturers, and mitigation strategies are often prioritised. Those measures should focus on 
either preventing or limiting the impact of a disruption, taking into account the production of goods or energy. 
For instance, if there is a fire, the sprinkler system might be activated as a whole, and could damage production 
equipment that were otherwise unaffected by the fire. This can be avoided through the use of localised sprinkler 
discharges so that each sprinkler needs to be independently activated, or the use of a dry delivery sprinkler 
system so that, upon activation, fluids are directed to only the discharge point.

Healy and Malhotra (2009) studied public spending on disaster relief measures and countermeasures, and found 
that every USD 1 spent on preparedness saves the equivalent of USD 15 on relief measures for all future 
disasters. While their study concerns only government spending and its consequences, this tendency for pre-
disaster preparedness to be less costly than post-disaster recovery applies to the private sector, especially 
the manufacturing and energy industries, considering the amount and extent of the higher-order effects on a 
society. At the same time, as discussed above, because the lean production system inherently comprises the risk 
of supply chain disruptions, careful preparation in the BCP for alternative suppliers or supply chain, instead of 
having and/or increasing inventory, should be seriously considered.
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6 Case studies

The impacts related to industries and energy production systems are not limited 
to direct physical damage, but also include business interruptions and cascading 
events hazardous to human life and the environment. This is especially the case 

for the aftermath of natural disasters that affect multiple industries at once.

6.1 The 2013 floods of the Danube and Elbe rivers in Germany

The June 2013 flood was the severest large-scale flood in Germany for the last six decades for which a hydrological 
flood severity had been estimated (Merz et al., 2014). In May 2013, rainfall above the long-term average in many 
parts of central Europe caused severe flooding. In that month, 178 % of the long-term monthly precipitation fell 
across the whole of Germany. The flood began after some areas of Germany experienced a total of over 400 mm 
of rain within a few days. While there was only moderate flooding in the south-west of Germany, the authorities 
in parts of southern Bavaria and Austria declared a full-scale emergency. 

In Upper Bavaria, some areas had to be evacuated after embankments were breached. Eastern Germany, such 
as the states of Saxony, Saxony-Anhalt and Thuringia, was also severely affected, and some rivers flooded towns 
and villages, causing damage to houses and vehicles and forcing the evacuation of almost 100 000 people 
(Munich Re, 2014) (Figure 3).

The floods caused damage to a railway bridge, and the important high-speed rail connection between Berlin and 
the western part of Germany was cut off for several months (Schulte in den Bäumen et al., 2015). Manufacturing 
companies were severely affected: Krones, a global market leader in manufacturing bottling machines, shut down 
production in two plants in Upper Bavaria, because its workers were unable to commute to work on inundated 
roads. Volkswagen in Zwickau had to stop its vehicle production, since its suppliers were unable to deliver the parts 
in time owing to the damage to the transport infrastructure (Wenkel, 2013). Thieken et al. (2013) interviewed 
557 flood-affected companies in order to investigate impacts on economic activities. 

Of those companies, 88 % answered that they were affected by ‘interruption of operations’ by flooding, followed 
by ‘building and/or equipment damage’ and ‘turnover losses’. Manufacturing companies reported more frequently 
than other industries that ‘their own delivery problems’ and ‘delivery problems by suppliers’ affected their 
operations. Because manufacturing companies rely heavily on supply chains for intermediate inputs (parts and 
products), also known as vertical specialisation, once any transportation links and/or nodes are disrupted, suppliers 
cannot reach their customers to deliver their products. This leads to business interruptions to the downstream 
companies/industries, propagating higher-order impacts.

The economic cost of the flooding was estimated at EUR 10 billion in Germany alone (EUR 11.7 billion in the entire 
affected area), while the insured amount was EUR 1.8 billion in Germany (Munich Re, 2014). These numbers are 
estimates of damage, not losses, nor do they include higher-order effects over the surrounding regions. For a 
more comprehensive and broader assessment of the socioeconomic impacts of river floods, Alferi et al. (2016) 
proposed an integrated framework to estimate the economic damage and population affected by river floods 
at a continental scale, in which pan-European river flow simulations are linked with a high-resolution impact 
assessment framework. 
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Figure 3. Wust-Fischbeck (Saxony-Anhalt) submerged by the river flood in June 2013.
Photographer: Jens Wolf. © European Union, 2020

They applied this framework to the 2013 central Europe floods and derived aggregated estimates of (direct) 
damage in Czechia, Germany, and Austria amounting to EUR 10.9 billion and 360 000 people affected by this 
event. Their framework focuses mainly on simulating physical events (floods) and assessing physical damage, but 
not losses or higher-order effects. Nevertheless, this framework is quite useful to simulate events and monitor 
floods in severe weather conditions. For a more comprehensive evaluation of the event, especially covering a 
larger area, the losses and higher-order effects of the event need to be evaluated.

Employing a multi-regional IO model of Germany (including the 16 Länder of Germany and the rest of the 
world, with 41 types of industry) to simulate the supply chain disruptions, Schulte in den Bäumen et al. (2015) 
estimated that the higher-order effects of this event in Germany, which affected not only the motor vehicle and 
food industries in Germany but also foreign production, amounted to EUR 6.2 billion. The higher-order effects 
on regions and industries outside the flooded areas were around EUR 400 million. Their estimates suggest that 
losses of production in the damaged Länder were EUR 3.1 billion in Bavaria, EUR 750 million in Saxony, EUR 423 
million in Saxony-Anhalt, EUR 398 million in Brandenburg and EUR 394 million in Thüringen. Outside the damaged 
Länder, it is estimated that other economies suffered production losses (higher-order effects) through supply-
chain interruptions: for example, EUR 171 million in North Rhine-Westphalia, EUR 151 million in Lower Saxony, 
EUR 80.2 million in Baden-Württemberg and EUR 42.2 million in Hessen. In addition, economies outside Germany 
lost EUR 33.8 million in forgone production as the higher-order effects through supply-chain interruptions. The 
industries in Bavaria most severely affected by production losses were estimated to be real estate services (EUR 
218 million), transport equipment production (EUR 181 million), ‘other business services’ (EUR 154 million) and 
motor vehicle production (EUR 80.2 million). On the other hand, the industries suffering the largest higher-order 
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effects were motor vehicle production in Baden-Württemberg (EUR 85.7 million), and food industries in North 
Rhine-Westphalia (EUR 84.3 million) and Lower Saxony (EUR 34 million). As their results suggest, the impacts 
(higher-order effects) of the event spread geographically and across industries, especially among manufacturing 
industries, through interindustry supply chain networks.

As the globalised production system and the integrated economy, such as in EU Member States and regions, 
expand, it is essential to consider and evaluate the economic values not only of damage and losses but also of 
higher-order effects, which are becoming more extensive and crucial than before. As discussed in the previous 
subsections, standardising the definition and establishing the extent of higher-order effects are essential for 
implementing effective strategies and countermeasures to minimise such broad impacts. At the same time, 
because of the interconnected production systems of these industries, cooperative measures among related 
firms and with the public sector need to be promoted on a wider geographical scale.

6.2 Industrial accidents triggered by natural hazards

The impacts of natural catastrophes on the industries and energy production systems are not limited to direct 
physical damage and business interruption, but may also involve cascading events hazardous to human life and 
the environment, such as fires, explosions, and toxic or radioactive spills. Such cascading events may amplify the 
overall economic loss with further physical damage, injuries, fatalities, medium- or long-term health problems, 
environmental damage, loss of ecosystem services, business interruption, public unrest and social costs. These 
consequences can be quite substantial, and cost even more than the damage directly caused by the natural hazard. 
For example, the earthquakes of 5 March 1987 in Ecuador (Ms 6.9) caused the destruction of more than 40 km of the 
Trans-Ecuadorian Oil Pipeline in massive landslides triggered by the seismic activity. Approximately 100 000 barrels 
of oil spilled into the environment and the loss of revenue during the 5 months required for repair was USD 800 
million, equal to 80 % of the total earthquake losses (NRC, 1991). Furthermore, if persistent or radioactive hazardous 
materials are also involved, environmental clean-up and restoration activities may require an exceptionally long time 
and enormous resources, as seen at the Fukushima nuclear power plant accident caused by the 2011 east Japan 
earthquake and tsunami.

Known as natural-hazard-triggered technological (natech) accidents, such cascading events are a recurring feature 
in many natural disasters, which affect industries and energy systems that store, handle, or transport hazardous 
substances. One noteworthy example in Europe is the 17 August 1999 Kocaeli earthquake (Mw 7.4), which resulted 
in many natech accidents with significant economic and environmental consequences. The earthquake, which was 
one of the most devastating natural disasters in the modern history of Turkey, caused about 17 500 fatalities, injured 
about 44 000 people, affected 15 million people and resulted in property damage totalling over USD 15 billion. 

The affected area is one of the industrial heartlands of the country and is densely populated and heavily industrialised, 
accounting for 35 % of the gross national product (Özmen, 2000; Durukal and Erdik, 2008). The earthquake caused 
significant damage at numerous industrial facilities (Johnson et al., 2000; Rahnama and Morrow, 2000; Suzuki, 
2002; Sezen and Whittaker, 2006; Durukal and Erdik, 2008), which led to many natech accidents ranging from small 
hazardous substance releases to enormous fires (Steinberg et al., 2001; Steinberg and Cruz, 2004). Among these 
events, two were especially noteworthy owing to their consequences: the huge fire at the Tüpraş İzmit Refinery in 
Korfez, Kocaeli, and the acrylonitrile spill at the Aksa acrylic fibre production plant in Ciftlikkoy, Yalova (Girgin, 2011).

Founded in 1961, the Tüpraş İzmit Refinery had 40 % of the refining capacity in Turkey and was one of the most 
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advanced refineries in the Mediterranean region (Tüpraş, 2010). The fire at the refinery lasted for 5 days and could 
only be extinguished with international support (Danış and Görgün, 2005). 

The Aksa plant, which was constructed in 1971 with a capacity of 5 000 tons per year, had a production capacity of 
230 000 tons per year in 1999. Currently, it is the only acrylic fibre producer in Turkey and it is also the largest in 
the world, with a global market share of 18 % and an annual production capacity of 315 000 tons (Aksa, 2019). The 
spill of 6 500 tons of acrylonitrile, a highly flammable, toxic and carcinogenic substance, harmed domestic animals, 
affected agricultural activities, endangered public health and resulted in environmental pollution that required 5 
years of continuous treatment for reclamation (Bayer, 1999; Zanbak, 2008). 

Both events required the evacuation of the nearby settlements and hampered earthquake search and rescue 
operations. There were also considerable economic losses. In the case of the Tüpraş İzmit Refinery, the majority 
of the units were put back into operation within 3 months after the earthquake, but it required 1 year for all units 
to be functional. The total cost of restoration, including the oil spill cleanup, was about USD 58 million. However, 
the refinery also lost roughly 6 months of its crude oil processing capacity (4.6 million tons) during this period as 
operational losses (Girgin, 2011).

The Tüpraş and Aksa incidents showed that preparedness for large external events, considering the extraordinary 
and highly resource-limited conditions they cause, is critical to prevent and reduce the impacts on industries and 
energy production systems. Existing risk should be assessed taking into account temporal change due to factors 
such as climate change and ageing of the equipment; structural (e.g. strengthening of buildings) and organisational 
(e.g. training of personnel) measures should be implemented properly; and response and recovery plans should be 
prepared, periodically reviewed and practised. Sharing of information and involvement of public and other stakeholders 
in decision-making process are also crucial to limit consequences and increase resilience.

As for the lessons learned from the past natech incidents, analysis of historical incident data for selected industries 
shows that, although natech accidents occur less frequently than accidents from other causes, their economic 
consequences are more severe (Girgin and Krausmann, 2016). In fact, owing to synergistic and cascading effects 
among natural and technological hazards, natech accidents may result in complex consequences involving numerous 
hazardous events over large areas, damaging safety systems and barriers, and destroying lifelines needed for 
emergency management purposes. Therefore, it is essential to quantify the losses not only considering the direct 
damage, but also considering the cascading impacts. This can be challenging even for a single facility; hence, dealing 
with multiple facilities and mutual dependencies is a difficult task. 

