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Executive Summary
Over the last 10 years, disasters have affected more than 1.5 billion people across the
world. The total cost of these disasters is estimated to have exceeded $1.5 trillion
(UNISDR, 2015a). In 2015, the natural hazards that caused such disasters claimed
over 22,000 lives, affected a further 98.6 million people and cost an estimated US$66.5
billion in damages (UNISDR, 2015b). The recent international agreement of the Sendai
Framework for Disaster Risk Reduction is evidence of the importance that the
international community now places on disaster risk reduction (UNISDR, 2015a). Priority
1 of the Sendai Framework is Understanding Disaster Risk, which exhorts UN members
to:
“Develop and apply methodologies and models to assess disaster risks, vulnerabilities
and exposure to all hazards”;
and to:
“Promote investments in innovation and technology development in long-term, multihazard and solution-driven research in disaster risk management” (UNISDR,
2015a:p15).
In the UK context, the Natural Hazards Partnership (NHP), a consortium of 17 public
bodies, provides authoritative and consistent information, research and analysis on
natural hazards. NHP partners are engaged in the development of a number of Hazard
Impact Models (HIMs). The Hazard Impact Framework, outlined in the following
Chapters, has been developed to support this work.

Purpose
The Hazard Impact Framework (HIF) provides the NHP with a common and consistent
approach to modelling and forecasting natural hazard impacts. Specifically, the HIF is a
source of definitions and common concepts in impact modelling. It provides a standard
series of guidelines and, where necessary, stricter protocols for building and developing
HIMs.

Main Outcomes
The Hazard Impact Framework:




Lays out definitions for, and relationships between, concepts such as Risk,
Impact and Vulnerability. It does so with a clear focus on practical application in
the development of impact models, recommending a scenario-based approach to
probability using examples of existing HIMs to illustrate key concepts.
Suggests terminology for discussion and communication of hazard and impact
science within the NHP and to wider recipients.
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Introduces a number of innovative concepts including the 3D (Danger, Damage,
Denial) classification of impacts and the differentiation between Impacted,
Modelled and Contact receptors.
Provides technical guidance to support the Hazard Impact Production System
(HIPS) concept, under which commonalities between individual HIMs allows their
integration into a multi-hazard impact modelling system. This is to be achieved
partly by the use of web services as a common distribution mechanism for model
output.
Provides HIM developers with a workflow (illustrated in Figure ES1) consisting of
four key phases (Scoping, Modelling, Prototyping and Evaluation) with goals and
activities for each phase. Breakpoints are identified for reviews of progress.
Allowance is made for return to an earlier phase if a mismatch between goals
and resources becomes apparent. On completion of this workflow, the model is
ready to be made operational: subsequent actions will follow the procedures of
the hosting organisation and are outside the scope of the HIF.
1. The Scoping phase calls for HIM developers to review existing science, to
quantify, map and review historical events, and to gather detailed user
requirements. Armed with these aims and evidence, developers then
consider trade-offs that will be required between four overarching
priorities: Data, Science, Timeliness and Communication. At this point a
view can be taken on the prospect of producing a relevant, practical and
robust HIM.
2. The Modelling phase comprises two stages:
 The first stage aims for a deeper understanding of the model’s
feasibility than was possible during the scoping phase. This is
achieved by acquiring or developing a hazard model, reviewing
available receptor data, and arriving at a formal description of the
relationship between the two (how the hazard affects the receptors
and the key factors that drive variations in impact).
 The second stage (conditional on successful completion of the first)
develops a proof of concept model. This goal prompts agreement on
spatial and temporal resolution and on the contact datasets – the
spatial representations of hazard and receptor that will be used to
determine exposure. In addition, it builds an understanding of the
output datasets required to fulfil the user-requirements.
3. The Prototyping phase describes the creation of an “end-to-end
prototype” that, unlike the proof of concept, is fully automated and
operates using live data. The prototype integrates the modelling of hazard
and impact and publishes outputs as web services.
4. The Evaluation phase has two linked components:
 The prototype is trialled in an operational environment. Detailed user
feedback is gathered on performance, possible improvements and
changes required for better integration with existing workflows and
tools.
 Case studies are selected, and prototype outputs for these are
compared with observed impact data (the collation of which may be
a substantial element of this phase).
ii

