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This document is the main deliverable of Phase 1 of the ETI project on Natural hazards containing a detailed 

literature review which specifies: the natural hazards which are relevant for the energy sector, classified by 

hazard categories; the available mature methodologies for regional and localised characterisation, as well as 

expert judgement regarding these methodologies; some comments on the impact(s) of climate change on 

natural hazards; the sectors where each natural hazard characterisation is relevant; the existing guidelines and 

regulatory frameworks impacting the UK; some examples of industry applications, including the estimation of 

climate change impacts; some trends in R&D in the characterisation of the Natural hazard; the gaps in natural 

hazard analysis and prediction (i.e., for example, the gaps in understanding the hazard combinations or the 

difficult in estimating the ligthning intensity) and the priority level of the gaps to be addressed by future work, with 

justification for why these gaps should be filled. All of this information will be used for scoping Phase 2 of the ETI 

project on Natural hazard, which aims to address the most urgent and relevant gaps.

Context:
The Natural Hazards Review project will develop a framework and best practice approach to characterise natural 

hazards and seek to improve methodologies where current approaches are inefficient. This is to improve energy 

system infrastructure design and the project is intended to share knowledge of natural hazards across sectors. 

The project will be completed in three stages. Phase one will focus on a gap analysis. Phase two will look at 

developing a series of improved methodologies from the gaps identified in phase one, and phase three will 

demonstrate how to apply these methodologies. Finally, phase 3 will develop a “how to” guide for use by project 

engineers.

The Energy Technologies Institute is making this document available to use under the Energy Technologies Institute Open Licence for 

Materials. Please refer to the Energy Technologies Institute website for the terms and conditions of this licence. The Information is licensed 

‘as is’ and the Energy Technologies Institute excludes all representations, warranties, obligations and liabilities in relation to the Information 

to the maximum extent permitted by law. The Energy Technologies Institute is not liable for any errors or omissions in the Information and 

shall not be liable for any loss, injury or damage of any kind caused by its use. This exclusion of liability includes, but is not limited to, any 

direct, indirect, special, incidental, consequential, punitive, or exemplary damages in each case such as loss of revenue, data, anticipated 

profits, and lost business. The Energy Technologies Institute does not guarantee the continued supply of the Information. Notwithstanding 

any statement to the contrary contained on the face of this document, the Energy Technologies Institute confirms that the authors of the 

document have consented to its publication by the Energy Technologies Institute.
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Executive Summary 
The goal of Phase 1 of the ETI “Review of Natural hazard” project is to provide an extensive review of the natural hazard 
characterization methodologies relevant for the Energy sector in the UK, together with an expert judgement on the 
robustness of the available methodologies and an analysis of the existing gaps to be addressed before providing an overall 
approach for the design of future high-value UK infrastructure in the Energy sector. 
This document is the main deliverable of Phase 1 of the ETI project on Natural hazards containing a detailed literature 
review which specifies: the natural hazards which are relevant for the energy sector, classified by hazard categories; the 
available mature methodologies for regional and localised characterisation, as well as expert judgement regarding these 
methodologies; some comments on the impact(s) of climate change on natural hazards; the sectors where each natural 
hazard characterisation is relevant; the existing guidelines and regulatory frameworks impacting the UK; some examples of 
industry applications, including the estimation of climate change impacts; some trends in R&D in the characterisation of the 
Natural hazard; the gaps in natural hazard analysis and prediction (i.e., for example, the gaps in understanding the hazard 
combinations or the difficult in estimating the ligthning intensity) and the priority level of the gaps to be addressed by 
future work, with justification for why these gaps should be filled. All of this information will be used for scoping Phase 2 
of the ETI project on Natural hazard, which aims to address the most urgent and relevant gaps. 
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Introduction 

Background to the Project 
Over the next three decades, the UK will be investing in a wide range of high value, long lived infrastructure assets. EDF 
Energy and its partners on this project are likely to be heavily involved in the shaping and design of these new assets. A 
robust understanding of the full range of natural hazards that will need to be considered in the design and assessment of 
high value energy infrastructure is a key goal. 
 
A three-phase project has been launched by ETI with the goal of developing a consistent methodology for natural hazard 
characterisation in regard to the design of high value infrastructure across the energy sector. This methodology should 
provide a high quality design approach for improving safety, cost efficiency, and the understanding of the resilience of 
future energy systems and their dissemination. 
 
In particular, Phase 1 will present a review of available information and existing mature methodologies regarding natural 
hazard characterisation across a wide range of energy sectors. Using this review, gaps in the data will be identified, some 
which will later be addressed during Phase 2. The goal of Phase 2 is to deliver a programme of small research and 
consultancy projects to address prioritised gaps and uncertainties identified from Phase 1, together with development and 
delivery of a consistent approach and methodology for the assessment of natural hazards and the design of solutions. 
Finally, the main aim of Phase 3 is to produce a “how to” guide to drive the engineers toward a high quality design 
approach for improving safety, cost efficiency. In Phase 3, the results of the whole project will be widely communicate and 
disseminate by an illustration of the full methodology developed in Phase 2 on two to three case studies, and via the 
organisation of two to three workshops. For more information, see [1]. 
 
EDF Energy R&D UK Centre is leading the consortium delivering this project. This high quality consortium includes EDF 
Energy Generation, NNB Gen.Co., the Met Office, Mott MacDonald and AIR Worldwide. 
 
The underlying principles for gathering together the project partners were to be able to provide a strong project team 
ensuring the capability for covering a large number of domains in the Energy sectors as well as an exhaustive expertise on 
the skills required for the comprehension of a large ensemble of Natural Hazards. 
 
EDF Energy is one of the UK’s largest energy companies and its largest producer of low-carbon electricity. The company 
provides power to a quarter of the UK and supplies gas and electricity to over 5.5 million residential and major business 
customers. It is part of the EDF Group, one of Europe’s largest power companies, which operates in 23 countries, 
employing over 157,000 staff. Research and Development is a key part of EDF Group and EDF Energy activities. EDF Energy 
R&D UK Centre Ltd. (RD) was formed in March 2012 in order to further strengthen its ability to deliver increasing R&D 
activity in the UK. EDF Energy R&D UK Centre team can call upon additional expertise from across the EDF Group. RD is 
leading the consortium appointing the project manager and the Chief Technologist. EDF Energy Nuclear Generation Ltd. 
(NG) is the owner and operator of the existing civil nuclear fleet in the UK while NNB gen. co. Ltd. (NNB), part of the EDF 
group, has been established with the mission of delivering the first new nuclear power station in the UK in over 20 years at 
Hinkley Point and planning for new development at the Sizewell site. EDF Energy will provide a decadal experience of 
characterisation of Natural Hazard mainly, but not only, due to its unique experience in Nuclear sector. Experts from 
Renewable sectors and others Company business units will be involved in the project. 
 