The main economic damage potential is attributable to fires and explosions, as they cause direct physical property 
damage. However, depending on the market dynamics, serious losses may also occur through business interruption 
even if the property damage is relatively minor. Occasionally, even the proximity of a hazard without any direct impact 
may lead to losses. For example, wildfires in British Columbia, Canada, in 2017 led the operators to temporarily shut 
down natural gas wells, pipelines and other facilities as a precautionary measure where wildfires came dangerously 
close to operations, leading to costly business interruptions (Marsh, 2018). The industry can transfer these risks 
to third parties using financial tools, such as insurance that covers the losses related to natural hazard impacts or 
business interruptions. But the coverage is usually limited and varies with estimated risk and existing RM practices 
(Olson and Wu, 2010). Safety expenditures are often not self-financing for low-probability high-impact risks such as 
natech risk. Therefore, in order to fill the existing gaps, some legislative or financial support might be necessary from 
the public authorities for the required prevention and mitigation measures (Girgin et al., 2019).
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7 Conclusions and key messages

Disaster risks that manufacturing and energy industries face are rather wide-ranging. They can potentially trig-
ger a disaster from internal causes, such as an industrial accident leading to air or water pollution, while they are 
also threatened by external risks, such as natural hazards and/or other companies’ and/or industries’ accidents. 
Furthermore, in some cases these industries can exacerbate disaster processes, resulting in natech events as 
discussed in the case studies above. Internal risks can be mostly treated through management strategies and 
technological means, whereas external risks are often difficult to predict. Integrating RM and BCM with their 
business operations can potentially reduce and/or mitigate risks, but it is still difficult and costly to prepare prac-
tically for infrequent but catastrophic events and their consequences. This type of event should be dealt with and 
prepared for by the public sector, i.e. various levels of government, through several means, such as regulations, 
subsidies, taxation, and so forth.

Some risk transfer mechanisms, for instance disaster insurance, should be considered together with RM and 
BCM. In the EU, disaster finance has been increasingly linked with insurance regulations (Botzen, 2013), climate 
change adaptation strategies (van Renssen, 2013) and a joint compensation scheme between Member States 
(Hochrainer et al., 2010). For developing such insurance mechanisms and joint compensation schemes for future 
disaster situations, detailed information on the probabilities of natural hazard occurrence and estimates of po-
tential damage are essential (Jongman et al., 2014).

Because manufacturing and energy industries are a vital part of economies and because of the intersections 
of broad production factors (resources, intermediate inputs, labour, land, and money) across industries and over 
space, the implementation of RM and BCM requires a multidisciplinary perspective, involving engineers, man-
agement, finance, economists, and environmentalists. Since the higher-order effects could spread over an entire 
economic system in different ways, and in case environmental damage also results, it is vital to define, and po-
tentially legislate about, to what extent these companies should be responsible in a disaster situation.

Practitioners 

Policymakers should legislate and implement the countermeasures against disaster risks that these industries 
face both in the pre-event phase (regulations for handling hazardous material, pre-arrangement of compen-
sation schemes, mandatory insurance, mandatory RM and BCM, etc.) and in the post-event phase (disaster 
relief, macroeconomic stabilisation, evacuation strategy, etc.), based on the findings and insights from scientific 
findings of disaster research.

Policymakers

 Practitioners of risk management should support the efforts of these industries to install and maintain RM and
 BCM in each firm, encourage and help drills in the pre-event phase, and assist the operation of RM and BCM in
.the post-event phase
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In conclusion, each stakeholder has the following roles for dealing with the disaster risks that manufacturing and 
energy industries face.

More importantly, these four groups of stakeholders should work together to achieve the creation of a sustainable 
society and economy.

Scientists should work together in a multidisciplinary way to understand and anticipate the risks in these indus-
tries and provide perspectives and/or devise countermeasures that mitigate the risks and the consequences. 
More importantly, these four groups of stakeholders should work together to achieve the creation of a sustain-
able society and economy.

Scientists

Citizens need to be aware of the risks that these industries face and their impacts on society, and to understand 
how they can be affected both as workers (supply side) and as consumers (demand side).

Citizens



288

References 

Introduction 

Aizenman, J., Hutchison, M., Lothian, J., 2013, ‘The European sovereign debt crisis: Background and perspectives, overview of the special 
issue’, Journal of International Money and Finance, Vol. 34, pp. 1–5, doi: https://doi.org/10.1016/j.jimonfin.2012.11.001.

European Commission, 2020, ‘Datasets, ESM 2015-2019’, https://ghsl.jrc.ec.europa.eu/esm_R2019.php. 

Eurostat, 2020, ‘Gross fixed capital formation by AN_F6 asset type, https://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=nama_10_
an6&lang=en

Moore, F. C., Lobell, D. B., 2014, ‘Adaptation potential of European agriculture in response to climate change’, Nature Climate Change, 
Vol. 4, pp. 610–614, doi: https://doi.org/10.1038/nclimate2228.

Mysiak, J., Perez-Blanco, D., 2015, ‘Partnerships for affordable and equitable disaster insurance’, Natural Hazards and Earth System 
Sciences Discussions, Vol. 3, pp. 4797–4832.

Rose, A., 2004, ‘Defining and measuring economic resilience to disasters’, Disaster Prevention and Management, Vol. 13, No 4, pp. 307–
314, doi: https://doi.org/10.1108/09653560410556528.

Sabo, F., Corban, C., Politis, P., Kemper, T., The European Settlement Map 2019 release, EUR 29886 EN, Publications Office of the European 
Union, Luxembourg.

Schlenker, W., Roberts, M. J., 2011, ‘Nonlinear temperature effects indicate severe damages to U.S. crop yields under climate change’, 
Proceedings of the National Academy of Sciences of the United States of America, Vol. 106, pp. 15594–15598.

UN, 2015, Sendai Framework for Disaster Risk Reduction 2015–2030, A/CONF.224/CRP.1, 18 March.

Ureche-Rangau, L., Burietz, A., 2013, ‘One crisis, two crises … the subprime crisis and the European sovereign debt problems’, Economic 
Modelling, Vol. 35, pp. 35–44, doi: https://doi.org/10.1016/j.econmod.2013.06.026.

Van Passel, S., Massetti, E., Mendelsohn, R., 2017, ‘A Ricardian analysis of the impact of climate change on European agriculture’, 
Environmental and Resource Economics, Vol. 67, pp. 725–760, doi: https://doi.org/10.1007/s10640-016-0001-y

3.3.1 Residential sector

Anagnostopoulos, S., Moretti, M., 2006a, ‘Post-earthquake emergency assessment of building damage, safety and usability – Part 1: 
Technical issues’, Soil Dynamics and Earthquake Engineering, Vol. 28, pp. 223–232.

Anagnostopoulos, S., Moretti, M., 2006b, ‘Post-earthquake emergency assessment of building damage, safety and usability – Part 2: 
Organisation’, Soil Dynamics and Earthquake Engineering, Vol. 28, pp. 233–244.

ATC, 2005a, ATC-20–1 – Field Manual: Post-earthquake safety evaluation of buildings, 2nd ed., Applied Technology Council, Redwood, CA.

ATC, 2005b, ATC-20–2 – Addendum to the ATC-20 post-earthquake building safety evaluation procedures, Applied Technology Council, 
Redwood, CA.

Baggio, C., Bernardini, A., Colozza, R., Corazza, L, Della Bella, M., Di Pasquale, G., Dolce, M., Goretti, A., Martinelli, A., Orsini, G., Papa, F., 
Zuccaro, G., 2007, Field manual for post-earthquake damage and safety assessment and short term countermeasures (AeDES), 
EUR 22868 EN, Publications Office of the European Union, Luxembourg.

Ballio, F., Molinari, D., Minucci, G., Mazuran, M., Arias Munoz, C., Menoni, S., Atun, F., Ardagna, D., Berni, N., Pandolfo, C., 2015, ‘The RISPOSTA 
procedure for the collection, storage and analysis of high quality, consistent and reliable damage data in the aftermath of floods’, 
Journal of Flood Risk Management, Vol. 11, pp. S604–S615.

Başbuğ‐Erkan, B., Yilmaz, O., 2015, ‘Successes and failures of compulsory risk mitigation: Re‐evaluating the Turkish Catastrophe Insurance 
Pool’, Disasters, Vol. 39, No 4, pp. 782–794.

Beltrán, A., Maddison, D., Elliott, R.J.R., 2018, ‘Is flood risk capitalised into property values?’, Ecological Economics, Vol. 146, pp. 668–685.

https://doi.org/10.1016/j.jimonfin.2012.11.001
https://ghsl.jrc.ec.europa.eu/esm_R2019.php
 https://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=nama_10_an6&lang=en 
 https://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=nama_10_an6&lang=en 
https://doi.org/10.1038/nclimate2228
https://doi.org/10.1108/09653560410556528
https://doi.org/10.1016/j.econmod.2013.06.026
https://doi.org/10.1007/s10640-016-0001-y


CHAPTER 3   ASSETS AT RISK AND POTENTIAL IMPACTS 

289

Berni, N., Molinari, D., Ballio, F., Minucci, G., Arias, C., 2017, ‘Best practice of data collection at the local scale: The RISPOSTA procedure’, in: 
Molinari, D., Ballio, F. Menoni, S. (eds.), Flood Damage Survey and Assessment: New insights from research and practice, pp. 79-94 
Wiley, Hoboken, USA

Cacace, F., Zuccaro, G., De Gregorio, D., Perelli, F. L., 2018, ‘Building inventory at national scale by evaluation of seismic vulnerability 
classes distribution based on Census data analysis: BINC procedure’, International Journal of Disaster Risk Reduction, Vol. 28, 
pp. 384–393.

Casagli, N., Guzzetti, F., Jaboyedoff, M., Nadim, F., Petley, D., 2017, ‘Hydrological risk: Landslides’, in: Poljanšek, K., Marin Ferrer, M., De 
Groeve, T., Clark, I. (eds.), Science for Disaster Risk Management 2017: Knowing better and losing less, Publications Office of the 
European Union, Luxembourg, pp.  209–218.

CCR, n.d., ‘Caisse Centrale de Réassurance, Natural disasters compensation scheme’, https://www.ccr.fr/en/-/indemnisation-des-
catastrophes-naturelles-en-france. 

CCS, n.d., ‘Consorcio de Compensación de Seguros’, https://www.consorseguros.es. 

CEA, n.d., ‘California Earthquake Authority’, https://www.earthquakeauthority.com/. 

Charvet, I., Macabuag, J., Rossetto, T., 2017, ‘Estimating tsunami-induced building damage through fragility functions: Critical review and 
research needs’, Frontiers in Built Environment, Vol. 3.

Cloke, H., di Baldassare, G., Landeg, O., Pappenberger, F., Ramos, M. H., 2017, ‘Hydrological risk: Floods’, in: Poljanšek, K., Marin Ferrer, M., 
De Groeve, T., Clark, I. (eds.), Science for Disaster Risk Management 2017: Knowing better and losing less, Publications Office of 
the European Union, Luxembourg, pp. 198–208.

CNR, n.d., ‘Consiglio Nazionale delle Ricerche, Istituto di Ricerca per la Protezione Idrogeologica’, http://geomorphology.irpi.cnr.it/tools/land-
defend-database-structure. 

Copernicus Emergency Management Service, 2016, [EMSR177] Amatrice Aerial: Grading map, v2.

CRED, n.d., ‘EM-DAT: The international disaster database’, https://www.emdat.be/. 

Crowley, H., Özcebe, S., Spence, R., Foulser-Piggott, R., Erdik, M., Alten, K., 2012, ‘Development of a European building inventory database’, 
in: Proceedings of the 15th World Conference on Earthquake Engineering, Lisbon, Portugal.

Crowley, H., Rodrigues, D., Despotaki, V., Silva, V., Covi, P., Pitilakis, K., Pitilakis, D., Riga, E., Karatzetzou, A., Romão, X., Castro, J. M., Pereira, 
N., Hancilar, U., 2018, ‘Methods for developing European residential exposure models’, SERA deliverable D26.2.

Cruz, S., Sousa, M. L., Coelho, E., Baptista, M. A., 2014, ‘Contribuição para a definição de procedimentos de inspeção de edifícios correntes 
após um sismo’, in: Proceedings of the 5th Jornadas Portuguesas de Engenharia de Estruturas, Lisbon, Portugal.

Dall’Osso, F., Dominey-Howes, D., Tarbotton, C., Summerhayes, S., Withycombe, G., 2016, ‘Revision and improvement of the PTVA-3 
model for assessing tsunami building vulnerability using “international expert judgment”: Introducing the PTVA-4 model’, Natural 
Hazards, Vol. 83, No 2, pp. 1229–1256.