Benefits










Scientists, technicians and project managers engaged in HIM development are
provided with a clear workflow and extensive advice. Chapters 3 to 7 identify key
issues that need to be addressed during the development process.
Technicians building or maintaining systems utilising HIM outputs are provided with
consistent, standards-based interfaces by all models developed under the
Framework.
Expert users who produce warnings based on their interpretation of HIM outputs are
provided with semantically and visually consistent impact and/or risk information
relating to one or more hazards. It will therefore be easier for these users to prepare
relevant and consistent advice and visual aids explaining complex multi-hazard
incidents.
Responders and decision-makers taking advice from multiple expert users are
assured that this advice uses the same baseline assumptions and understandings.
This eases the alignment of multiple sets of impact information with appropriate
response decisions, actions or behaviours.
Researchers undertaking long-term risk analysis have access to an open and
transparent methodology for incorporating impact into their models. Furthermore, the
approach to probability described in Chapter 2 makes it feasible that future scenarios
for training or future risk assessment can be prepared and delivered using software,
data and architecture that has substantial commonality with the operational HIMs.

Recommendations
The HIF is intended to grow and adapt over time. With that in mind, the first edition of the
HIF has brought to light a number of features that may require action or further
consideration:











HIF maintenance should be carefully considered in order that it remains a credible
and relevant document. Options include the establishment of a HIF working group
and a formal sign-up to the Framework by partner organisations.
There is an urgent need for further development of the HIF in the area of
standardised model outputs. Work on HIMs is proceeding rapidly and a lack of timely
guidance in this regard may undermine the potential to combine model outputs in the
future.
There needs to be consideration into how data, code and methods are shared
between project partners and customers during and at the end of HIM development.
Widespread adoption of the HIF may benefit from the provision of supplementary
documents showcasing detailed examples and guidance for particular hazards or
impact types.
HIM development would benefit from more research into the concept and science of
impact, the mechanics of multi-hazard analysis and the communication of
uncertainty.
The open and transparent structure of HIM model development outlined in the HIF
could be applied to develop longer term hazard assessments. These modelling
efforts may focus on more detailed national risk assessments, or projection of climate
iii