Mott MacDonald Ltd is a global management, engineering and development consultancy and a top firm in power (Ranked 
number 1 in Power in the 2013 NCE Consultants File). They began working on power projects in the late 1890s and have 
accumulated experience in all types of generating technologies including: Conventional coal and oil fired steam plant, CHP, 
Diesel, Energy from waste, ICGT, OCGT, CCGT, renewables and nuclear. MMD has wide experience in natural hazard 
consideration spanning across different sectors, including oil and gas, water and power industry, including thermal 
generation and renewables. Mott MacDonald has strong links with operators in energy sectors, among them; Scottish 
Power, EoN, Iceland’s national power company Landsvirkjun, National Grid, Shell, BP and TOTAL. For this commission, 
MMD is able to draw on a wide resource pool of expertise covering an extensive range of engineering disciplines and 
associated technology.  
 
Air Worldwide founded the catastrophe modelling industry in 1987 and has extensive experience characterizing natural 
hazards and determining their effects. Air has experience of providing global risk engineering services and providing 
assessments of local hazard conditions to the insurance and reinsurance markets. AIR’s modelling methodologies are widely 
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used throughout the entire property insurance and reinsurance industries and help clients meet Solvency ii regulatory 
certification. 
 
The Met Office is the UK’s national weather and climate service, and also provides operational predictions of space 
weather. It is a Trading Fund within the Department for Business, Innovation and Skills. As a world leader in providing 
weather and climate services, it employs more than 1,800 at 60 locations throughout the world and is recognised as one of 
the world’s most accurate forecasters. Forecasts are delivered to a huge range of customers from the Government, to 
businesses, the general public, armed forces, and other organisations. Additionally, the Met Office Hadley Centre provides 
world-class guidance on the science of climate change and is the primary focus in the UK for climate science 
 
This consortium is thus covering a wide number of Energy sectors domains and providing expertise on a large set of Natural 
Hazard phenomena. The credentials of the participants strongly assure the authority and quality of the final deliverables. 
 
The main technical deliverables for Phase 1 are (D1) a review of the available information and methodologies on natural 
hazard characterisation and an analysis of key gaps in the available knowledge and (D4) a report including a proposed 
scope schedule, budget and resource profile for Phase 2. 
 
This report is deliverable D1 of Phase 1 of the ETI project. 
 

Content of this Report  
This first deliverable of Phase 1, D1, aims to present a review of the available information and methodologies regarding 
natural hazard characterisation across a wide range of energy sectors. The deliverable also includes an extensive analysis of 
the gaps in current knowledge and an assessment of the emerging trends in R&D. Finally the report suggests a 
prioritization of the gaps to be treated in the next Phase of the project to go toward the definition of a high quality “how 
to” guide for the characterisation of natural hazards for the UK’s high value energy infrastructure. 
 
The content of the report is comprehensively summarized in several tables reported in the Appendix of this document, 
presenting the following information: 

 A list of natural hazards which are relevant for the energy sector, classed by hazard categories 
 The available mature methodologies for regional and localised characterisation, as well as expert judgement 

regarding the methodology 
 Comments on impact climate change has on natural hazards 
 A list (if applicable) of suitable and sufficient methodologies available to quantify the impact and associated 

uncertainties 
 A list of sectors where each natural hazard characterisation is relevant 
 A list of existing guidelines and regulatory frameworks impacting the UK 
 Examples of industry applications, including the estimation of climate change impact 
 Trends in R&D 
 Gaps in natural hazard analysis and prediction 
 The priority level of the gaps to be addressed with justification for why the gap should be filled 

 
The results reported in the tables in the Appendix are discussed and analysed in the following sections, focusing on the 
review of available methodologies in Section 1 and on gap analysis in Section 2. 
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Review of Methodologies for Natural hazard Characterisation 

Definitions and scope 
 
This project is a review of the available methodologies for characterisation of natural hazards relevant for high value 
infrastructure design in the UK. For a project of this scale, some definition is needed to clarify the boundaries of the 
exercise. 
 
A natural hazard may be defined as an "element of the physical environment, harmful to man and caused by forces 
extraneous to him", [2]. The listed hazards belong to different classes of natural phenomena including Meteorological 
Hazard; Marine Hazard; Hydrological and Hydro-geological Hazards; Volcanic, Seismic and Geological Hazards; Biological 
Hazards; and Electromagnetic Hazards. To extensively demonstrate this definition, a list of relevant natural hazards is given 
in the next section. This project ill deal with the characterisation of Natural Hazards  
Note that the natural hazards belong to the class external hazards, generating from sources and mechanisms external to a 
power plant or an infrastructure to be distinguished from the internal hazard, generated within the power plant or the 
infrastructure. However, in the class of the external hazard, it is useful to distinguish natural hazards from man made 
hazards (e.g. airplane crash, accidents). In the Table 1, a simple diagram illustrates the definitions of internal, external, 
natural and man made hazards. 
 

 
Table 1. Illustration of Hazards definition 

 
An extreme event is characterized by its probability of occurrence, usually its annual probability of occurrence. The more 
the event is extreme, the rarer it is, thus associated to a small annual probability. For high value infrastructure design and 
protection, the extreme events to be estimated are usually associated to annual probability ranging from 10-2 to 10-4 and 
even lower for some specific applications (i.e. nuclear safety). 
 
In particular, focusing on Meteorological Hazards, The IPCC Special Report on Extremes (SREX) defines a climate extreme 
(extreme weather or climate event) to be: “the occurrence of a value of a weather or climate variable above (or below) 
a threshold value near the upper (or lower) ends of the range of observed values of the variable. For simplicity, both 
extreme weather events and extreme climate events are referred to collectively as ‘climate extremes’”, [3]. 
 
In terms of geographical scope, the project will focus on research regarding infrastructure based on UK land and offshore 
waters. However, due to the global nature of the scientific community, methodologies can come from other countries. 
Moreover, hazards generated outside the UK but with the potential for a knock-on effect in Britain will also be investigated 
(for example, the dispersion of volcanic ash in the UK generated by volcanoes in Iceland). 
 
The definition of high value infrastructure is limited to energy sector infrastructure, including generation and extraction 
sites, networks and grid. Road networks and other civilian infrastructure not specific to the energy sector are excluded.  
 
The energy sectors considered in this project are:  
 

 Renewable energy (including offshore and onshore wind power, solar, wave energy) 
 Hydropower generation 
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 Transmission and distribution networks 
 Nuclear generation 
 Oil and gas 
 Thermal generation 
 Insurance 

 
Note that insurance, technically speaking, is not part of the energy sector. However, the insurance sector approach to 
natural hazards characterisation may have an impact on the investment on the energy high value infrastructures. For this 
reason the insurance sector has been considered here. Hydropower generation sector has been treated separately from 
renewable sector, due to the fact that it is a traditional sectors existing in the energy industry since long time, compared to 
the new renewable technologies. By transmission and distribution network, it is meant here the whole electricity grid from 
the generation plant to the customer, including distributed generation, even though this last sector may deserve more 
specific attention in the future. 