De Groeve, T., Poljansek, K., Ehrlich, D., 2013, Recording Disaster Losses: Recommendations for a European approach, EUR 26111 EN, 
Publications Office of the European Union, Luxembourg.

De Groeve, T., Poljansek, K., Ehrlich, D., Corbane, C., 2014, Current status and best practices for disaster loss data recording in EU Member 
States: A comprehensive overview of current practice in the EU Member States, EUR 26879 EN, Publications Office of the European 
Union, Luxembourg.

De Groeve, T., Corbane, C., Ehrlich, D., 2015, Guidance for recording and sharing disaster damage and loss data: Towards the development 
of operational indicators to translate the Sendai Framework into action, EUR 27192 EN, Publications Office of the European Union, 
Luxembourg.

De Martino, G., Di Ludovico, M., Prota, A., Moroni, C., Manfredi, G., Dolce, M., 2017, ‘Estimation of repair costs for RC and masonry 
residential buildings based on damage data collected by post-earthquake visual inspection’, Bulletin of Earthquake Engineering, 
Vol. 15, No 4, pp. 1681–1706.

Del Soldato, M., Bianchini, S., Calcaterra, D., De Vita, P., Di Martire, D., Tomas, R., Casagli, N., 2017, ‘A new approach for landslide induced 

https://www.ccr.fr/en/-/indemnisation-des-catastrophes-naturelles-en-france
https://www.ccr.fr/en/-/indemnisation-des-catastrophes-naturelles-en-france
https://www.consorseguros.es
https://www.earthquakeauthority.com/
http://geomorphology.irpi.cnr.it/tools/land-defend-database-structure
http://geomorphology.irpi.cnr.it/tools/land-defend-database-structure
https://www.emdat.be/


290

damage assessment’, Geomatics, Natural Hazards and Risk, Vol. 8, No 2, pp. 1524–1537.

Dottori, F., Figueiredo, R., Martina, M. L. V., Molinari, D., Scorzini, A., 2016, ‘INSYDE: A synthetic, probabilistic flood damage model based on 
explicit cost analysis’, Natural Hazards and Earth System Sciences, Vol. 16, pp. 2577–2591.

DRMKC, n.d., ‘Risk Data Hub’,   https://drmkc.jrc.ec.europa.eu/risk-data-hub/ 

Du, J., Yin, K., Lacasse, S., Nadim, F., 2014, ‘Quantitative vulnerability estimation of structures for individual landslide: application to the 
metropolitan area of San Salvador, El Salvador’, Electronic Journal of Geotechnical Engineering, Vol. 19, pp. 1251–1264.

Duran, N., 2017, ‘The effect of small earthquakes on housing prices in the north of the Netherland: A spatio-temporal-similarity approach’, 
in: Proceedings of the 24th Annual European Real Estate Society Conference, Delft, Netherlands.

El Moussaoui, S., Omira, R., Zaghloul, M. N., El Talibi, H. E., Aboumaria, K., 2017, ‘Tsunami hazard and buildings vulnerability along the 
Northern Atlantic coast of Morocco – The 1755-like tsunami in Asilah test-site’, Geoenvironmental Disasters, Vol. 4, No 25, 
pp. 1–14.

EEFIT-TDMRC, 2019, ‘The EEFIT-TDMRC 28th September 2018 Sulawesi, Indonesia earthquake and tsunami field report’, Earthquake 
Engineering Field Investigation Team. Available at:  https://www.istructe.org/IStructE/media/Public/Resources/report-eefit-mission-
sulawesi-indonesia-20200214.pdf 

EQC, n.d., ‘About EQC’, https://www.eqc.govt.nz/about-eqc. 

Eurocodes, n.d., ‘Eurocodes – Building the future’, https://eurocodes.jrc.ec.europa.eu/.

European Commission, 2013, Staff Working Document. Adapting infrastructure to climate change, SWD(2013) 137 final.

European Commission, 2016, ‘Satellite and aerial images reveal full extent of destruction following Italy’s earthquake’, https://emergency.
copernicus.eu/mapping/ems/satellite-and-aerial-images-reveal-full-extent-destruction-following-italy%E2%80%99s-earthquake 

FEMA, 2017, P-366, Hazus®: Estimated annualized earthquake losses for the United States, Federal Emergency Management Agency, 
Washington, DC.

FEMA, 2018, Multi-hazard loss estimation methodology earthquake model Hazus®–MH 2.1 user manual, Federal Emergency Management 
Agency, Washington, DC.

FEMA, n.d., ‘National Flood Insurance Program’, https://www.floodsmart.gov/. 

Flood-IMPAT+, n.d., ‘An integrated meso & micro scale procedure to assess territorial flood risk’, http://www.floodimpatproject.polimi.it/. 

Flood Re, n.d., ‘Flood Re’, https://www.floodre.co.uk/. 

Foster, A. S. J., Rossetto, T., Allsop, W., 2017, ‘An experimentally validated approach for evaluating tsunami inundation forces on 
rectangular buildings’, Coastal Engineering, Vol. 128, pp. 44–57.

Fotopoulou, S. D., Callerio, A., Pitilakis, K. D., 2013, ‘Vulnerability assessment of RC buildings to landslide displacements: Application to 
Corniglio case history, Italy’, in: Papadrakakis, M., Papadopoulos, V., Plevris V., (eds.), Proceedings of the 4th ECCOMAS Thematic 
Conference on Computational Methods in Structural Dynamics and Earthquake Engineering, Kos, Greece, pp. 3736–3753.

Galliani M., Molinari D., Ballio F., 2020, ‘Brief communication: simple-INSYDE, development of a new tool for flood damage evaluation 
from an existing synthetic model’, Nat. Hazards Earth Syst. Sci. Discuss., Vol. 20, No 11, pp. 2937–2941.

Gamba, P., 2014, Global Exposure Database: Scientific features, GEM Technical Report 2014-10, GEM Foundation, Pavia.

García, A., Cardona, M., 2003, Procedimientos para la inspección de edificaciones después de un sismo, Asociación Colombiana de 
Inginiería Sísmica, Colombia.

Garcia-Aristizabal, A., Marzocchi, W., Di Ruocco, A., 2013, ‘Assessment of hazard interactions in a multi-risk framework’, MATRIX 
Deliverable D3.4.

Garcia-Aristizabal, A., Gasparini, P., Uhinga, G., 2015, ‘Multi-risk assessment as a tool for decision-making’, in: Pauleit, S., Coly, A., 
Fohlmeister, S., Gasparini, P., Jørgensen, G., Kabisch, S., Kombe, W. J., Lindley, S., Simonis, I., Yeshitela, K. (eds.), Urban Vulnerability 
and Climate Change in Africa, Springer, pp. 229–258.

Grezio, A., Gasparini, P., Marzocchi, W., Patera, A., Tinti, S., 2012, ‘Tsunami risk assessments in Messina, Sicily – Italy’, Natural Hazards and 
Earth System Sciences, Vol. 12, pp. 151–163.

https://drmkc.jrc.ec.europa.eu/risk-data-hub/ 
https://www.istructe.org/IStructE/media/Public/Resources/report-eefit-mission-sulawesi-indonesia-20200214.pdf
https://www.istructe.org/IStructE/media/Public/Resources/report-eefit-mission-sulawesi-indonesia-20200214.pdf
https://www.eqc.govt.nz/about-eqc
https://eurocodes.jrc.ec.europa.eu/
https://emergency.copernicus.eu/mapping/ems/satellite-and-aerial-images-reveal-full-extent-destruction-following-italy%E2%80%99s-earthquake
https://emergency.copernicus.eu/mapping/ems/satellite-and-aerial-images-reveal-full-extent-destruction-following-italy%E2%80%99s-earthquake
https://www.floodsmart.gov/
http://www.floodimpatproject.polimi.it/
https://www.floodre.co.uk/


CHAPTER 3   ASSETS AT RISK AND POTENTIAL IMPACTS 

291

Grünthal, G., Thieken, A.H., Schwarz, J., Radtke, K.S., Smolka A., Merz, B., 2006, ‘Comparative risk assessments for the city of Cologne – 
Storms, floods, earthquakes’, Natural Hazards, Vol. 38, pp. 21–44.

Hu, K. H., Cui, P., Zhang, J. Q., 2012, ‘Characteristics of damage to buildings by debris flow on 7 August 2010 in Zhouqu, Western China’, 
Natural Hazards and Earth System Sciences, Vol. 12, pp. 2209–2217.

IDEA project – Deliverable D4, Deliverable D.4: Cost/benefit analysis of mitigation measures to pilot firms/infrastructure in UK and Italy, 
2006, http://www.ideaproject.polimi.it/wp-content/uploads/2016/08/Del_D4_Cost-benefit-analysis.pdf 

IPCC, 2014, Climate Change 2014: Synthesis report, Intergovernmental Panel on Climate Change, Geneva.

Jaiswal, K., Wald, D., Porter, K., 2010, ‘A global building inventory for earthquake loss estimation and risk management’, Earthquake 
Spectra, Vol. 26, No 3, pp. 731–748.

Jakob, M., Stein, D., Ulmi, M., 2012, ‘Vulnerability of buildings to debris flow impact’, Natural Hazards, Vol. 60, No 2, pp. 241–261.

Junttila, K., Zuccaro, G., 2007, ‘Report on simulation’, Snowball Deliverable 7.2.

Kang, H., Kim, Y., 2016, ‘The physical vulnerability of different types of building structure to debris flow events’, Natural Hazards, Vol. 80, 
No 3, pp. 1475–1493.

Kappes, M. S., Keiler, M., von Elverfeldt, K., Glade, T., 2012, ‘Challenges of analyzing multi-hazard risk: A review’, Natural Hazards, Vol. 64, 
No 2, pp. 1925–1958.

Kenny, C., 2009, ‘Why do people die in earthquakes? The costs, benefits and institutions of disaster risk reduction in developing countries’, 
World Bank Policy Research Working Paper, Washington, DC.

Khazai, B., Daniell, J. E., Düzgün, S., Kunz-Plapp, T., Wenzer, F., 2014, ‘Framework for systemic socioeconomic vulnerability and loss 
assessment’, in: Pitilakis, K., Franchin, P., Khazai, B., Wenzel, H. (eds.), SYNER-G: Systemic seismic vulnerability and risk assessment 
of complex urban, utility, lifeline systems and critical facilities, Springer, Dordrecht, pp. 89–130.

Kreibich, H., Thieken, A., Haubrock, S., Schröter, K., 2017, ‚HOWAS21, the German flood damage database’, in: Molinari, D., Ballio, F., Menoni, 
S. (eds.), Flood Damage Survey and Assessment: New insights from research and practice, pp. 65-75, Wiley, Hoboken, USA.

Kousky, C., 2019, ‘The role of natural disaster insurance in recovery and risk reduction’, Annual Review of Resource Economics, Vol. 11, 
pp. 399–418.

Loughlin, S., Barsotti, S., Bonadonna, C., Calder, E., 2017, ‘Geophysical risk: Volcanic activity’, in: Poljanšek, K., Marin Ferrer, M., De Groeve, 
T., Clark, I. (eds.), Science for Disaster Risk Management 2017: Knowing better and losing less, Publications Office of the European 
Union, Luxembourg, pp. 151–163.

Løvholt, F., Glimsdal, S., Harbitz, C. B., Horspool, N., Smebye, H., De Bono, A., Nadim, F., 2014, ‘Global tsunami hazard and exposure due to 
large co-seismic slip’, International Journal of Disaster Risk Reduction, Vol. 10, pp. 406–418.

Macabuag, J., Rossetto, T., Ioannou, I., Suppasri, A., Sugawara, D., Adriano, B., Imamura, F., Eames, I., Koshimura, S., 2016, ‘A proposed 
methodology for deriving tsunami fragility functions for buildings using optimum intensity measures’, Natural Hazards, Vol. 84, 
No 2, pp. 1257–1285.

Martins, L., Silva, V., Marques, M., Crowley, H., Delgado, R., 2016, ‘Development and assessment of damage-to-loss models for moment-
frame reinforced concrete buildings’, Earthquake Engineering and Structural Dynamics, Vol. 45, No 5, pp. 797–817.

Marzocchi, W., Mastellone, M. L., Di Ruocco, A., Novelli, P., Romeo, E., Gasparini, P., 2009, Principles of Multi-risk Assessment: Interaction 
amongst natural and man-induced risks, Publications Office of the European Union, Luxembourg.