change scenarios. Application of the HIF would help to ensure that these models
conform to the same underlying principles as shorter-term HIMs. This could therefore
help to integrate short and long term multi-hazard impact assessments. Creation of
such a network of models would help to enhance understanding and improve the
delivery of authoritative and consistent information and analysis on natural hazards
for the development of more effective policies, communications and services for
governments and the responder community.
The HIF could be extended to provide guidance and protocols for the collection and
standardisation of disaster damage and loss data.
This edition of the HIF provides a robust platform for the development of improved
strategies to communicate risk and impact to responder communities. Closer NHP
engagement with responders could help to ensure that HIM outputs are more directly
relevant to the actions, behaviours and priorities of responders in an emergency
situation.
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Figure ES1: Workflow for HIM development
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Chapter 1: Background and context for
the Hazard Impact Framework
1.1 Background
Over the last 10 years, disasters have affected more than 1.5 billion people across the
world. The total cost of these disasters is estimated to have exceeded $1.5 trillion
(UNISDR, 2015a). In 2015, natural hazards that caused such disasters claimed over
22,000 lives, affected a further 98.6 million people and cost an estimated US$66.5
billion in damages (UNISDR, 2015b). Consequently, Disaster risk reduction has become a
key national and international priority. This is evidenced by the recent international
agreement of the Sendai Framework for Disaster Risk Reduction (UNISDR, 2015a). The
goal of the Sendai Framework is to “Prevent new and reduce existing disaster
risk…prevent and reduce hazard exposure and vulnerability to disaster, increase
preparedness… and strengthen resilience” (UNISDR, 2015a, p11). Priority 1 of the
Sendai Framework is Understanding Disaster Risk. This priority exhorts UN members
to:
“Develop and apply methodologies and models to assess disaster risks, vulnerabilities
and exposure to all hazards”
and to:
“Promote investments in innovation and technology development in long-term, multihazard and solution-driven research in disaster risk management” (UNISDR,
2015a:p15).
A key message throughout this priority is the promotion of collaborative work and the
continued development of robust scientific and technical work on disaster risk reduction.
Within this context, facilitating and driving the co-ordinated development of Hazard Impact
Models (HIMs) is one of the key work areas of the Natural Hazards Partnership (NHP). HIMs
aim to provide rapid forecasting information within in an operational setting before and during
a natural hazard occurrence. HIM creation is important in the development of hazard/risk
science, in the evaluation of natural hazard risks in the UK, and in the broader context of
collaborative partnership working. The aim of developing HIMs is to provide a consistent
approach and method for assessing the potential impacts and risks of natural hazards
across the UK. HIM outputs will be used by government, meteorologists and responders to
assist in forecasting and risk assessment for civil contingencies and disaster response.
HIMs are being developed in partnership by different organisations across government
(Figure 1.1). Each organisation provides specific contributions and momentum in the forms
of background knowledge, technical expertise, data and technology. The Partnership brings
together a broad spectrum of natural and social science expertise relevant to understanding,
modelling and communicating the risks presented by different types of natural hazards.
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Given this interdisciplinary approach, it is inevitable that a range of methods, terminologies,
modelling structures and output processes will be applied in HIM development. This
incongruity has the potential to impede comparison of results between HIMs, and limit
analysis of multiple overlapping HIMs.

Figure 1.1: Member organisations of the Natural Hazards Partnership (As of Feb. 2017).

All scientific model development demands prioritisation and trade-off between contrasting
but complementary factors. For HIM development, these are acknowledged as a set of
priorities broadly identified as data, science, timeliness and communication (discussed
further in Chapter 4). These must balance model detail, quality and complexity with the
required volume, timeliness and visualisation of results.
The Hazard Impact Framework (HIF), outlined in the following Chapters, addresses these
challenges by providing the NHP with a common and consistent approach to modelling
and forecasting natural hazard impacts.
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Specifically, the HIF is a source of definitions and common concepts in impact modelling. It
also provides a standard series of guidelines and, where necessary, stricter protocols for
building and developing HIMs. The first HIF workshop at the Centre for Ecology & Hydrology
(CEH) in Wallingford 2015 (Annex V) highlighted the importance of Consistency and
Clarity, which underpin the HIF.
The HIF is primarily intended to assist UK developers in creating scientifically robust HIMs,
but also serves as a tool to help identify and address key challenges that may arise before,
during and after HIM creation. However, the HIF should also be accessible and relevant to
wider audiences outside the UK and to non-natural or man-made hazards.

1.2 Aims
Table 1.1 outlines the aims of the HIF.
Table 1.1: Hazard Impact Framework Aims

Hazard Impact Framework Aims

1

Identify the key concepts underlying impact modelling. Ensure that those concepts,
when combined, provide a consistent, appropriate and consistent approach to impact
modelling across all hazards in the UK.

2

Propose a generalised approach for HIM development. Outline key challenges, and
act as a guide for future HIM development and retrospection.

3

Detail technical specifications for HIM formatting for integration into the architecture of
a common virtual environment - the Hazard Impact Production System (HIPS).

4

Propose ideas and identify challenges and recommendations for future HIM
development, considering impact classification, common impacts, and the impacts of
concurrent hazards.