The approach 
 
In order to ensure the widest possible coverage of all the energy sectors the skills and capability within the consortium 
has been mapped to ensure coverage for all the sectors mentioned in the previous section. A preliminary check of the 
consortium skills were presented in the project Phase 1 proposal [4]. Partners’ contributions within the project consortium 
ensure the fact that all the information relevant for the energy sectors listed in the previous sections is represented here. In 
Table 2 it is shown that all the sectors are covered by at least one consortium partner’s skill. 
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Table 2. Number of partners contributing with information to each sector 

 
In order to ensure the best possible coverage of the scientific literature and knowledge, a large dataset of scientific 
and industrial references has been investigated in order to provide all the information reported in the Appendix. The 
selected approach for locating and reviewing existing mature methodologies is based on a wide review of: 
 

 Scientific/academic literature  
 National and international regulatory documents  
 National and international guidelines 
 Meteorological and environmental studies 
 Industrial studies  
 Workshop records  
 European Project deliverables  
 Partnership knowledge and public reports  

 
A list of relevant references is reported at the end of this document and the list of references quoted in the table is 
reported in Appendix. 
 



ETI “Review of Natural hazard” project Phase 1 
D1 Review of Natural hazard characterisation methodologies 

 
EDF Energy R&D UK Centre Ltd. Registered in England and Wales. Registered No. 02948613. Registered Office: 40 Grosvenor Place, Victoria, London, SW1X 7EN Page 8 of 22 

The literature review is supplemented with expert interviews, focused, in particular, on any blanks left in the table following 
the systematic review of the mentioned sources. In particular, we interviewed 
 

 Sebastien Pelissier, EDF Energy R&D UK centre project manager of the offshore wind project, expert in renewables 
energy 

 Sarah Levy, expert in marine renewable energy fleet design at EDF EN (Energies Nouvelles) 
 Marta Nogay, project manager for wave energy and marine energy project at EDF R&D 
 Scott Stransky, R&D expert on Natural hazards for the Insurance sector at AIR Worldwide, with particular expertise 

on Wind perils, severe thunderstorms, tropical cyclones and wildfires 
 Arnaud Lenes, expert on thermal electricity generation at EDF Energy 

 
Finally, in order to ensure high quality of the delivered information, a periodic Technical Quality Review has been 
provided by the Met Office. 
 

List of Natural hazards 
In order to better define the scope of the project, a list of 34 relevant natural hazards for the energy sector was developed. 
Note that this is a first important result of the project, opening the door to defining a systematic and common approach for 
the characterisation of natural hazards, which is the final deliverable of Phase 3. 
 
The list of hazards was divided into 8 classes, as listed below:  
 

 Meteorological 
 Marine 
 Hydrological and hydrogeological  
 Volcanic, seismic, and geological  
 Biological  
 Electromagnetic 
 Combinations 
 Other 

 
Each of the individual natural hazards is placed into one of the above classes. The hazards are presented below, grouped 
within their respective classes.  
 
Meteorological:  

 Extreme rainfall 
 Frazil (including ice flow) 
 Extreme and very rapid changes in temperature 
 High extreme ambient air temperatures 
 Low extreme ambient air temperatures 
 Extreme high water temperature 
 Extreme low water temperature 
 Extreme snow (including sticking snow, snow avalanches, icing, hard rime) 
 Extreme wind 
 Tornadoes 
 Lightning 
 Hailstones 
 Humidity (including mist and fog) 

 
Marine: 

 High tide/extreme sea level/extreme surge 
 Wind generated waves (long or short fetch) 
 Tsunami 
 Extreme low sea level 
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Hydrological and hydrogeological: 
 River flood 
 Flood due to dam failure 
 Drought 
 Extreme Groundwater level 
 

Volcanic / seismic / geological:  
 Offshore or onshore landslide 
 Sediment transport and sandbank 
 Geological instabilities (i.e. sinkholes, liquefaction, land slippage, etc.) 
 Sandstorm (including dust storm and volcanic action) 
 Earthquake 
 

Biological:  
 Marine biological hazard (i.e. marine growth or jellyfish and seaweed clogging of water intakes) 
 Animals (including for example, rodent infestation) 

 
Electromagnetic:  

 Space weather (including solar flare, Natural EMP) 
 Solar UV 

 
Combinations:  

 Hazard combinations 
 
Other:  

 Forest fire 
 Meteorite impact 

 
Decisions had to be made to define the list of the relevant natural hazard, including the aggregation or the disaggregation 
of single hazard in groups (ex: snow or geological instabilities). The similar phenomena were merged in a single group 
where possible in order to simplify the list. If similar phenomena were analysed in the past using different techniques or in 
different context, they were not merged. For example, tornadoes and wind has been separated because of the specific 
literature existing on Tornadoes phenomena while geological instabilities such as sinkhole or liquefaction were gathered 
together for sake of simplicity. 
 

Sectors impacted by the listed Natural hazards and Examples of Industrial applications 
Different energy sectors may consider the impacts of different natural hazards in the design and operation of high value 
infrastructure, depending on the impact of the given extreme natural event on aspects of their business.  
 
In the attached table (see Appendix)(column “Sectors impacted” and “Examples of industrial applications”), some impacts 
of each hazard on the different sectors are considered and examples of applications to the most relevant sectors are 
highlighted. This mapping detailed exercise is not exhaustive but it gives a general idea on which hazards are considered in 
the different sectors and allows the reader to drawn some conclusions on the hazards the most considered and on the 
sectors the most active in the hazards characterisation. 
 
In Table 3, coverage in terms of natural hazard considered in each sector is given. 
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Table 3. Coverage of number of natural hazard for each sector  
 
26 out of the 34 natural hazards are considered in the nuclear sector. This shows that the maximum number of different 
hazards considered in the nuclear sector for nuclear safety. 
 
The complete information can be found in the table in the Appendix, but in order to give few examples of impacts, 
tsunamis are mentioned for the nuclear industry because of the associated risk of flooding for the nuclear platform. 
Extreme snow is a relevant hazard in transmission and distribution sector because of the risk of having sticking snow on the 
electric wires, potentially leading to breakage of the wires. Extreme wind is mentioned for renewables in terms of 
damaging the wind turbines. Earthquake is the hazard which is covered in the largest number of sectors (essentially all of 
them). According to AIR Worldwide, as reported in the attached table (see Appendix) “all insurable property lines of 
business can be affected by earthquake.” 
 
Table 4 presents the list of hazards in combination with the number of sectors they impact; the complete information is 
available in the table in the Appendix.  
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Table 4. Number of sectors impacted by each hazard  

 
It is useful to note that a small number of hazards are considered in almost every sector (at least 5 sectors). These are 
rainfall, wind, snow, extreme sea level and storm surge, and earthquake. This allows for the definition of a short list of 
particularly relevant hazards, which are basically the traditional hazards largely considered in scientific literature. This point 
confirms as well that the list proposed in the previous section is relevant, that the main hazards have been mapped 
together with more specific hazards, and that it is now possible to converge towards a systematic and common approach. 
 
A specific comment must be made for hazard combinations. Even though few sectors (nuclear and renewable in our 
survey) are already considering this emerging hazard, it is clear that the consideration of the simultaneous occurrences of 
extreme phenomena for design purposes has been introduced across the energy industry. 
 
The impact and, as a consequence, the return level of the hazard considered depends on the sector. Again, one can 
observe that the nuclear industry is leading the exercise because of the need for estimating extreme events associated with 
a 10-4 annual probability, while in other sectors (e.g. renewables) the estimation usually stops at 10-2 annual probability. 10-4 
seems to be a kind of maximum extrapolation limit. In the insurance sector, for example, AIR Worldwide’s stochastic 
modelling techniques can estimate events up to probabilities of 10-4. 
 