Mavrouli, O., Corominas, J., 2010, ‘Vulnerability of simple reinforced concrete buildings to damage by rockfalls’, Landslides, Vol. 7, No 2, 
pp. 169–180.

Menoni, S., Molinari, D., Ballio, F., Minucci, G., Atun, F., Berni, N., Pandolfo, C., 2016, ‘Flood damage: A model for consistent, complete and 
multi-purpose scenarios’, Natural Hazards and Earth System Sciences, Vol. 16, pp. 2783–2797.

Merz, B., Kreibich, H., Schwarze, R., Thieken, A., 2010, ‘Assessment of economic flood damage’, Natural Hazards and Earth System 
Sciences, Vol. 10, pp. 1697–1724.

Merz, B., Kreibich, H., Lall, U., 2013, ‘Multi-variate flood damage assessment: A tree-based data-mining approach’, Natural Hazards and 
Earth System Sciences, Vol. 13, No 1, pp. 53–64.

http://www.ideaproject.polimi.it/wp-content/uploads/2016/08/Del_D4_Cost-benefit-analysis.pdf


292

MLIT, n.d., ‘Ministry of Land, Infrastructure and transportation: Survey of tsunami damage condition’, https://www.mlit.go.jp/toshi/toshi-
hukkou-arkaibu.html 

Molinari, D., Scorzini, A., 2017, ‘On the influence of input data quality to flood damage estimation: The performance of the INSYDE model’, 
Water, Vol. 9, No 9.

Molinari, D., Menoni, S., Aronica, G. T., Ballio, F., Berni, N., Pandolfo, C., Stelluti, M., Minucci, G., 2014, ‘Ex-post damage assessment: An Italian 
experience’, Natural Hazards and Earth System Sciences, Vol. 14, pp. 901–916.

Mota de Sá, F., Ferreira, M., Oliveira, C. S., 2016, ‘QuakeIST® earthquake scenario simulator using interdependencies’, Bulletin of Earthquake 
Engineering, Vol. 14, No 7, pp. 2047–2067.

Munich Re, n.d., ‘NatCatSERVICE’, https://www.munichre.com/en/solutions/for-industry-clients/natcatservice.html. 

Mysiak, J., Bresch, D., Peréz Blanco, D., Simmons, D., Surminski, S., 2017, ‘Risk transfer and financing’, in: Poljanšek, K., Marin Ferrer, M., De 
Groeve, T., Clark, I. (eds.), Science for Disaster Risk Management 2017: Knowing better and losing less, Publications Office of the 
European Union, Luxembourg, pp. 489–499.

Nakagawa, M., Saito, M., Yamaga, H., 2009, ‘Earthquake risks and land prices: Evidence from the Tokyo metropolitan area’, Japanese 
Economic Review, Vol. 60, No 2, pp. 208–222.

Naoi, M., Seko, M., Ishino T., 2012, ‘Earthquake risk in Japan: Consumers’ risk mitigation responses after the Great East Japan earthquake’, 
Journal of Economic Issues, Vol. 46, No 2, pp. 519–530.

Napolitano, E., Marchesini, I., Salvati, P., Donnini, M., Bianchi, C., Guzzetti, F., 2018, ‘LAND-deFeND – An innovative database structure for 
landslides and floods and their consequences’, Journal of Environmental Management, Vol. 207, pp. 203–218.

NZSEE, 2009, Building safety evaluation during a state of emergency: Guidelines for territorial authorities, New Zealand Society for 
Earthquake Engineering, New Zealand.

Ortega, F., Taṣpınar, S., 2018, ‘Rising sea levels and sinking property values: Hurricane Sandy and New York’s housing market’, Journal of 
Urban Economics, Vol. 106, pp. 81–100.

Papadopoulos, G., Lorito, S., Løvholt, F., Rudloff, A., Schindelé, F., 2017, ‘Geophysical risk: Tsunamis’, in: Poljanšek, K., Marin Ferrer, M., De 
Groeve, T., Clark, I. (eds.), Science for Disaster Risk Management 2017: Knowing better and losing less, Publications Office of the 
European Union, Luxembourg, pp. 164–178.

Papathoma, M., Dominey-Howes, D., 2003, ‘Tsunami vulnerability assessment and its implications for coastal hazard analysis and disaster 
management planning, Gulf of Corinth, Greece’, Natural Hazards and Earth System Sciences, Vol. 3, No 6, pp. 733–747.

Papathoma-Köhle, M., Gems, B., Sturm, M., Fuchs, S., 2017, ‘Matrices, curves and indicators: A review of approaches to assess physical 
vulnerability to debris flows’, Earth-Science Reviews, Vol. 171, pp. 272–288.

Park, H., Cox, D. T., Barbosa, A. R., 2017, ‘Comparison of inundation depth and momentum flux based fragilities for probabilistic tsunami 
damage assessment and uncertainty analysis’, Coastal Engineering, Vol. 122, pp. 10–26.

Pascale, S., Sdao, F., Sole, A., 2010, ‘A model for assessing the systemic vulnerability in landslide prone areas’, Natural Hazards and Earth 
System Sciences, Vol. 10, pp. 1575–1590.

Petrone, C., Rossetto, T., Goda, K., 2017, ‘Fragility assessment of a RC structure under tsunami actions via nonlinear static and dynamic 
analyses’, Engineering Structures, Vol. 136, pp. 36–53.

Pitilakis, K., Crowley, H., Kaynia, A. (eds.), 2014a, SYNER-G: Typology definition and fragility functions for physical elements at seismic risk, 
Springer, Dordrecht.

Pitilakis, K., Franchin, P., Khazai, B., Wenzel, H. (eds.), 2014b, SYNER-G: Systemic seismic vulnerability and risk assessment of complex 
urban, utility, lifeline systems and critical facilities, Springer, Dordrecht.

Pitt, M., 2008, The Pitt Review – Learning lessons from the 2007 floods, Cabinet Office, London.

Politecnico di Milano and Regione Umbria, 2015, Lo scenario di danno in seguito all’alluvione di Novembre 2012 nella Regione Umbria: I 
risultati dell’attività di rilievo e analisi dei danni.

Politecnico di Milano and Regione Umbria, 2018, Lo scenario di danno in seguito all’alluvione di Novembre 2013 nella Regione Umbria: I 
risultati dell’attività di rilievo e analisi dei danni.

https://www.mlit.go.jp/toshi/toshi-hukkou-arkaibu.html
https://www.mlit.go.jp/toshi/toshi-hukkou-arkaibu.html
https://www.munichre.com/en/solutions/for-industry-clients/natcatservice.html


CHAPTER 3   ASSETS AT RISK AND POTENTIAL IMPACTS 

293

Quan Luna, B., Blahut, J., van Westen, C. J., Sterlacchini, S., van Asch, T. W. J., Akbas, O., 2011, ‘The application of numerical debris flow 
modelling for the generation of physical vulnerability curves’, Natural Hazards and Earth System Sciences, Vol. 11, pp. 2047–2060.

Ranghieri, F., Ishiwatari, M. (eds.), 2014, Learning from Megadisasters, World Bank, Washington, DC.

Roldán, J., Carrillo, S., Ganados, J., Ruiz, D. Sánchez, F. J., 2013, ‘Protocolo técnico de actuación tras los terremotos en Lorca del 11 de 
mayo de 2011’, Hormigón y Acero, Vol. 64, No 269, pp. 63–76.

Rossetto, T., Peiris, N., Pomonis, A., Wilkinson, S. M., Del Re, D., Koo, R., Gallocher, S., 2007, ‘The Indian Ocean tsunami of 26 December 
2004: Observations in Sri Lanka and Thailand’, Natural Hazards, Vol. 42, No 1, pp. 105–124.

Rossetto, T., Petrone, C., Eames, I., De La Barra, C., Foster, A., Macabuag, J., 2018, ‘Advances in the assessment of buildings subjected to 
earthquakes and tsunami’, in: Pitilakis, K. (ed.), Recent advances in earthquake engineering in Europe: 16th European conference 
on earthquake engineering – Thessaloniki 2018, Springer, pp. 545–562.

Santos, R., 2011, ‘Sistemas de gestão de risco em caso de catástrofes naturais – Fichas de inspeção pós-Sismo’, master’s dissertation, 
Department of Civil Engineering, Universidade de Aveiro, Aveiro.

Schneiderbauer, S., Calliari, E., Eidsvig, U., Hagenlocher, M., 2017, ‘The most recent view of vulnerability’, in: Poljanšek, K., Marin Ferrer, M., 
De Groeve, T., Clark, I. (eds.), Science for Disaster Risk Management 2017: Knowing better and losing less, Publications Office of 
the European Union, Luxembourg, pp. 70–84.

Silva, V., Dolce, M., Danciu, L., Rossetto, T., Weatherill, G., 2017, ‘Geophysical risk: Earthquakes’, in: Poljanšek, K., Marin Ferrer, M., De 
Groeve, T., Clark, I. (eds.), Science for Disaster Risk Management 2017: Knowing better and losing less, Publications Office of the 
European Union, Luxembourg, pp. 138–150.

Silva, V., Henshaw, P., Huyck, C., O’Hara, M., 2018, ‘Global exposure database for multi-hazard risk analysis’, GEM Technical Report 2018-
05, GEM Foundation, Pavia.

Spence, R. J. S., Baxter, P. J., Zuccaro, G., 2004a, ‘Building vulnerability and human casualty estimation for a pyroclastic flow: A model and 
its application to Vesuvius’, Journal of Volcanology and Geothermal Research, Vol. 133, No 1–4, pp. 321–343.

Spence, R., Zuccaro, G., Petrazzuoli, S., Baxter, P. J., 2004b, ‘The resistance of buildings to pyroclastic flows: Theoretical and experimental 
studies in relation to Vesuvius’, ASCE Natural Hazards Review, Vol. 5, No 1, pp. 48–59.

Spence, R., Kelman, I., Baxter, P. J., Zuccaro, G., Petrazzuoli, S., 2005, ‘Residential building and occupant vulnerability to tephra fall’, Natural 
Hazards and Earth System Sciences, Vol. 5, No 4, pp. 477–494.

Sterlacchini, S., Akbas, O., Blahut, J., Mavrouli, O., Garcia, C., Luna, B.Q., Corominas, J., 2014, ‘Methods for the characterization of the 
vulnerability of elements at risk’, in: Van Asch, T., Corominas, J., Greiving, S., Malet, J. P., Sterlacchini, S. (eds.), Mountain Risks: From 
prediction to management and governance, Springer, Dordrecht, pp. 233-273.

Suppasri, A., Mas, E., Koshimura, S., Imai, K., Harada, K., Imamura, F., 2012, ‘Developing tsunami fragility curves from the surveyed data 
of the 2011 Great East Japan tsunami in Sendai and Ishinomaki plains’, Coastal Engineering Journal, Vol. 54, No 1, pp. 1250008-
1–1250008-16.

Swiss Re, 2018, Natural Catastrophes and Man-made Disasters in 2017: A year of record-breaking losses, Swiss Re Institute, Zurich.

Swiss Re, n.d., ‘sigma explorer’, https://www.swissre.com/institute/research/sigma-research/data-explorer.html. 

Thieken, A. H., Muller, M., Kreibich, H., Merz, B., 2005, ‘Flood damage and influencing factors: New insights from the August 2002 flood in 
Germany’, Water Resourources Research, Vol. 41, W12430, doi:10.1029/2005WR004177.

Thieken, A. H., Kreibich, H., Müller, M., Merz, B., 2007, ‘Coping with floods: Preparedness, response and recovery of flood-affected residents 
in Germany in 2002’, Hydrological Sciences Journal, Vol. 52, No 5, pp. 1016–1037.

Thieken, A. H., Olschewski, A., Kreibich, H., Kobsch, S., Merz, B., 2008, ‘Development and evaluation of FLEMOps – A new Flood Loss 
Estimation MOdel for the private sector’, WIT Transactions on Ecology and the Environment, Vol. 118, pp. 315–324.

Tohoku Earthquake Tsunami Joint Survey Group, 2011, ‘Nationwide field survey of the 2011 off the pacific coast of Tohoku Earthquake 
Tsunami’, Journal of the Japan Society of Civil Engineering Ser. B2, Vol. 67, No 1, pp. 63–66.

UNDRR, n.d., ‘DesInventar as a disaster information management system’, https://www.desinventar.net/whatisdesinventar.html. 