1.3 Benefits
Commonality is a cornerstone of the HIF. This document describes, or identifies the need
for, a diverse set of common methods and tools ranging from fundamental definitions to data
formats.
Taken together, these commonalities benefit the following communities:






Scientists, technicians and project managers engaged in HIM development are
provided with a clear workflow and extensive advice. Chapters 3 to 7 identify key
issues that need to be addressed during the development process.
Technicians building or maintaining systems utilising HIM outputs are provided with
consistent, standards-based interfaces by all models developed under the
Framework.
Expert users who produce warnings based on HIM outputs are provided with
semantically and visually consistent impact and/or risk information relating to one or
more hazards. It will be easier for these users to prepare relevant and consistent
advice and visual aids explaining complex multi-hazard incidents.
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Responders and decision makers taking advice from multiple expert users are
assured that this advice uses the same baseline assumptions and understandings.
This eases the alignment of multiple sets of impact information with appropriate
response decisions, actions or behaviours.
Researchers undertaking long-term risk analysis have access to an open and
transparent methodology for incorporating impact into their models. Furthermore, the
approach to probability described in Chapter 2 makes it feasible that future scenarios
for training or future risk assessment can be prepared and delivered using software,
data and architecture that has substantial commonality with the operational HIMs.

1.4. Structure
The HIF has been designed as a series of separate, but linked, Chapters. Each Chapter
focuses on a specific aspect of hazard impact modelling, and together they cover both the
entire HIM development process and the core concepts of HIM design. The Chapters can be
read as individual documents, or as a single report throughout the HIM development
process. It is recommended that the HIF is read in its entirety before creating a HIM, as
some features need to be borne in mind from the outset.
Chapter 1 provides a broad context behind the Natural Hazards Partnership, Hazard Impact
Model development programme, and the need for an underlying Hazard Impact Framework.
Chapter 2 defines core concepts in Hazard Impact Modelling and describes how they may
be converted from raw concepts into NHP model components.
Chapter 3 provides an overview of the HIM development workflow and its four key phases:
Scoping, Modelling, Prototyping and Evaluation. Detail of the four phases is included in
Chapters 4, 5, 6 and 7.
Chapter 4 discusses the Scoping phase in more detail including a description of four key
HIM priorities which must be evaluated against each other: Data, Science, Timeliness and
Communication.
Chapter 5 presents advice, guidelines and, where necessary, protocols for key decision
points in the Hazard Impact Modelling phase. This Chapter is separated into two stages that
consider HIM feasibility and the practical development of proof of concept models. The
Chapter has been developed based on current NHP understanding of Hazard Impact
Modelling and experience of creating Surface Water Flooding and High Winds (mostly from
Vehicle OverTurning) HIMs. Further evidence is also provided in a review of the Scottish
SWF HIM pilot (Annex IV).
Chapter 6 considers the Prototyping phase of HIM development. This Chapter details the
creation of a standalone prototype system from the proof of concept model created in
Chapter 5. Prototyping shifts focus from what can be done to how it is to be done. This
includes discussion of the requirements, demands and restrictions associated with HIM
implementation in an operational environment. Features such as model outputs are
considered in terms of the underlying technical architecture in which the HIM will operate.
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Chapter 7 focusses on the key aspect of Evaluation. This includes quality assurance
procedures throughout the process, verification of input data and scientific methods, and
validation of modelled results against real-world observations or secondary datasets.
A supplementary HIM factsheet (in excel format) provides technical and scientific details for
the following HIMs: Surface Water Flooding, High Winds (Vehicle Overturning) and The
Glasgow Surface Water Flooding Pilot. The factsheet provides information in alignment with
the HIM workflow (Figure 3.1), referencing each row of information to relevant HIF sections.
Annex I outlines plans for future development of the HIF including key challenges and future
avenues of research within the HIF.
Annex II contains a glossary of terms used within the HIF and within the NHP.
Annex III contains a list of current NHP members.
Annex IV contains a review of the Scottish SWF HIM pilot from a HIF perspective .
Annex V contains a summary report detailing the outcomes and recommendations from the
first HIF workshop (15 October 2015, CEH Wallingford).
Annex VI contains a summary report detailing the outcomes and recommendations from the
second HIF workshop (7 December 2016, HSE Buxton).
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Chapter 2: Key Concepts in Hazard
Impact Model development
This Chapter introduces the broad approach and terminology of models that underpin the
Framework. Key Hazard Impact Framework (HIF) elements relating to model interoperability
are highlighted before a high level view of the two existing Natural Hazards Partnership
(NHP) Hazard Impact Models (HIMs) is provided.
Table 2.1: Chapter 2: Key definitions

Term

Definition

Reference

Exposure

The situation of people, infrastructure, housing, production
capacities and other tangible human assets located in hazardprone areas. NB. Elements are referred to as Receptors in this
document.