Among the example of industrial applications, we have references to the safety cases produced for nuclear safety, 
insurance series studies, and commissioned studies for different sectors. For example, for the nuclear sector the Met Office 
produced reports for the EDF Energy nuclear fleet for the estimation of extreme rainfall and other meteorological hazards, 
while EDF Energy produced periodic safety reviews studies for the characterisation of several natural hazard 
characterisations. The insurance sector produced series of industrial facility codes, the 400-series that can be used to assess 
the vulnerability to several natural hazards of over 60 different large industrial facility types. (see the Appendix of this 
document for complete information). Other mentioned industrial studies are, for example, (i) the DEFRA (Department for 
Environment, Food & Rural Affairs) Report on the threat posed by tsunami to the UK and (ii) the Royal Academy of 
engineering report on the extreme space weather impact on engineered systems and infrastructure. 
 
 

Literature Review of the Available Methodologies Including Expert Judgement  
Depending on the class of natural hazard and on the sector, different methodologies have been suggested for hazard 
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characterisation in the past. In the attached table (see Appendix) (columns “Available Mature Methodologies” and “Expert 
Judgement”), these methodologies are reported together with expert judgement on their robustness. 
 
The methodologies mentioned for characterizing the hazards in the list are presented below:  
 

 Extreme Value Analysis (EVA), [5], stationary and non-stationary versions 
 Statistical Methods based on EVA (EVA with salinity, linear method for tornadoes, JPM (Joint Probability Method), 

[6]) 
 Regional Frequency Analysis (RFA), [7] 
 Spatial distribution analysis and geospatial studies 
 Deterministic approaches (PMP (Probable Maximum Precipitation),[8], maximum scenarios) 
 Numerical modelling (Finite element analysis, weather, climate and atmospheric models, hydrodynamic and ocean 

models, tsunami models, hydrological models, hydraulic models) 
 Stochastic modelling (Monte Carlo) 
 Laboratory testing 
 Use of international codes, catalogues, or standards 

 
The traditional application of the EVA has been distinguished from the application of the EVA within more complex 
statistical frameworks (Statistical Methods Based on EVA). For example for the estimation of extreme sea level EVA is used 
within the Joint Probability Method for characterising the probability of occurrence of extreme surges. Technically speaking 
the “Use of international codes, catalogues or standard” is not a methodology itself, because the results contained in these 
catalogues are obtained using specific methodologies, often EVA. However, the use of these codes reflects a very common 
engineer practice, thus it was decided to list it independently. 
 
The use of some particular methodologies for a given sector may be driven by existing guidelines or regulatory frameworks. 
For example, in France, for the estimation of the extreme sea level for the protection of nuclear power plant, the security 
authority, in a regulatory document dating back to 1984, [9], (in French and now updated by [10]) suggested the use of 
the EVA. This has been driving the use of such an approach for several years in this domain. 
 
Two main classes of methodologies were defined to analyze the results. One is the class of purely statistical approaches 
similar to Extreme Value Analysis (EVA), including extensions such as statistical methods based on EVA, RFA, and geospatial 
studies. The other is the class of numerical (often stochastic) approaches, including deterministic approaches and numerical 
modelling. Almost all the mentioned approaches belong to one of these classes. Note that both classes of approaches are 
theoretically able to deal with the spatial extent of the hazard characterisation: purely statistical approach via techniques 
like geostatistics or RFA, numerical approaches because of the spatial extent and resolution of the available numerical 
models. Obviously each specific phenomenon is characterized by specific spatial variability and extension, which can be 
more or less difficult to take into account (i.e. strong spatial variability for convective rainfall versus smooth spatial variability 
for temperature). 
 
In Table 5, the methodologies used for hazard characterisation are shown in relation to the number of hazards to which 
each methodology applies; the details being available in the attached table (see Appendix). For example, 17 individual 
hazards are characterised using EVA in the current practices across various sectors. 
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Table 5. Main methodologies for characterisation 

 
A first general comment on the reliability of the existing methodologies is the warning on the difficulty of observing and 
correctly measuring some extreme phenomena. Some examples are the difficulty on measuring lightning intensity or the 
lack of data for extreme rainfall at few minutes’ resolution. 
 
The collected expert judgements on the robustness and reliability of the different methodologies show a low degree of 
confidence on the traditional purely statistical approaches, such as EVA, which are defined as having poor robustness for 
extreme extrapolation, particularly when relying on short series of data. A mentioned limit for these approaches is the 
underuse of physical knowledge of the phenomena, indeed the choice of the probability law traditionally used to estimate 
the probability of occurrence of the extreme values are not based on physical arguments, neither are the estimated 
parameter of this laws. Another limit is linked to the underuse of available data (at different location and from different 
sources). 
 
Some methods are mentioned which can be applied to increase their robustness. Concerning the underuse of physical 
knowledge, the law parameters could be linked to physically based co-variables, for example. In order to use more available 
data methods such as Regional Frequency Analysis (RFA), or the use of historical data were applied in the past. Historical 
data refers to measures of intensity of extreme events occurred in the past which were not measured using standard 
techniques but which can be reconstructed by alternative approach. For example, it is possible to estimate the discharge of 
a flood occurred centuries ago studying historical documents describing the flood or analyzing sediments layers on the river 
bed. This data may be used in cases such as flooding risk estimation, while RFA is more frequently used when classifying 
cases such as extreme storm sea surges or extreme rainfall. 
 
Statistical models with physical constraint and approaches relying on the use of Numerical modelling (i.e. Stochastic 
simulations) seem to be judged as more robust even though they can be difficult to apply for very complex systems (i.e. 
biological hazards or tsunamis). 
Finally, during the discussion within this project, it has been stressed that “confidence in numerical models can be high, if 
the appropriate model is being used. […].  EVA can also yield useful results if the extremes are not extrapolated too far […]. 
Both methods are models, not reality, and should always be treated as such.” according to AIR Worldwide. 
 

Comments on Existing Guidelines and Regulatory Frameworks 
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Regulatory frameworks, guidelines, standards and reference maps of hazard intensity were widely developed and used 
across the sectors and for different natural hazards. The term “guidelines” indicates suggested engineering guidelines 
advising on the methodology to use for the characterisation of a given Natural hazard, while a “regulatory framework” is a 
compulsory regulation indicating the return level to be estimated and sometimes the methods to use for characterising the 
hazard. “Reference maps” of hazard intensity such as Eurocodes contain the estimation of the intensity for given hazards 
and given return period. Eurocodes exist, for example, for snow, extreme wind or earthquakes. For the sake of simplicity all 
these documents are listed together here. The goal is to provide a large list of sources suggesting approaches and 
methodologies. The huge amount of codes and guidelines are grouped here based on the institutions producing them. 
 
In order to give an idea of the institution producing the guidelines and to suggest some relevant document to the reader, a 
list including institutions, guidelines series and some stand alone guideline documents is given here: 
 

 Nuclear sectors guideline including International Atomic Energy Agency (IAEA), tern European Nuclear Regulators 
Association (WENRA) and the Office for Nuclear Regulation (ONR). 