UNDRO, 1980, Natural Disasters and Vulnerability Analysis: Report of expert group meeting, 9–12 July 1979, United Nations Disaster 

https://www.swissre.com/institute/research/sigma-research/data-explorer.html
https://www.desinventar.net/whatisdesinventar.html


294

Relief Organization (UNDRO), Geneva.

UNESO, 2010, ‘Tsunami questionnaire 27 February 2010 Chile Tsunami’, UNESCO IOC International Tsunami Information Centre, World 
Data Center for Solid Earth Geophysics – Tsunamis and U.S. Geological Survey, National Earthquake Information Center, http://itic.
ioc-unesco.org/images/docs/itic_tsunamiquestionnaire_feb10.pdf. 

UNISDR, 2015a, Sendai Framework for Disaster Risk Reduction 2015–2030, United Nations International Strategy for Disaster Risk 
Reduction, Geneva.

UNISDR, 2015b, 2015 Global Assessment Report on Disaster Risk Reduction, United Nations International Strategy for Disaster Risk 
Reduction, Geneva.

United Kingdom, Government, n.d., ‘Government response to the Pitt Review’, https://www.gov.uk/government/collections/government-
response-to-the-pitt-review. 

Vicente, R., Parodi, S., Lagomarsino, S., Varum, H., Mendes Silva, J. A. R., 2011, ‘Seismic vulnerability and risk assessment: case study of the 
historic city centre of Coimbra, Portugal’, Bulletin of Earthquake Engineering, Vol. 9, No 4, pp. 1067–1096.

World Bank, 2015, Building Regulation for Resilience: Managing risks for safer cities, World Bank Group, Washington, DC.

World Bank, 2018, World Reconstruction Conference 3 ‘Promoting resilience through post-crisis recovery’, World Bank Group, Washington, 
DC.

Yepes-Estrada, C., Silva, V., Rossetto, T., D’Ayala, D., Ioannou, I., Meslem, A., Crowley, H., 2016, ‘The global earthquake model physical 
vulnerability database’, Earthquake Spectra, Vol. 32, No 4, pp. 2567–2585.

Zhang, J., Guo, Z. X., Wang, D., Qian, H., 2016, ‘The quantitative estimation of the vulnerability of brick and concrete wall impacted by an 
experiment boulder’, Natural Hazards and Earth System Sciences, Vol. 16, pp. 299–309.

Zio, E., 2018, ‘The future of risk assessment’, Reliability Engineering & System Safety, Vol. 177, pp. 176–190.

Zschau, J., 2017, ‘Where are we with multihazards, multirisks assessment capacities?’, in: Poljanšek, K., Marin Ferrer, M., De Groeve, T., 
Clark, I. (eds.), Science for Disaster Risk Management 2017: Knowing better and losing less, Publications Office of the European 
Union, Luxembourg, pp. 98–115.

Zuccaro, G., De Gregorio, D., 2013, ‘Time and space dependency in impact damage evaluation of a sub-Plinian eruption at Mount 
Vesuvius’, Natural Hazards, Vol. 68, No 3, pp. 1399–1423.

Zuccaro, G., De Gregorio, D., 2019, ‘Impact assessments in volcanic areas – The Vesuvius and Campi Flegrei cases studies’, Annals of 
Geophysics, Vol. 62, No 1.

Zuccaro, G., Dolce, M., De Gregorio, D., Speranza, E., Moroni, C., 2015, ‘La scheda Cartis per la caratterizzazione tipologico- strutturale dei 
comparti urbani costituiti da edifici ordinari. Valutazione dell’esposizione in analisi di rischio sismico, vulcanico ed iIdrogeologico’, 
in: Proceedings of the 34th GNGTS National Conference, Trieste, Italy, pp. 281–287.

Zuccaro, G., Leone, M. F., Del Cogliano, D., Sgroi, A., 2013, ‘Economic impact of explosive volcanic eruptions: A simulation-based 
assessment model applied to Campania region volcanoes’, Journal of Volcanology and Geothermal Research, Vol. 266, No 1, 
pp. 1–15.

Zuccaro, G., De Gregorio, D., Leone, M., 2018a, ‘Theoretical model for cascading effects analyses’, International Journal of Disaster Risk 
Reduction, Vol. 30, No B, pp. 199–215.

Zuccaro, G., Leone, M. F., Martucci, C., Grandjean, G., Lauta, K. C. (eds.), 2018b, ‘ESPREssO vision paper on future research strategies 
following the Sendai Framework for DRR 2015–2030’,  http://www.espressoproject.eu/images/deliverables/ESPREssO_D5.5.pdf. 

 
3.3.2 Agriculture

Alfieri, L., Bisselink, B., Dottori, F., Naumann, G., de Roo, A., Salamon, P., Wyser, K., Feyen, L., 2017, ‘Global projections of river flood risk in a 
warmer world’, Earth’s Future, Vol. 5, pp. 171–182.

Alfieri, L., Burek, P., Feyen, L., Forzieri, G., 2015, ‘Global warming increases the frequency of river floods in Europe’, Hydrology and Earth 

http://itic.ioc-unesco.org/images/docs/itic_tsunamiquestionnaire_feb10.pdf
http://itic.ioc-unesco.org/images/docs/itic_tsunamiquestionnaire_feb10.pdf
https://www.gov.uk/government/collections/government-response-to-the-pitt-review
https://www.gov.uk/government/collections/government-response-to-the-pitt-review
http://www.espressoproject.eu/images/deliverables/ESPREssO_D5.5.pdf


CHAPTER 3   ASSETS AT RISK AND POTENTIAL IMPACTS 

295

System Sciences, Vol. 19, pp. 2247–2260.

Altieri, M. A., Nicholls, C. I., Henao, A., Lana, M. A., 2015, ‘Agroecology and the design of climate change-resilient farming system’, 
Agronomy for Sustainable Development, Vol. 35, pp. 869–890.

Bielza, M., Conte, C., Gallego, F., Stroblmair, J., Catenaro, R., Dittman, C., 2009, Risk Management and Agricultural Insurance Schemes in 
Europe, EC-JRC Report EUR 23943 EN, Office for Official Publications of the European Communities, Luxembourg.

Bozzola, M., Massetti, E., Mendelsohn, R., Capitanio, F., 2018, ‘A Ricardian analysis of the impact of climate change on Italian agriculture’, 
European Review of Agricultural Economics, Vol. 45, pp. 57–79.

Bremond, P., Grelot, F., Agenais, A. L., 2013, ‘Economic evaluation of flood damage to agriculture – Review and analysis of existing 
methods’, Natural Hazards and Earth System Sciences, Vol. 13, pp. 2493–2512.

Cafiero, C., Capitanio, F., Cioffi, A., Coppola, A., 2007, ‘Risk and crises management in the reformed European agricultural crises policy’, 
Canadian Journal of Agricultural Economics, Vol. 55, pp. 419–441.

Caparros Megido, R., Gierts, C., Blecker, C., Brostaux, Y., Haubruge, E., Alabi, T., Francis, F., 2016, ‘Consumer acceptance of insect-based 
alternative meat products in Western countries’, Food Quality and Preferences, Vol. 52, pp. 237–243.

Chatzopoulos, T., Perez-Dominguez, I., Zampieri, M., Toreti, A., 2020, ‘Climate extremes and agricultural commodity markets: A global 
economic analysis of regionally simulated events’, Weather and Climate Extremes, Vol. 27, 100193.

Chavas, J. P., Di Falco, S., Adinolfi, F., Capitanio, F., 2019, ‘Weather effects and their long-term impact on the distribution of agricultural 
yields: Evidence from Italy’, European Review of Agricultural Economics, Vol. 46, pp. 29–51.

Ciscar, J. C., Ibarreta, D., Soria, A., Dosio, A., Toreti, A., Ceglar, A., Fumagalli, D., Dentener, F., Lecerf, R., Zucchini, A., Panarello, L., Niemeyer, 
S., Pérez-Domínguez, I., Fellmann, T., Kitous, A., Després, J., Christodoulou, A., Demirel, H., Alfieri, L., Dottori, F., Vousdoukas, M. I., 
Mentaschi, L., Voukouvalas, E., Cammalleri, C., Barbosa, P., Micale, F., Vogt, J. V., Barredo, J. I., Caudullo, G., Mauri, A., de Rigo, D., 
Libertà, G., Houston Durrant, T., Artés Vivancos, T., San-Miguel-Ayanz, J., Gosling, S. N., Zaherpour, J., De Roo, A., Bisselink, B., 
Bernhard, J., Bianchi, L., Rozsai, M., Szewczyk, W., Mongelli, I., Feyen, L., 2018, Climate Impacts in Europe: Final report of the JRC 
PESETA III project, EC-JRC Report EUR 29427 EN, Publications Office of the European Union, Luxembourg, doi: 10.2760/93257.

Collier, B., Skees, J., Barnett, B., 2009, ‘Weather index insurance and climate change: Opportunities and challenges in lower income 
countries’, Geneva Papers on Risk and Insurance – Issues and Practice, Vol. 34, pp. 401–424.

Cordier, J., Santeramo, F. G., 2019, ‘Mutual funds and the Income Stabilisation Tool in the EU: Retrospect and prospects’, EuroChoices, 
Vol. 19, No 1, pp. 53–58, doi: 10.1111/1746-692X.12210.

Davis, K. F., Gephart, J. A., Emery, K. A., Leach, A. M., Galloway, J. N., D’Odorico, P., 2016, ‘Meeting future food demand with current 
agricultural resources’, Global Environmental Change, Vol. 39, pp. 125–132.

De Castro, P., Adinolfi, F., Capitanio, F., Di Falco, S., 2011, ‘Building a new framework for Common Agricultural Policy: A responsibility 
towards the overall community’, Eurochoices, Vol. 10, pp. 32–36.

Di Falco, S., Bozzola, M., Adinolfi, F., Capitanio, F., 2014, ‘Crop insurance as a strategy for adapting to climate change’, Journal of 
Agricultural Economics, Vol. 65, pp. 485–504.

Dupuit, J., 1844, ‘De la mesure de l’utilite des travaux publiques’, Annales des Ponts et Chaussees, Vol. 2, pp. 55–94.

EEA, 2009, Water Resources across Europe – Confronting water scarcity and drought, Report 2, European Environment Agency, Office for 
Official Publications of the European Communities, Luxembourg, doiI: 10.2800/16803.

EEA, 2013, Adaptation in Europe: Addressing risks and opportunities from climate change in the context of socioeconomic developments, 
Report 3, Publications Office of the European Union, Luxembourg, doi: 10.2800/50924.

EEA, 2019, Climate change adaptation in the agriculture sector in Europe, Report 4, Publications Office of the European Union, 
Luxembourg, doi: 10.2800/537176.

EU, 2013, Regulation (EU) No 1305/2013 of the European Parliament and of the Council of 17 December 2013 on support for rural 
development by the European Agricultural Fund for Rural Development (EAFRD) and repealing Council Regulation (EC) No 
1698/2005, OJ L 347, 20.12.2013, p. 487–548.

EU, 2015, Regulation (EU) 2015/2283 of the European Parliament and of the Council of 25 November 2015 on novel foods, amending 



296

Regulation (EU) No 1169/2011 of the European Parliament and of the Council and repealing Regulation (EC) No 258/97 of the 
European Parliament and of the Council and Commission Regulation (EC) No 1852/2001 (Text with EEA relevance), OJ L 327, 
11.12.2015, p. 1–22.

European Commission, n.d.-a, ‘Animal Disease Notification System (ADNS)’, https://ec.europa.eu/food/animals/animal-diseases/not-
system_en.

European Commission, n.d.-b, ‘Crops market observatory’, https://ec.europa.eu/info/food-farming-fisheries/farming/facts-and-figures/
markets/overviews/market-observatories/crops_en 

European Commission, 2011, Proposal for a regulation of the European Parliament and of the Council on support for rural development 
by the European Agricultural Fund for Rural Development, COM(2011) 627 final/2.

European Commission, 2013, Communication from the Commission to the European Parliament, the Council, the European Economic and 
Social Committee and the Committee of the Regions, An EU Strategy on adaptation to climate change, COM(2013) 216 final.

European Commission, 2018a, Report from the Commission to the European Parliament and the Council on the implementation of the EU 
Strategy on adaptation to climate change, COM(2018) 738 final.

European Commission, 2018b, Commission Staff Working Document, Evaluation of the EU Strategy on adaptation to climate change. 
Accompanying the document Report from the Commission to the European Parliament and the Council on the implementation of 
the EU Strategy on adaptation to climate change, SWD(2018) 461 final.