(UNISDR,
2017)

Hazard

A process, phenomenon or human activity that may cause
loss of life, injury or other health impacts, property damage,
social and economic disruption or environmental degradation.

(UNISDR,
2017)

Impact

The total effect, including negative effects (e.g., economic
losses) and positive effects (e.g., economic gains), of a
hazardous event or a disaster. The term includes economic,
human and environmental impacts, and may include death,
injuries, disease and other negative effects on human physical,
mental and social well-being.

(UNISDR,
2017)

Receptor

The entity that may be harmed (a person, property, habitat etc.).

FLOODsite
(2005)

Risk

The potential loss of life, injury, or destroyed or damaged assets
which could occur to a system, society or a community in a
specific period of time, determined probabilistically as a function
of hazard, exposure, vulnerability and capacity.

(UNISDR,
2017)

Vulnerability

The conditions determined by physical, social, economic and
environmental factors or processes which increase the
susceptibility of an individual, a community, assets or systems to
the impacts of hazards.

(UNISDR,
2017)

2.1. The Risk Triangle
Risk is a concept that humans come to understand at a young age. It is the nexus of
uncertainty and an unwelcome outcome. Jumping from a high wall carries risk, as does
annoying the neighbour’s cat. Despite this common intuitive understanding, more
detailed definitions of risk vary widely. An internet search for “risk equation” will return
many variations on a theme.
The starting point for the Hazard Impact Modelling process is the Risk Triangle
(Crichton, 1999) depicted in figure 2.1. Crichton (1999) was writing with regard to the
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insurance industry, and sought to show how the risk to insured properties was
determined by three factors, which align with the definitions in table 2.1:
-

The frequency and severity of a dangerous phenomenon, or Hazard.
The Vulnerability of each individual property to that hazard – how severely
affected the property would be by a given severity of hazard.
The properties’ Exposure to the hazard: the number of properties (or, more
meaningfully to an insurer, the total insured value) affected by any given
occurrence of the hazard.

Figure 2.1: The Risk Triangle (adapted from Crichton, 1999)

This relationship is commonly accepted in the field of disaster risk reduction (UNISDR,
2017). For the purposes of quantifying the relationship, it is widely expressed using the
following equation (PreventionWeb, 2015):
Risk = Hazard x Exposure x Vulnerability
The risk of damage to the properties is symbolised by the area of the triangle – in figure
2.1 the difference in risk between the examples is a consequence of reduced exposure.
The actual areas are meaningless – the triangle is a conceptual tool to aid
understanding of what can be done to reduce risk, rather than providing a means to
arrive at a measure of relative or absolute risk.
Two factors absent from the triangle are geography 1 and the uncertainty of outcome that
is integral to risk. In the field of natural hazards, the former is implied to be a
contributory factor in both Exposure and Hazard. This ensures that all NHP hazard
impact modelling takes geography into account. Regarding uncertainty, Crichton (1999)
describes Hazard as a combination of frequency and severity – a relationship that might
be expressed as the probability that a hazardous event of a particular severity will
occur.
1

Encompassing, but not limited to: the location of different types of receptor, the spatial variability of both
receptor vulnerability and hazard intensity and the pathways and barriers in the landscape that influence the
latter.
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As the name implies, Hazard Impact Modelling seeks to enhance the modelling of
hazard events by providing an estimate of the likely impacts – the (negative) effects of a
hazard on one or more Receptors (valued entities at risk of harm). To provide realistic
outputs, such a model must be explicit about both geography and uncertainty. As such,
it is necessary to look beyond the neat conceptualisation of the risk triangle.