 British Standards (BS) 
 Solvency II rules for insurance sector 
 American Petroleum Institute (API) guidelines 
 International Electrotechnical Commission (IEC) guidelines 
 Lloyds Syndicates 
 Eurocodes 
 National Grid Technical Specifications 
 Garrad Hassan (Off shore wind design) guidelines 
 DNV Offshore Standard (DNV OS) 
 Construction Industry Research and Information Association (CIRIA) 
 Sewers for Adoption 
 American Society of Civil Engineers (ASCE) guidelines 
 Department for Environment, Food, and Rural Affairs (DEFRA) guidelines 
 International Building Code (IBC) 
 National Fire Protection Agency (NFPA) 
 Planning Policy Statement 25 from UK government 
 Uniform Building Code (UBC) 
 The Flood Estimation Handbook (CEH) 
 TORnado and storm Research Organisation (TORRO) 

 
Some sets of regulatory frameworks and guidelines are designed specifically for a given industry. For example, the IAEA, 
WENRA, and ONR guides are used by the nuclear sector. API standards are used by the oil and gas sector, while the 
Solvency II Directive is used by the insurance sector. Other sets, however, may be used by a wide variety of sectors, such as 
the Eurocodes, IEC, and British Standards. In Table 6, the number of hazard covered by each class of guidelines is reported. 
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The fact that the IAEA guidelines for the nuclear sector cover more natural hazard than any other guidelines is another clue 
of the fact that the maximum number of natural hazards are identified in the nuclear sector. 
 
Additionally, a wide range of standards may be applied to a given hazard. If we consider rainfall, relevant guidelines for its 
estimation might be Planning Policy Statement 25 (PPS25), BS EN 752, BS 12056, Sewers for Adoption, CIRIA guides, 
National Grid Technical Specifications, BS EN 50341, BS 61936, and BS 7671, and this list could perhaps be extended. 
In the attached table (see Appendix) (column “Existing guidelines and regulatory frameworks”), all the relevant guidelines 
and regulatory frameworks documents are listed including the actual references. 

 

Climate change impacts 
 
Climate extremes are rare events which occur as a result of variability in the climate system. As such, natural climate 
variability is an important factor governing extremes, and will continue to be so in the future. However, the available 
evidence also indicates that climate change is modifying the frequency, intensity, spatial extent, duration and timing of 
some extreme weather and climate events, and can result in unprecedented extreme weather and climate events. 
Conceptually, changes in extremes can be linked to changes in a combination of the mean, variance and shape of the 
probability distribution of weather and climate events. It is also important to note that some climate extremes are the result 
of compound processes and accumulation of weather or climate events that are not extreme when considered 
independently, [3]. An example was the stormy weather experienced by the UK during winter 2013/14, [11], the individual 
storms were not necessarily particularly extreme, but the clustering and persistence of the storms was highly unusual. 
 
The most recent set of climate change projections for the UK was produced for UKCP09 - the UK Climate Projections 2009, 
[9]. This is the fifth generation of climate scenarios for the UK, and provides the most comprehensive UK climate change 
scenarios to date, based on leading climate science (from the Met Office Hadley Centre), which, for the first time, 
systematically incorporates and quantifies some of the key uncertainties associated with climate modelling. In particular, 
whereas previous climate change projections have been based on the outputs of one model - giving a single projection for 
a particular variable, time slice and emissions scenario – UKCP09 provides probabilistic climate projections for the UK.   
 
The motivation behind this is to explore the uncertainty in climate projections which arises from the following: 
 

 Uncertainty in future greenhouse gas emissions (we cannot know for certain our future greenhouse gas emissions, 
therefore projections are produced under three different plausible emissions scenarios)  

 Natural climate variability (natural factors, both internal and external to the climate system, can cause the climate 

 
Table 6. Distribution of guideline and framework classes   
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to vary even in the absence of any human influence; some of these factors are included in UKCP09)  
 Modelling uncertainty (sampled in part by using variants of the Met Office Hadley Centre’s climate model, and in 

part by using information from other centres’ climate models) 
 
By using our best understanding to incorporate and explore climate natural variability and modelling uncertainty in a 
systematic way, UKCP09 provides probabilistic projections for a range of meteorological variables (e.g. 
mean/maximum/minimum temperature, precipitation, and wind) at 25km resolution across the UK. 
 
A detailed list of key findings from UKCP09 is reported as a stand alone paragraph in the Appendix of this document. 
Moreover, in the columns “Climate Change Impacts” and “Uncertainties on climate change impact” of the attached table 
(see Appendix) some discussions are reported on the impact of climate change for each natural hazard. 

Hazard Combinations 
The subject of hazard combinations requires a special section. Historically and generally again today, the general practice is 
to treat each natural hazard separately, in terms of both characterising its impacts and protecting against those impacts. 
 
However, in particular after the Japanese tsunami in 2011, the consideration of hazard combinations is becoming more and 
more of a requirement in terms of regulatory frameworks and guidelines. The specific combination observed during the 
Japanese tsunami was the sequential occurrence of earthquake and a tsunami wave. It is worth to note that here we will 
use the word “combination” to indicate not only the simultaneous occurrence of two or more different hazard but also the 
sequential occurrence of different hazards (i.e. the Japanese tsunami) 
 
Again, the nuclear industry is the leader in this field, with general requirements from ONR in the UK, [12], WENRA, [13, 14] 
and IAEA, [15-17]. 
 
There is not yet a consensus within the scientific community regarding the actual degree of dependence between the 
hazards mentioned in the list. This lack of agreement is holding back the definition of the most appropriate methodologies 
to be applied for the estimation of the probability of occurrence of hazard combinations.  
 
This issue is tackled in the insurance domain via numerical platform models where risk can be quantified for a location or 
multiple locations across multiple perils, [18]. In the scientific community and in industry, the use of multivariate analysis is 
being explored, [19, 20]. 
 
The lack of a systematic methodology for hazard combinations characterisation currently represents a major gap. 
 

Trends in R&D 
In order to capture the gaps and to anticipate the direction of future R&D development, an overview of the trends in R&D 
is given in the attached table (see Appendix) on the column “trends in R&D” for each hazard in the list. 
 
This includes general trends in shifting from pure probabilistic approaches to the use of numerical modelling and trends for 
improving the robustness, reducing the uncertainty, and taking into account climate change in the EVA approaches. Just to 
give few examples: a trend towards using meteorological parameters in addition to statistical techniques for the tornado 
hazard characterization and a trend in coupling meteorological and hydrodynamical models for the simulation of storm 
surges are mentioned. In the statistical approach side, Nonstationary EVA is mentioned as an emerging R&D trend for 
extreme temperature characterisation, while RFA (Regional Frequency Analysis) is mentioned for extreme sea level. 