European Commission, 2018c, Short-term outlook for EU agricultural markets in 2018 and 2019, Short-term outlook 22, Directorate-
General for Agriculture and Rural Development.

European Commission, 2019, Statistical Factsheet, Directorate-General for Agriculture and Rural Development.

Eurostat, 2019, ‘Statistics explained and statistics on rural areas in the EU’, https://ec.europa.eu/eurostat/statistics-explained/index.php/
Statistics_on_rural_areas_in_the_EU. 

FAO, 2017, The Future of Food and Agriculture: Trends and challenges, Food and Agriculture Organization of the United Nations, Rome.

FAO, 2018, The State of Agricultural Commodity Markets 2018: Agricultural trade, climate change and food security, Food and Agriculture 
Organization of the United Nations, Rome.

Fontana, G., Toreti, A., Ceglar, A., De Sanctis, G., 2015, ‘Early heat waves over Italy and their impacts on durum wheat yields’, Natural 
Hazards and Earth System Sciences, Vol. 15, pp. 1631–1637.

Foudi, S., Erdlenbruch, K., 2012, ‘The role of irrigation in farmers’ risk management strategies in France’, European Review of Agricultural 
Economics, Vol. 39, pp. 439–457.

Gaviglio, A., Filippini, R., Molinari, D., Marescotti, E., Demartini, E., 2020, ‘Evaluating the flood damage on dairy farms: A methodological 
proposal’, Aestimum, Vol. 75, pp. 183-205. 

Gómez-Limón, J.A., Riesgo, L., 2004, ‘Water pricing: analysis of differential impacts on heterogeneous farmers’, Water Resources Research, 
Vol. 40, pp. 1–12. Gouel, C., Guimbard, H., 2019, ‘Nutrition transition and the structure of global food demand’, American Journal 
of Agricultural Economics, Vol. 101, pp. 383–403.

Grafton, R. Q., Williams, J., Perry, C. J., Molle, F., Ringler, C., Steduto, P., Udall, B., Wheeler, S. A., Wang, Y., Garrick, D., All, R. G., 2018, ‘The 
paradox of irrigation efficiency’, Science, Vol. 361, pp. 748–750.

Hirabayashi, Y., Mahendran, R., Koirala, S., Konoshima, L., Yamazaki, D., Watanabe, S., Kim, H., Kanae, S., 2013, ‘Global flood risk under 
climate change’, Nature Climate Change, Vol. 3, pp. 816–821.

Klaus, S., Kreibich, H., Merz, B., Kuhlman, B., Schröter, K., 2016, ‘Large-scale, seasonal flood risk analysis for agricultural crops in Germany’, 
Environmental Earth Sciences, Vol. 75, 1289.

Koundouri, P., Nauges, C., Tzouvelekas, V., 2006, ‘Technology adoption under production uncertainty: Theory and application to irrigation 
technology’, American Journal of Agricultural Economics, Vol. 88, pp. 657–670.

Leip, A., Billen, G., Garnier, J., Grizzetti, B., Lassaletta, L., Reis, S., Simpson, D., Sutton, M. A., de Vries, W., Weiss, F., 2015, ‘Impacts of 
European livestock production: Nitrogen, sulphur, phosphorus and greenhouse gas emissions, land-use, water eutrophication and 
biodiversity’, Environmental Research Letters, Vol. 10, 115004.

https://ec.europa.eu/food/animals/animal-diseases/not-system_en
https://ec.europa.eu/food/animals/animal-diseases/not-system_en
https://ec.europa.eu/info/food-farming-fisheries/farming/facts-and-figures/markets/overviews/market-observatories/crops_en
https://ec.europa.eu/info/food-farming-fisheries/farming/facts-and-figures/markets/overviews/market-observatories/crops_en
https://ec.europa.eu/eurostat/statistics-explained/index.php/Statistics_on_rural_areas_in_the_EU
https://ec.europa.eu/eurostat/statistics-explained/index.php/Statistics_on_rural_areas_in_the_EU


CHAPTER 3   ASSETS AT RISK AND POTENTIAL IMPACTS 

297

Lesk, C., Rowhani, P., Ramankutty, N., 2016, ‘Influence of extreme weather disasters on global crop production’, Nature, Vol. 529, pp. 84–
87.

Lin, B. B., 2011, ‘Resilience in agriculture through crop diversification: Adaptive management for environmental change’, Bioscience, 
Vol. 61, pp. 183–193.

Maestro, T., Nicolosi, V., Cancellieri, A., Bielza, M., 2013, ‘Probabilistic analysis of water availability for agriculture and associated crop net 
margins’, paper presented at the 5th European Association of Agricultural Economists PhD workshop, Leuven, 29-31 May 2013.

Mahul, O., Stutley, S., 2010, Government Support to Agricultural Insurance: Challenges and options for developing countries, World Bank, 
Washington DC, USA, DOI: 10.1596/978-0-8213-8217-2.

Mäkinen, H., Kaseva, J., Trnka, M., Balek, J., Kersebaum, K. C., Nendel, C., Gobin, A., Olesen, J. E., Bindi, M., Ferrise, R., Moriondo, M., Rodríguez, 
A., Ruiz-Ramos, M., Takáč, J., Bezák, P., Ventrella, D., Ruget, F., Capellades, G., Kahiluoto, H., 2018, ‘Sensitivity of European wheat to 
extreme weather’, Field Crops Research, Vol. 222, pp. 209–217.

Marshall, A., 1879, The Pure Theory of (Domestic) Values, History of Economic Thought Books. McMaster University Archive for the History 
of Economic Thought, Hamilton, Ontario.

Martin, S. W., Barnett, B. J., Coble, K. H., 2001, ‘Developing and pricing precipitation insurance, Journal of Agricultural and Resource 
Economics, Vol. 26, pp. 261–274.

Menozzi, D., Sogari, G., Veneziani, M., Simoni, E., Mora, C., 2017, ‘Eating novel foods: An application of the Theory of Planned Behaviour to 
predict the consumption of an insect-based product’, Food Quality and Preferences, Vol. 59, pp. 27–34.

Meuwissen, M. P. M., Van Asseldonk, M. A. P. M., Pietola, K., Hardaker, J. B., Huirne, R. B. M., 2011, ‘Income insurance as a risk management 
tool after 2013 CAP reforms?’, paper presented at the International Congress of the European Association of Agricultural 
Economists, Zurich, 30 August-2 September 2011.

Meuwissen, M. P. M., Huirne, R. B. M., Skees, J. R. 2003, ‘Income insurance in European agriculture’, EuroChoices, Vol.  2, pp. 12–17.

Molinari, D., Scorzini, A. R., Gallazzi, A., Ballio, F., 2019, ‘AGRIDE-c, a conceptual model for the estimation of flood damage to crops: 
development and implementation’, Natural Hazards and Earth System Sciences, Vol. 19, pp. 2565-2582.

Morignat, E., Gay, E., Vinard, J.-L., Calavas, D., Hénaux, V., 2015, ‘Quantifying the influence of ambient temperature on dairy and beef cattle 
mortality in France from a time-series analysis’, Environmental Research, Vol. 140, pp. 524–534.

Munich Re, 2019, ‘The natural disasters of 2018 in figures’, https://www.munichre.com/topics-online/en/climate-change-and-natural-
disasters/natural-disasters/the-natural-disasters-of-2018-in-figures.html. 

OECD, 2008, Environmental performance of agriculture in OECD countries since 1990, Organisation for Economic Co-operation and 
Development.

OECD, 2013a, Agricultural Policy Monitoring and Evaluation 2013, Organisation for Economic Co-operation and Development, DOI: 
10.1787/agr_pol-2013-en.

OECD, 2013b, Water Security for Better Lives, Organisation for Economic Co-operation and Development, DOI: 10.1787/9789264202405-
en.

OECD, 2014, Climate Change, Water and Agriculture: Towards resilient systems, Organisation for Economic Co-operation and 
Development, DOI: 10.1787/9789264209138-en.

Pérez-Blanco, C. D., Gómez, C. M. 2013, ‘Designing optimum insurance schemes to reduce water overexploitation during drought events: a 
case study of La Campiña, Guadalquivir River Basin, Spain’, Journal of Environmental Economics and Policy, Vol. 2, pp. 1–15

Pérez-Blanco, C. D., Gómez, C. M., 2014, ‘Insuring water: A practical risk management option in water-scarce and drought-prone regions?’, 
Water Policy, Vol. 16, pp. 244–263.

Perpiña Castillo, C., Kavalov, B., Diogo, V., Jacobs-Crisioni, C., Batista, F., Silva, F., Lavalle, C., 2018, Agricultural land abandonment in the EU 
within 2015–2030, EC-JRC Policy Insights 113718.

Perry, B. D., Grace, D., Sones, K., 2013, ‘Current drivers and future directions of global livestock disease dynamics’, Proceedings of the 
National Academy of Sciences, Vol. 110, pp. 20871–20877.

Peters, R. J. B., Bouwmeester, H., Gottardo, S., Amenta, V., Arena, M., Brandhoff, P., Marvin, H. J. P., Mech, A., Botelho Moniz, F., Quiros Pesudo, 

https://www.munichre.com/topics-online/en/climate-change-and-natural-disasters/natural-disasters/the-natural-disasters-of-2018-in-figures.html
https://www.munichre.com/topics-online/en/climate-change-and-natural-disasters/natural-disasters/the-natural-disasters-of-2018-in-figures.html


298

L., Rauscher, H., Schoonjans, R., Undas, A. K., Vettori, M. V., Weigel, S., Aschberger, K., 2016, ‘Nanomaterials for products and 
application in agriculture, feed and food’, Trends in Food Science and Technology, Vol. 54, pp. 155–164.

Polsky, L., von Keyserlingk, M. A. G., 2017, ‘Effects of heat stress on dairy cattle welfare’, Journal of Dairy Science, Vol. 100, pp. 8645–
8657.

Posthumus, H., Morris, J., Hess, T. M., Neville, D., Philips, E., Baylis, A., 2009, ‘Impacts of the summer 2007 floods on agriculture in England’, 
Journal of Flood Risk Management, Vol. 2, pp. 182–189.

Quiroga, S., Iglesias, A., 2009, ‘A comparison of the climate risks of cereal, citrus, grapevine and olive production in Spain’, Agricultural 
Systems, 101, 91–100.

Randall, A., 1981, ‘Property entitlements and pricing policies for a maturing water economy’, Australian Journal of Agricultural Economics, 
Vol. 25, pp. 195–220.

Renwick, A., Jansson, T., Verburg, P. H., Revoredo-Giha, C., Britz, W., Gocht, A., McCracken, D., 2013, ‘Policy reform and agricultural land 
abandonment in the EU’, Land Use Policy, Vol. 30, pp. 446–457.

Rezaei, E. E., Webber, H., Gaiser, T., Naab, J., Ewert, F., 2015, ‘Heat stress in cereals: Mechanisms and modelling’, European Journal of 
Agronomy, Vol. 64, pp. 98–113.

Russo, S., Dosio, A., Graversen, R. G., Sillmann, J., Carrao, H., Dunbar, M. B., Singleton, A., Montagna, P., Barbosa, P., Vogt, J. V., 2014, 
‘Magnitude of extreme heat waves in present climate and their projection in a warming world’, Journal of Geophysical Research, 
Vol. 119, pp. 500–512.

Santeramo, F. G., 2019, ‘I learn, you learn, we gain experience in crop insurance markets’, Applied Economic Perspectives and Policy, 
Vol. 41, pp. 284–304.

Santeramo, F. G., Ramsey, A. F., 2017, ‘Crop insurance in the EU: Lessons and caution from the US’, EuroChoices, Vol. 16, pp. 34–39.

Santeramo, F. G., Goodwin, B. K., Adinolfi, F., Capitanio, F., 2016, ‘Farmer participation, entry and exit decisions in the Italian crop insurance 
program’, Journal of Agricultural Economics, Vol. 67, pp. 639–657.

Skees, J. R., Black, J. R., Barnett, B. J., 1997, ‘Designing and rating an area yield crop insurance contract’, American Journal of Agricultural 
Economics, Vol. 79, pp. 430–438.