ETI “Review of Natural hazard” project Phase 1 
D1 Review of Natural hazard characterisation methodologies 

 
EDF Energy R&D UK Centre Ltd. Registered in England and Wales. Registered No. 02948613. Registered Office: 40 Grosvenor Place, Victoria, London, SW1X 7EN Page 17 of 22 

Gap Analysis  

Exploring the existing gaps 
A list of existing gaps in the currently available methodologies for natural hazard characterization has been drafted, 
gathering together the experience and feedback from the partners, the interviews and the literature analysis. We report 
here the gaps mentioned by the consortium partners and emerging from expert interviews and discussions. They are fully 
reported in the attached table (see Appendix) in the column “Identified gaps”. For each gap, it is reminded (i) the impact of 
the concerned hazard on high value infrastructures, (ii) the nature of the gap, (iii) the consequences of the gaps in the 
existing methodologies and the risks associated in not addressing the gaps. 
 
The highlighted existing gaps are grouped depending on the hazard classes defined above: 
 
Meteorological 
 

1. High resolution rainfall. Within the Power industry there is an appreciation of the consequences to plant 
operation that high intensity rain fall can initiate. An example of this would be conventional plant trip resulting 
from water Rainfall on short duration may be critical. To enable design of suitable drainage to mitigate risk 
further knowledge on frequency of events is required. Very few observations are available for high resolution 
rainfall (1 to 15 minutes) indeed and the traditional methods, such as EVA, which strongly rely on observations 
may produce very uncertain results fro very extreme (up to 10-4 annual probability) In particular, short duration 
extreme rainfall is critical in urban hydrology and drainage system design due to their ability to cause flash 
flooding. As long as this gap is not addressed the risk of over or under design of drainage system exist, leading 
to potential cost for expensive mid-life drainage systems modifications. 

 
2. Extreme winds may knock over trees which in turn damages power line. Moreover wind creates a load on the 

structures and may generate projectiles potentially damaging the infrastructures. There is high uncertainty in the 
estimation of extreme winds. Recent work has revealed inconsistencies between EVA estimations and Eurocodes 
estimations. The available observed data series for wind are generally short. The impact of climate change on 
extreme winds is also not very clear. The failure in addressing quickly these gaps may lead to over or under 
design requiring expensive mid-life modifications. 

 
3. Low water temperature. Low sea o river water temperature may lead to the formation of frazil ice and 

floating ice which could damage the water infrastructure and clogging the heat sinks of power plants. A precise 
judgement on the lowest possible values for sea temperature and on the ice formation mechanism on the sea 
and the river should be sought. Addressing this gap would allow a more reliable forecasting of frazil formation, 
reducing damages and probability of power plant shutdown. Leaving this gap open decreases the forecasting 
capability and increase the probability damages and shutdown. 

 
4. Lightning strikes may damages power lines, electric devices. The lack of reliable measure for lightning intensity 

means that extreme lightning estimations are very uncertain. Not addressing this gap prevents an actual 
estimation of the lightning maximum intensity and thus increasing the risk of over or under design. 

 
5. Hailstones may damage building roofs and infrastructures. There is some uncertainty around the atmospheric 

physics and formation of frozen precipitation; the fact that hail is an emerging risk, and the potential better 
quantification of the size distribution of hail with better understanding of physics, highlight the lack of a robust 
methodology for hailstone characterisation. Not addressing this gap prevents an actual estimation of the 
maximum hailstones size and loads and thus increasing the risk of over or under design. 

 
6. Extreme winds generated by a Tornado may knock over trees which in turn damages power line. Moreover 

wind creates a load on the structures and may generate projectiles potentially damaging the infrastructures. 
Some uncertainties exist around the formation and recording of Tornadoes; for example there could be an 
under-reporting effect producing a mismatch of tornado frequency between urban and countryside areas. As for 
the extreme winds estimation, the failure in addressing quickly this gap may lead to over or under design 
requiring expensive mid-life modifications. However, the probability of Tornados occurrences is lower than 
extreme wind occurrences in the UK. 

 
Marine 
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7. Tsunami may damage coastal infrastructure, including power grids, power plants and other infrastructures. Very 

limited data and knowledge exist around tsunami modelling, in particular on the coupling of geological 
earthquake models and hydrodynamic models. If these gaps are not addressed, design of coastal protection 
structure may be inadequate and fail in case of extreme tsunami event. However, the probability of occurrence 
of a Tsunami on the UK coast seems to be low. 

 
Hydrological and hydrogeological 
 
Volcanic, seismic, and geological 

 
8. Earthquake may damage the structural integrity of a large set of infrastructures. Ground motion: improvements 

to the deterministic methods are being investigated by European partners, but would not be readily transferrable 
to the UK context. Moreover, there is a lack of UK ground motion prediction equations – but, due to the UK’s 
low seismicity, this is unlikely to be resolved. In this framework this gaps may be unresolved for a while in the 
UK. Current practice seems to adequately cover the hazard and the risk of not addressing this gap in Phase 2 of 
this project seems low. 

 
9. Liquefaction, sinkholes and ground motion may damage a large set of infrastructures. There is a lack of 

geological mapping of the potential for these phenomena in the UK. Note that some related information may be 
collected from the British Geological Survey, http://www.bgs.ac.uk/products/geosure/home.html.  

 
10. There is a lack of knowledge on potential Volcanic ash effects on the UK due to volcanic eruptions elsewhere 

in Europe. Volcanic ash may impact several sectors including air transportation. The impact on Energy sector will 
be limited to the occlusion of filter on the air filtering machine. The actual impact of volcanic ash should be 
demonstrated and thus the risk of not addressing this gap in Phase 2 of this project seems low. 

 
Biological 
 

11. Biological materials may clog up the water intake of power plants. However, the blooming of marine biological 
species and the actual parameters driving this phenomenon are not completely understood. Moreover, the 
transportation of biological species by waves and currents is complex and would benefit from in-depth 
modelling. The development of suitable biological models is thus needed, together with hydrodynamics models. 
If the bio and physical mechanism should turn out to be too complex, a stochastic modelling of the probability 
of occurrence of this hazard depending on meteorological variables is a promising way to be explored. 
Mitigation measures are also poorly known; for example, alternatives to chlorination for biofouling control 
would be welcome. If not addressed the risk of observing clogging of power plant water intake and damage on 
off shore infrastructure can not be reduced by early warning, appropriate mitigation measures and adapted 
design. 

 
Electromagnetic 
 

12. Electromagnetic inferences generated by Space Weather event may have an impact and damage micro 
electronic control system and thus damage engineered systems and infrastructure A gap exists regarding the 
estimation of the intensity of an extreme space weather event and providing a methodology to assess the 
sensitivity of the electronics and/or EMI (Electro Magnetic Inferences) protection systems against it. This need is 
pushed by the increased use of microprocessors in safety systems. If not addressed the existing risk of damage 
on electric control system can not be reduced by appropriate mitigation measures and adapted design. 

 
Combinations 
 

13. Hazard combinations may generate a large range of issue to high value infrastructure and power plant. The 
nature of the issue will depend on the nature of the hazards that will be occurring together. However, a clear 
understanding of the actual probability of simultaneous occurrences of coupled hazards (e.g. low water 
temperature and extreme wind) is not always available. Moreover there is no one widely accepted approach, in 
particular for characterizing hazard combination associated to very extreme (up to 10-4 annual probability of 
exceedence) probability. Some numerical modelling techniques can account for hazard combinations such as 
wind and surge. The risk for not address this gaps is that potential combination of natural hazard may remain 
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unknown, preventing to reduce the risk by mitigation measure or appropriate design. The failure in addressing 
quickly this gap may lead as well to over or under design requiring expensive mid-life modifications. 