Stahl, K., Kohn, I., Blauhut, V., Urquijo, J., De Stefano, L., Acácio, V., Dias, S., Stagge, J. H., Tallaksen, L. M., Kampragou, E., Van Loon, A. F., 
Barker, L. J., Melsen, L. A., Bifulco, C., Musolino, D., de Carli, A., Massarutto, A., Assimacopoulos, D., Van Lanen, H. A. J., 2016, 
‘Impacts of European drought events: Insights from an international database of text-based reports’, Natural Hazards and Earth 
System Sciences, Vol. 16, pp. 801–819.

Tilman, D., Balzer, C., Hill, J., Befort, B. L., 2011, ‘Global food demand and the sustainable intensification of agriculture’, Proceeding of the 
National Academy of Science, Vol. 108, pp. 20260–20264.

Toreti, A., Naveau, P., Zampieri, M., Schindler, A., Scoccimarro, E., Xoplaki, E., Dijkstra, H. A., Gualdi, S., Luterbacher, J., 2013, ‘Projections of 
global changes in precipitation extremes from Coupled Model Intercomparison Project Phase 5 models’, Geophysical Research 
Letters, Vol. 40, pp. 4887–4892.

Toreti, A., Belward, A., Perez-Dominguez, I., Naumann, G., Manfron, G., Luterbacher, J., Cronie, O., Seguini, L., Lopez Lozano, R., Baruth, B., 
van den Berg, M., Dentener, F., Ceglar, A., Chatzopoulos, T., Zampieri, M., 2019a, ‘The exceptional 2018 European water seesaw 
calls for action on adaptation’, Earth’s Future, Vol. 7, pp. 652–663.

Toreti, A., Cronie, C., Zampieri, M., 2019b, ‘Concurrent extremes in key wheat producing regions of the world’, Scientific Reports, Vol. 9, 
5493.

UN, 2014a, The United Nations World Water Development Report 2014, United Nations, Paris.

UN, 2014b, Report of the Conference of the Parties on its nineteenth session, Report No FCCC/CP/2013/10, United Nations.

UN, 2019, World Population Prospects 2019: Ten key findings. United Nations, Department of Economic and Social Affairs, Population 
Division.

Van Passel, S., Massetti, E., Mendelsohn, R., 2017, ‘A Ricardian analysis of the impact of climate change on European agriculture’, 
Environmental and Resource Economics, Vol. 67, pp. 725–760.



CHAPTER 3   ASSETS AT RISK AND POTENTIAL IMPACTS 

299

Vitali, A., Felici, A., Esposito, S., Bernabucci, U., Bertocchi, L., Maresca, C., Nardone, A., Lacetera, N., 2015, ‘The effect of heat waves on dairy 
cow mortality’, Journal of Dairy Science, Vol. 98, pp. 4572–4579.

Von Peter, G., Von Dahlen, S., Saxena, S. C., 2012, ‘Unmitigated disasters? New evidence on the macroeconomic cost of natural 
catastrophes’, BIS Working Paper No 39.

Webber, H., Kahiluoto, H., Rötter, R., Ewert, F., 2014, ‘Enhancing climate resilience of cropping systems’, in: Fuhrer, J., Gregory, P. (eds.), 
Climate Change Impact and Adaptation in Agricultural Systems, CAB International, DOI: 10.1079/9781780642895.0167, 
Wallingford, UK, pp. 167-185.

Webber, H., Ewert, F., Olesen, J. E., Müller, C., Fronzek, S., Ruane, A. C., Bourgault, M., Martre, P., Ababaei, B., Bindi, M., Ferrise, R., Finger, R., 
Fodor, N., Gabaldón-Leal, C., Gaiser, T., Jabloun, M., Kersebaum, K.-C., Lizaso, J. I., Lorite, I. J., Manceau, L., Moriondo, M., Nendel, 
C., Rodríguez, A., Ruiz-Ramos, M., Semenov, M. A., Siebert, S., Stella, T., Stratonovitch, P., Trombi, G., Wallach, D., 2018, ‘Diverging 
importance of drought stress for maize and winter wheat in Europe’, Nature Communication, Vol. 9, 4249.

Zampieri, M., Ceglar, A., Dentener, F., Toreti, A., 2017, ‘Wheat yield loss attributable to heat waves, drought and water excess at the global, 
national and subnational scales’, Environmental Research Letters, Vol. 12, 064008.

Zampieri, M., Weissteiner, C. J., Grizzetti, B., Toreti, A., van den Berg, M., Dentener, F. 2020, ‘Estimating resilience of crop production 
systems: From theory to practice’, Science of the Total Environment, Vol. 735, 139378.

3.3.3 Industry and energy

AIG, 2013, Building a Business Continuity Plan: Guideline for preparation of your plan, AIG, London, UK.

Aksa, 2019, Annual Report 2018, Aksa, Istanbul, https://www.aksa.com/ca/docs/D79499122EA44D20A32692C2A09DDB/
A40C80A20FF2492CAC2C9CD3A2967D88.pdf. 

Albala-Bertrand, J. M., 2007, ‘Globalization and localization: An economic approach’, in: Rodriguez, H., Quarantelli, E. L., Dynes, R. R. (eds.), 
Handbook of Disaster Research, Springer, New York, pp. 147–167.

Albala-Bertrand, J. M., 2013, Disasters and the Networked Economy, Routledge, Oxon.

Alfieri, L., Feyen, L., Salamon, P., Thielen, J., Bianchi, A., Dottori, F., Burek, P., 2016, ‘Modelling the socioeconomic impact of river floods in 
Europe’, Natural Hazards and Earth System Sciences, Vol. 16, pp. 1401–1411.

American Bar Association, 2011, Surviving a Disaster: A lawyer’s guide to disaster planning, American Bar Association, Chicago, IL.

Bayer, Y., 1999, ‘Yalova AKSA’da neler yaşandı?’ (in Turkish), Hürriyet, 5 September.

Berlemann, M., Wenzel, D., 2016, ‘Long-term growth effects of natural disasters: Empirical evidence from droughts’, Economics Bulletin, 
Vol. 36, No 1, pp. 464–476.

Botzen, W. J. W., 2013, Managing Extreme Climate Change Risks through Insurance, Cambridge University Press, Cambridge.

British Standards Institute, 2000, BS 6079-3:2000 Project management—Guide to the management of business related project risk, 
https://shop.bsigroup.com/en/ProductDetail/?pid=000000000019994545

Cavallo, E., Galiani, S., Noy, I., Pantano, J., 2013, ‘Catastrophic natural disasters and economic growth’, Review of Economics and Statistics, 
Vol. 95, pp. 1549–1561.

CDP, 2019, Major Risk or Rosy Opportunity: Are companies ready for climate change?, http://www.cdp.net/en/reports/downloads/4588. 

COSO (Committee of Sponsoring Organizations for the Treadway Commission), 2017, Enterprise Risk Management: Integrating with 
strategy and performance, https://www.coso.org/Documents/2017-COSO-ERM-Integrating-with-Strategy-and-Performance-
Executive-Summary.pdf.

Danış, H., Görgün, M., 2005, ‘Marmara earthquake and TÜPRAŞ fire’, in: Proceedings of Earthquake Symposium Kocaeli 2005, 23–25 March 
2005, Kocaeli University, Kocaeli, Turkey, pp. 1362–1369.

Durukal, E., Erdik, M., 2008, ‘Physical and economic losses sustained by the industry in the 1999 Kocaeli, Turkey earthquake’, Natural 
Hazards, Vol. 46, No 2, pp. 153–178, doi: 10.1007/s11069-008-9218-6.

https://www.aksa.com/ca/docs/D79499122EA44D20A32692C2A09DDB/A40C80A20FF2492CAC2C9CD3A2967D88.pdf
https://www.aksa.com/ca/docs/D79499122EA44D20A32692C2A09DDB/A40C80A20FF2492CAC2C9CD3A2967D88.pdf
https://shop.bsigroup.com/en/ProductDetail/?pid=000000000019994545
http://www.cdp.net/en/reports/downloads/4588
https://www.coso.org/Documents/2017-COSO-ERM-Integrating-with-Strategy-and-Performance-Executive-Summary.pdf
https://www.coso.org/Documents/2017-COSO-ERM-Integrating-with-Strategy-and-Performance-Executive-Summary.pdf
https://doi.org/10.1007/s11069-008-9218-6


300

ECLAC (Economic Commission for Latin American and the Caribbean), 2014, Handbook for Disaster Assessment, United Nations, Santiago.

Elliott, D., Swartz, E., Herbane, B., 1999, ‘Just waiting for the next big bang: Business continuity planning in the UK finance sector’, Journal 
of Applied Management Studies, Vol. 8, No 1, pp. 43–60.

Felbermayr, G., Gröschl, J., 2014, ‘Naturally negative: The growth effects of natural disasters’, Journal of Development Economics, 
Vol. 111, pp. 92–106.

Fomby, T., Ikeda, Y., Loayza, N. V., 2013, ‘The growth aftermath of natural disastersʼ, Journal of Applied Econometrics, Vol. 28, No 3, 
pp. 412–434.

Girgin, S., 2011, ‘The natech events during the 17 August 1999 Kocaeli earthquake: Aftermath and lessons learned’, Natural Hazards and 
Earth System Sciences, Vol. 11, pp. 1129–1140, doi: 10.5194/nhess-11-1129-2011.

Girgin, S., Krausmann, E., 2016, ‘Historical analysis of U.S. onshore hazardous liquid pipeline accidents triggered by natural hazards’, 
Journal of Loss Prevention in the Process Industries, Vol. 40, pp. 578–590, doi: 10.1016/j.jlp.2016.02.008.

Girgin, S., Necci, A., Krausmann, E., 2019, ‘Dealing with cascading multi-hazard risks in national risk assessment: The case of Natech 
accidents’, International Journal of Disaster Risk Reduction, Vol. 35, 101072, doi: 10.1016/j.ijdrr.2019.101072.

Goldstein, A., Turner, W. R., Gladstone, J., Hole, D. G., 2018, ‘The private sector’s climate change risk and adaptation blind spots’, Nature 
Climate Change, Vol. 9, pp. 18-25.

Hallegatte, S., Dumas, P., 2009, ‘Can natural disasters have positive consequences? Investigating the role of embodied technical change’, 
Ecological Economics, Vol. 68, pp. 777–786.

Hallegatte, S., Ghil, M., 2008, ‘Natural disasters impacting a macroeconomic model with endogenous dynamics’, Ecological Economics, 
Vol. 68, pp. 582–592.

Healy, A., Malhotra, N., 2009, ‘Myopic voters and natural disaster policy’, American Political Science Review, Vol. 103, pp. 387–406.

Heatwole, N., Rose, A., 2013, ‘A reduced-form rapid economic consequence estimating model: Application to property damage from U.S. 
earthquakes’, International Journal of Disaster Risk Science, Vol. 4, pp. 20–32.

Hochrainer, S., Linnerooth-Bayer, J., Mechler, R., 2010, ‘The European Union solidarity fund’, Mitigation and Adaptation Strategies for Global 
Change, Vol. 15, pp. 797–810.

Hoegh-Guldberg, O., D. Jacob, M. Taylor, M. Bindi, S. Brown, I. Camilloni, A. Diedhiou, R. Djalante, K.L. Ebi, F. Engelbrecht, J.Guiot, Y. Hijioka, 
S. Mehrotra, A. Payne, S.I. Seneviratne, A. Thomas, R. Warren, and G. Zhou, 2018: Impacts of 1.5ºC Global Warming on Natural 
and Human Systems. In: Global Warming of 1.5°C. An IPCC Special Report on the  impacts of global warming of 1.5°C above pre-
industrial levels and related global greenhouse gas emission pathways, in the context of strengthening the global response to the 
threat of climate change, sustainable development, and efforts to eradicate poverty [Masson-Delmotte, V., P. Zhai, H.-O. Pörtner, 
D. Roberts, J. Skea, P.R. Shukla, A. Pirani, W. Moufouma-Okia, C. Péan, R. Pidcock, S. Connors, J.B.R. Matthews, Y. Chen, X. Zhou, 
M.I.Gomis, E. Lonnoy, T.Maycock, M.Tignor, and T. Waterfield (eds.)]. In Press.

Hogg, R. V., Klugman, S. A., 1984, Loss Distributions, John Wiley & Sons Inc., New York, doi: 10.1002/9780470316634.

Hsiang, S. M., Jina, A. M., 2014, ‘The causal effect of environmental catastrophe on long-run economic growth: Evidence from 6 700 
cyclonesʼ, NBER Working Paper 20352, National Bureau of Economic Research.