 
Other 
 
General Gaps 
 

14. Numerical modelling could be used instead of or in conjunction with EVA when a physical knowledge of the 
phenomena could yield a better prediction (i.e. snow simulation, storm modelling or extreme wind simulation). 
The introduction of more physical knowledge of the process in the probabilistic approach, (for example see 
weather type approaches, [21], for rainfall) could be very beneficial in some sectors. The risk of not taking into 
account this gap is to miss some useful information for the characterization of some natural hazards. 

 
15. The impact of climate change on some hazards (in particular meteorological hazards) may change the 

probability of occurrence of some extreme events. However, the scenarios simulated by the global circulation 
models are manifolding and uncertain. This science topic definitely needs more investigation and the actual 
impact of climate change of some specific hazard is not yet known (for example, biofouling, high resolution 
extreme rainfall). The risk in not addressing this gap is that important uncertainties in the impact of climate 
change may lead as well to over or under design requiring expensive mid-life modifications. 

 

Prioritization of the existing gaps 
These gaps will be prioritized following a list of common criteria. A preview of this list is given here. 
 

 Industrial prioritization (i.e. is the gap important from an industrial point of view? What is the prioritization of this 
gap from the industrial partners?) 

 Scientific community prioritization (i.e. does the gap represent an important lack of scientific knowledge in the 
understanding or modelling of the phenomenon in question? Is the scientific community already carrying out 
research on that gap?) 

 Urgency (Does the gap need to be solved quickly in order to avoid industrial risk or in order to optimize industrial 
procedures?) 

 Feasibility of the project duration (Is it reasonable to address the gap within the timescale and the budget of the 
ETI Phase 2 program?) 

 Transferability to the “how to” guide (Is it reasonable to suggest a “how to” procedure and to make the results 
available for industrial applications within the timescale and the budget of the ETI Phase 2 program?) 

 
A prioritization exercise with all the partners (except the Met Office, given its TQA role in the project) assigning values 
varying from 0 to 10 for each of these criteria and for each of the listed gaps has been carried out. A simple exercise is also 
carried out assigning a given number of points to each gap depending on the rank occupied in each partner’s classification. 
For example, one should assign, for each partners ranking, 10 points to the first gap, 5 to the second, 3 to the third and so 
on. Summing the points obtained by each gap on the different partners ranking, one could obtain a final gap ranking. 
 
This simplified exercise is most robust, smoothing the different significance that the partners associated to the absolute 
notation. 
 

Prioritization results 
 
The results of the exercise are shown in Table 7. Following the prioritization exercise 5 major gaps relevant to be 
addressed in the Phase 2 of the project are suggested at the end of the session.  
 
The choice of the number comes for the detailed analysis of the prioritization results. A clear difference in the gap 
classification may be seen in the Table. Hazard combination is first (1) in the ranking no matter the ranking method 
adopted. Behind this the list of the following six gaps (2-7) is found having similar notes: biological, wind, lightning, 
hailstones, rainfall and space weather. Note that their actual relative positions depend on the ranking criteria. Among the 
first 7, Rainfall and Wind were dismissed and the details are given in the following paragraphs.  
 



ETI “Review of Natural hazard” project Phase 1 
D1 Review of Natural hazard characterisation methodologies 

 
EDF Energy R&D UK Centre Ltd. Registered in England and Wales. Registered No. 02948613. Registered Office: 40 Grosvenor Place, Victoria, London, SW1X 7EN Page 20 of 22 

1 Hazard combinations 203 50 34 45 34 40
2 Extreme winds 202 30 42 50 30 50
3 High resolution rainfall 195 38 28 42 42 45
4 Hail 188 42 40 40 32 34
5 Ligthning intensity 187 45 36 38 38 30
6 Biological 184 38 45 32 45 24
7 Space weather 180 40 50 36 26 28
8 Low sea temperature 158 32 38 34 28 26
9 Earthquake 142 28 32 50 32

10 Climate Change 128 22 30 40 36
11 Numerical modelling 82 18 26 38
12 Volcanic ash 70 38 32
13 Tornadoes 26 26
14 Liquefaction 24 24
15 Tsunami 20 20  

Table 7. Hazard prioritization results. P1 to P5 represents the 5 consortium partners involved in the exercise. 
 
Details on the reason why the top 5 gaps got better score that the others are given here. These considerations are 
extracted from the detailed analysis of the prioritization exercise done by the partners. 
 
The “hazard combination” gap is on the top of the list for both cases. It is put in top places but almost all the partners. It 
is explained by the fact that there is lack of common methodologies on this topic, and by the fact that the recent 
Fukushima incident considerably raised the profile of this issue. A first hazard combinations screening would be very useful 
for industrial application. The hazard combination got indeed high notes in “transferability to the industry” item. One of 
the partners stated that “the output should be readily easy to apply” and “a shot term resolution of the question would be 
appropriate”. The definition of a better knowledge on the probability of hazard combination will allow delivering and 
operating high value energy infrastructure assets more cost effectively and more reliably with greater overall system 
resilience. 
 
The biological hazards gap is an emerging risk with a considerable lack of knowledge on how relevant phenomena occur, 
and on the potential effect of climate change on these phenomena. It is identified by two out of five contributors as the 
second most important hazard. Note that, however, energy infrastructures located far from the sea shore may not be 
affected by this hazard. The  
 
Lightning and hail are, relatively speaking, also emerging hazards for which common approaches do not exist, but where 
fruitful transfer of knowledge form one sector to another could deliver high quality results at the project timescale (i.e. 
from insurance to industry). They got good notes in the “transferability to the industry” criterion, showing that a focused 
and short R&D effort could delver ready to use results on these topics. The definition of a specific approach for the 
estimation of lightning intensity and hailstones size is an important step in the definition of an overall methodology 
allowing delivering and operating high value energy infrastructure assets more cost effectively and more reliably with 
greater overall system resilience 
 
Space Weather is also an emerging hazard; although its impact on energy sector infrastructure has been assessed at a 
high level, see [22], it has not yet been examined in detail. For Space Weather as well, addressing the gaps in their 
characterization methodology will allow to deliver and operate high value energy infrastructure assets more cost effectively 
and more reliably with greater overall system resilience. 
 