Institute of Directors in Southern Africa, 2016, King IV report on governance, https://cdn.ymaws.com/www.iodsa.co.za/resource/
collection/684B68A7-B768-465C-8214-E3A007F15A5A/IoDSA_King_IV_Report_-_WebVersion.pdf

ISO, 2009, ISO 31000:2009(en): Risk management—Principles and guidelines, https://www.iso.org/obp/ui/#iso:std:iso:31000:ed-1:v1:en. 

ISO, 2012, ISO 22301:2012(en): Societal security — Business continuity management systems --- Requirements, https://www.iso.org/obp/
ui#iso:std:iso:22301:ed-1:v2:en.

ISO, 2018, ISO 31000:2018(en): Risk management — Guidelines, https://www.iso.org/obp/ui/#iso:std:iso:31000:ed-2:v1:en

Jindrová, P., Pacáková, V., 2016, ‘Modelling of extreme losses in natural disasters’, International Journal of Mathematical Models and 
Methods in Applied Sciences, Vol. 10, pp. 171–178.

Johnson, G., Aschheim, M., Sezen, H., 2000, ‘Industrial facilities’, Earthquake Spectra, Vol. 16, No S1, pp. 311–350, doi: 
10.1193/1.1586158.

https://doi.org/10.5194/nhess-11-1129-2011
https://doi.org/10.1016/j.jlp.2016.02.008
https://doi.org/10.1016/j.ijdrr.2019.101072
https://doi.org/10.1002/9780470316634
https://cdn.ymaws.com/www.iodsa.co.za/resource/collection/684B68A7-B768-465C-8214-E3A007F15A5A/IoDSA_King_IV_Report_-_WebVersion.pdf 
https://cdn.ymaws.com/www.iodsa.co.za/resource/collection/684B68A7-B768-465C-8214-E3A007F15A5A/IoDSA_King_IV_Report_-_WebVersion.pdf 
https://www.iso.org/obp/ui/#iso:std:iso:31000:ed-2:v1:en 
https://doi.org/10.1193/1.1586158


CHAPTER 3   ASSETS AT RISK AND POTENTIAL IMPACTS 

301

Jongman, B., Hochrainer-Stigler, S., Feyen, L., Aerts, J. C. J., Mechler, R., Botzen, W. J. W., Bouwer, L. M., Pflug, G., Rojas, R., Ward, P. J., 2014, 
‘Increasing stress on disaster-risk finance due to large floods’, Nature Climate Change, Vol. 4, pp. 264–268.

Kajitani, Y., Tatano, H., 2014, ‘Modeling critical estimation of production capacity loss rate after the Great East Japan Earthquake and 
Tsunami in 2011’, Economic Systems Research, Vol. 26, pp. 13–38.

Laye, J. E., Martinez Torre-Enciso, M. I., 2001, ‘Strategies to reduce the impacts of disasters on business process: The case of business 
continuity’, International Journal of Risk Assessment and Management, Vol. 2, Nos 3/4, pp. 319–329.

Marsh, 2018, The 100 Largest Losses 1978–2017: Large property damage losses in the hydrocarbon industry, 25th edition, https://www.
marsh.com/content/dam/marsh/Documents/PDF/UK-en/100-largest-losses.pdf. 

Martínez Torre-Enciso, M. I., 2007, ‘Implicaciones económicas de los riesgos naturales’, in: González García, J. L. (ed.), Implicaciones 
Económicas y Sociales de los Riesgos Naturales, Ilustre Colegio Oficial de Geólogos, Madrid, pp. 37–59.

Martínez Torre-Enciso, M. I., Casares, I., 2011, ‘El proceso de gestión de riesgos como componente integral de la gestión empresarial’, 
Boletín de Estudios Económicos, Vol. 65, No 202, pp. 73–94.

McNeil, A. J., 1997, ‘Estimating the tails of loss severity distributions using extreme value theory’, ASTIN Bulletin: The Journal of the IAA, 
Vol. 27, No 1, pp. 117–137, doi: 10.2143/AST.27.1.563210.

Merz, B., Elmer, F., Kunz, M., Müher, B., Schröter, K., Uhlemann-Elmer, S., 2014, ‘The extreme flood in June 2013 in Germany’, La Houille 
Blanche, Vol. 1, pp. 5–10.

Meyer, V., Becker, N., Markantonis, V., Schwarze, R., van den Bergh, J. C. J. M., Bouwer, L. M., Bubeck, P., Ciavola, P., Genovese, E., Green, C., 
Hallegatte, S., Kreibich, H., Lequeux, Q., Logar, I., Papyrakis, E., Pfurtscheller, C., Poussin, J., Przyluski, V., Thieken, A. H., Viavattene, C., 
2013, ‘Assessing the costs of natural hazards: State of the art and knowledge gaps’, Natural Hazards and Earth System Sciences, 
Vol. 13, pp. 1351–1373.

Munich Re, 2014, ‘Natural catastrophes 2013: Analyses, assessments, positions, 2014 issue’, Topics Geo.

Noy, I., 2009, ‘The macroeconomic consequences of disastersʼ, Journal of Development Economics, Vol. 88, pp. 221–231.

NRC, 1991, The March 5, 1987, Ecuador Earthquakes: Mass wasting and socioeconomic effects, National Academies Press, Washington, 
DC, doi: 10.17226/1857.

Okuyama, Y., 2007, ‘Economic modeling for disaster impact analysis: Past, present, and future’, Economic Systems Research, Vol. 19, 
pp. 115–124.

Okuyama, Y., 2019, ‘Disasters and economic growth: Theoretical perspectives’, in: Okuyama, Y., Rose, A. (eds.), Advances in spatial and 
economic modeling of disaster impacts, Springer, Cham,  pp. 71–95.

Okuyama, Y., Rose, A. (eds.), 2019, Advances in Spatial and Economic Modelling of Disaster Impacts, Springer, Cham.

Okuyama, Y., Santos, J. R., 2014, ‘Disaster impact and input–output analysis’, Economic Systems Research, Vol. 26, No 1, pp. 1–12.

Olson, D. L., Wu, D. D., 2010, ‘Earthquakes and risk management in China’, Human and Ecological Risk Assessment: An International 
Journal, Vol. 16, No 3, pp. 478–493, doi: 10.1080/10807031003779898.

Oosterhaven, J., 2017, ‘On the limited usability of the inoperability IO model’, Economic Systems Research, Vol. 29, pp. 452–461.

Özmen, B., 2000, ‘Isoseismal map, human casualty and building damage statistics of the Izmit Earthquake of August 17, 1999’, paper 
presented at the third Japan-Turkey Workshop on Earthquake Engineering, 21–25 February 2000, Istanbul, Turkey.

Poljanšek, K., De Groeve, T., Marín Ferrer, M., Clark, I. (eds.), 2017, Science for Disaster Risk Management 2017, EUR 28034, Publications 
Office of the European Union, Luxembourg.

Rahnama, M., Morrow, G., 2000, ‘Performance of industrial facilities in the August 17, 1999 Izmit earthquake’, in: Proceedings of the 12th 
World Conference on Earthquake Engineering, New Zealand Society for Earthquake Engineering, 30 January–4 February 2000, 
Auckland, New Zealand, page 2581.

Reuters, 2016, ‘Toyota, other major Japanese firms hit by quake damage, supply disruptions’, https://uk.reuters.com/article/uk-japan-
quake-toyota/toyota-other-major-japanese-firms-hit-by-quake-damage-supply-disruptions-idUKKCN0XE08V. 

Rose, A., 2004, ‘Economic principles, issues, and research priorities in hazard loss estimation’, in: Okuyama, Y., Chang, S. E. (eds.), Modeling 

https://www.marsh.com/content/dam/marsh/Documents/PDF/UK-en/100-largest-losses.pdf
https://www.marsh.com/content/dam/marsh/Documents/PDF/UK-en/100-largest-losses.pdf
https://doi.org/10.2143/AST.27.1.563210
https://doi.org/10.17226/1857
https://doi.org/10.1080/10807031003779898
https://uk.reuters.com/article/uk-japan-quake-toyota/toyota-other-major-japanese-firms-hit-by-quake-damage-supply-disruptions-idUKKCN0XE08V
https://uk.reuters.com/article/uk-japan-quake-toyota/toyota-other-major-japanese-firms-hit-by-quake-damage-supply-disruptions-idUKKCN0XE08V


302

Spatial and Economic Impacts of Disasters, Springer, New York, pp. 13–36.

Schulte in den Bäumen, H., Többen, J., Lenzen, M., 2015, ‘Labour forced impact and production losses due to the 2013 flood in Germany’, 
Journal of Hydrology, Vol. 527, pp. 142–150.

Sezen, H., Whittaker, A. S., 2006, ‘Seismic performance of industrial facilities affected by the 1999 Turkey earthquake’, Journal of 
Performance of Constructed Facilities, Vol. 20, No 1, pp. 28–36, doi: 10.1061/(ASCE)0887-3828(2006)20:1(28).

Steinberg, L. J., Cruz, A. M., 2004, ‘When natural and technological disasters collide: Lessons from the Turkey earthquake of 17 August 
1999’, Natural Hazards Review, Vol. 5, No 3, pp. 121–130, doi: 10.1061/(ASCE)1527–6988(2004)5:3(121).

Steinberg, L. J., Cruz, A. M., Vardar-Sukar, F., Ersoz, Y., 2001, ‘Hazardous materials releases during the August 17, 1999 earthquake in 
Turkey’, in: Proceedings of the World Water and Environmental Resources Congress, American Society of Civil Engineers, 20–
24 May 2001, Orlando, Florida, USA, doi: 10.1061/40569(2001)445.

Suzuki, K., 2002, ‘Report on damage to industrial facilities in the 1999 Kocaeli earthquake, Turkey’, Journal of Earthquake Engineering, 
Vol. 6, No 2, pp. 275–296, doi: 10.1080/13632460209350417.

Thieken, A. H., Bessel, T., Kienzler, S., Kreibich, H., Müller, M., Pisi, S., Schröter, K., 2013, ‘The flood of June 2013 in Germany: How much do 
we know about its impacts?’, Natural Hazards and Earth System Sciences, Vol. 16, pp. 15196–1540.

Tüpraş, 2010, Annual Report 2009, Istanbul.

United Nations, 2016, Report of the open-ended intergovernmental expert working group on indicators and terminology relating to 
disaster risk reduction, United Nations General Assembly.

UN ECLAC, 2014, Handbook for Disaster Assessment, United Nations, Santiago.

van Renssen, S., 2013, ‘EU adaptation policy sputters and starts’, Nature Climate Change, Vol. 3, pp. 614–615.

Wenkel, R., 2013, ‘Floods hit Germany at economic low point’, Deutsche Welle, 4 June, http://www.dw.de/floods-hit-germany-at-economic-
low-point/a-16858079. 

Zanbak, C., 2008, ‘Aquifer remediation and chemical recovery following a spill due to an earthquake in Turkey’, in: Annable, M. D., 
Teodorescu, M., Hlavinek, P., Diels, L. (eds.), Methods and Techniques for Cleaning-up Contaminated Sites, NATO Science for Peace 
and Security Series C: Environmental Security, Springer, Dordrecht, pp. 91–101, doi: 10.1007/978-1-4020-6875-1_8.

Conclusions

Huizinga, J., De Moel, H., Szewczyk, W., 2017, Global flood depth-damage functions. Methodology and the database with guidelines, EUR 
28552 EN, Publications Office of the European Union, Luxembourg.

De Moel, H., Aerts, J. C. J. H., 2011, ‘Effect of uncertainty in land use, damage models and inundation depth on flood risk estimates’, 
Natural Hazards, Vol. 58, pp. 407–425.

Wing, O. E. J., Pinter, N., Bates, P. D., Kousky, C., 2020, ‘New insights into US flood vulnerability revealed from flood insurance big data’, 
Nature Communications, Vol. 11, No 1, 1444, doi: 10.1038/s41467-020-15264-2. 

https://doi.org/10.1061/(ASCE)0887-3828(2006)20:1(28)
https://doi.org/10.1061/(ASCE)1527-6988(2004)5:3(121)
https://doi.org/10.1061/40569(2001)445
https://doi.org/10.1080/13632460209350417
http://www.dw.de/floods-hit-germany-at-economic-low-point/a-16858079
http://www.dw.de/floods-hit-germany-at-economic-low-point/a-16858079
https://doi.org/10.1007/978-1-4020-6875-1_8