Concerning Rainfall, Wind and the gaps from (8-15) positions, note that these gaps definitely exist and deserve to be 
solved in the next future. However, (i) the impact of the next future infrastructure design for non solving these gaps are 
lower than for other gaps, (ii) the Phase 2 timescale is not the appropriate timescale for these gaps resolutions or (iii) the 
Phase 2 of this project may not be the most appropriate framework for the resolution of these gaps, because of on-going 
works in scientific community. In particular, following on of the partners “Earthquake is adequately covered by current 
practice”. There was consensus on the fact that Climate Change is widely investigated by the scientific community and 
that the Phase 2 of the project will not bring extra knowledge compared to the existing reports. Numerical Modelling is 
too generally defined and not identified as a single appropriate hazard, thus it could be out of the scope of the study. 
Volcanic ash dispersion was identified as a gap potentially impacting other industries out of the Energy sectors (e.g. 
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aviation), but with the actual impact on the energy sector must be still demonstrated. Tornadoes, Liquefaction and 
Tsunami get little attention from the partners. Tornadoes and Tsunami characterization techniques exist and this hazard 
may be less relevant for the UK compared to the other. Gaps in Wind estimations caught the attention of the consortium 
partners because of the lack of long data series for use in EVA and the uncertainty around how climate change could affect 
wind, as well as for the potentially important impacts of wind on various aspects of the energy sector. Gaps on wind 
characterization, in particular, lack of coherence between different sources of extreme wind estimations are highlighted as 
a main gap by several partners. However, it is also mentioned that several R&D programs are going on in the scientific 
community on this point. At the same time the estimation of extreme Rainfall at very high resolution may be challenging 
and the existing methodologies based on EVA show some limitations. As mentioned for wind, other research programs are 
ongoing in this area and methodologies are available, (e.g. [23]) even if it is conservative and sometimes inappropriate for 
use in particular analyses. 
 
We, therefore, suggest the following five main gaps could be addressed in Phase 2: 
 

 Hazard combinations 
 Biological 
 Space Weather 
 Lightning  
 Hail 

 
Conclusions 
 
This report introduces the context and relevance of existing design guidelines, industry specifications, reference studies and 
regulatory frameworks. In particular, the following aspects have been analysed: 
 

 A list of natural hazards which are relevant across the energy sector 
 The available mature methodologies for their characterisation, as well as expert judgement regarding these 

methodologies 
 A high-level assessment of the projected impacts of climate change on natural hazards  
 A list of sectors for which characterisation of each natural hazard is relevant, including several example of industrial 

applications 
 A list of existing guidelines and regulatory frameworks affecting the UK 
 Some comments on the recent trends in R&D projects for the characterisation of natural hazards  
 Gaps in natural hazard analysis and prediction 
 The priority level of the gaps to be addressed with justification for why these gaps should be addressed 

 
The main conclusions are the following: 
 

a. It was possible to define a common list of natural hazards relevant across different sectors in the energy domain 
 
b. Even though sectors may traditionally look at different return levels and specific natural hazards, depending on the 

impact, the methodologies used are generally consistent across sectors 
 
c. Some gaps exist and need to be addressed 

 
d. Given the solution of some existing gaps, the final goal of the project (namely to have a common and systematic 

approach for the characterisation of natural hazards across the energy sectors) can be achieved. 
 
In particular, we suggest researching 5 main potential gaps to be addressed in Phase 2: hazard combinations, biological 
hazards, space weather, lightning, hail. 
 
It is shown how addressing these gaps in the Phase 2 will permit to define a high quality, systematic approach to the 
natural hazard characterization. This approach will be illustrated in Phase 3 and it will allow delivering and operating high 
value energy infrastructure assets more cost effectively and more reliably with greater overall system resilience 
 
We are confident that in the following phases of the project, these gaps can be addressed and a “how to” guide for 
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supporting future studies in the energy sector can be delivered. 
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Detailed list of key findings from UKCP09 
The key findings from UKCP09 are described below, for the 2080s, under the Medium emissions scenario, relative to a 
1961-1990 baseline: 
  

 Mean daily maximum temperatures increase everywhere. Increases in the summer average are up to 5.4ºC (2.2 to 
9.5ºC) in parts of southern England and 2.8ºC (1 to 5ºC) in parts of northern Britain. Increases in winter are 1.5ºC 
(0.7 to 2.7ºC) to 2.5ºC (1.3 to 4.4ºC) across the country. 

 Changes in the warmest day of summer range from +2.4ºC (–2.4 to +6.8ºC) to +4.8ºC (+0.2 to +12.3ºC), 
depending on location, but with no simple geographical pattern. 

 Mean daily minimum temperature increases on average in winter by about 2.1ºC (0.6 to 3.7ºC) to 3.5ºC (1.5 to 
5.9ºC) depending on location. In summer it increases by 2.7ºC (1.3 to 4.5ºC) to 4.1ºC (2.0 to 7.1ºC), with the 
biggest increases in southern Britain and the smallest in northern Scotland. 

 Central estimates of annual precipitation amounts show very little change everywhere at the 50% probability level. 
Changes range from –16% in some places at the 10% probability level, to +14% in some places at the 90% 
probability level, with no simple pattern. 

 The biggest changes in precipitation in winter, increases up to +33% (+9 to +70%), are seen along the western 
side of the UK. Decreases of a few percent (–11 to +7%) are seen over parts of the Scottish highlands. 

 The biggest changes in precipitation in summer, down to about –40% (–65 to –6%), are seen in parts of the far 
south of England. Changes close to zero (–8 to +10%) are seen over parts of northern Scotland. 

 Changes in the wettest day of the winter range from zero (–12 to +13%) in parts of Scotland to +25% (+7 to 
+56%) in parts of England. 

 Changes in the wettest day of the summer range from –12% (–38 to +9%) in parts of southern England to +12% 
(–1 to +51%) in parts of Scotland. 

 Relative humidity decreases by around –9% (–20 to 0%) in summer in parts of southern England — by less 
elsewhere. In winter changes are a few percent or less everywhere. 
Summer-mean cloud amount decreases, by up to –18% (–33 to –2%) in parts of southern UK (giving up to an 
extra +16 Wm-2 (–2 to +37 Wm-2) of downward shortwave radiation) but increase by up to +5% (zero to +11%) in 
parts of northern Scotland. Changes in cloud amount are small (–10 to +10%) in winter. 

 Projected changes in storms are very different in different climate models. Future changes in anticyclonic weather 
are equally unclear. 

 For some variables it was not possible to provide probabilistic climate projections. This includes snowfall, lightning, 
and fog. In these cases, projections from the Met Office Hadley Centre regional climate model have been provided.   

 There is no assessment in UKCP09 of how the urban heat island effect may change. 
 It is very unlikely that an abrupt change to the Atlantic Ocean Circulation (Gulf Stream) will occur this century. 

 
This statement has been used, together with other literature sources to fulfil the column “Climate Change Impacts” of the 
table reported I the Annexe. In the table the impact of climate change are mentioned for every single hazard on the hazard 
list. 
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Glossary and List of Abbreviations 

 

 EVA Extreme Value Analysis 
 RFA Regional Frequency Analysis 
 PSR Periodic Safety Review 
 EMI Electro Magnetic Inferences 
 NNB Nuclear New Build 
 OW Offshore Wind 
 PSHA Probabilistic Seismic Hazard Assessment 
 SSHAC Senior Seismic Hazard Assessment Committee 
 HPC Hinkley Point C 
 NG EDF Energy Nuclear Generation 
 FEH Flood Estimation Handbook 
 TORRO TORnado and storm Research Organization 
 ONR Office for Nuclear Regulation 
 WENRA Western European Nuclear Regulators Association 
 IAEA International Atomic Energy Agency 
 Frazil: Frazil ice is a collection of loose, randomly oriented needle-shaped ice crystals in water. It resembles slush 

and has the appearance of being slightly oily when seen on the surface of water. 
 
 