2.1.1. Spatial analysis
Figure 2.2 below abstracts the mapping and geographical analysis of hazard impacts. In
the diagram both Hazard and Receptor are encompassed by Space, as it is their
location and spatial characteristics that are important in this context. The overlap
between Hazard and Receptor (shaded grey) signifies the geographical space within
which the former affects the latter.

Figure 2.2: The Spatial Analysis of Hazards (adapted from Mooney, 2007)

When assessing the impact of a hazardous event, the identification of this spatial
overlap is the fundamental geographical problem. This is seen most explicitly when the
problem is being solved with software because it must be broken down into a series of
simple operations. Other operations may take place beforehand and afterwards but this
problem must be solved (at least once) in order to complete the analysis. It is the
common thread running through all spatial hazard impact studies.
Returning to the terminology of the triangle (Figure 2.1), the output of this analytical
operation is a measure of Exposure (shaded grey in figure 2.2). In a simple mapping of
Hazard, Exposure is binary for each individual receptor – it is either exposed to the
hazard or it is not. In a more sophisticated example, hazard intensity might be mapped,
and exposure would be an indicator of how severely a receptor was affected. It is
important to note that exposure is often used to refer to the totality of the receptors
exposed – in such cases it means the exposure of the wider body of receptors to the
hazard.

2.1.2. Probability
Crichton (1999) points to frequency and severity as important characteristics of a
hazard when considering risk. If a hazard has a known frequency (for natural hazards,
this would be drawn primarily from historical records) then a probability of exceedance
within a given time period can be calculated. This is the principle behind the “return
period” terminology that has traditionally been applied to floods: If a flood level has a
return period of 1 in 100 years, it is said to have a 1% Annual Exceedance Probability –
i.e. the flood has a 1% chance of being exceeded in any year (EA, 2010).
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When expressing the risk to individual receptors, this is an adequate approach for
hazards that have a predictable spatial extent – in the case of a stretch of river, the area
that will flood (the hazard Footprint) may be easily predictable and the analysis in figure
2.2 is easy to set up.
However, there are many hazards for which the footprint is less predictable. For
example, an industrial hazard that has the potential to release toxic gas will have a
footprint that is highly dependent upon wind direction. In this case the probability of any
given receptor being exposed to the hazard is a combination of the probability of
occurrence and that of the wind blowing the right way. To extend this example, a third
variable might be wind speed and a fourth might be the quantity of gas released.

2.1.3. Impact scenarios
To return to the river flood example, the impact of a flood of a given Annual Exceedance
Probability can be thought of as a single impact scenario. If a number of Annual
Exceedance Probabilities are modelled then the scenarios modelled provide a
relationship between probability and impact level. This relationship represents a
measure of the risk that river floods present to the locality as a whole, rathe r than to
individual receptors. In the UK, the Health and Safety Executive (HSE) label the risk to
multiple persons as “societal risk” in contrast to “individual risk” (HSE, 2001).
Useful information can be generated by focussing on the relationships between impact
and risk across scenarios, rather than the risk to individual receptors. For example, it
might be seen that in one scenario only a small number of houses in a village might be
flooded, while a more severe scenario would increase the number of affected houses
and would also knock out the electricity supply to the village as a wh ole, necessitating
much greater support from outside the community. Although the loss of electricity supply
could be given as a probability, associating it with scenarios above a certain level of
severity helps to inform emergency planning and response.
Table 2.2 provides an example of the value of scenario-based assessment. In this case,
three receptors (1, 2 and 3) are each affected by one of three equally likely hazard
scenarios (A, B and C). Each receptor can be said to have a 33% chance of being
impacted. However, taking a view across all the scenarios reveals that all of the impact
occurs under Scenario C.
Table 2.2: Comparison of scenario and individual receptor-based
risk assessments
Impacted?
Scenario
Scenario
Scenario Individual receptor
A
B
C
probability of
impact
Receptor 1
N
N
Y
33%
Receptor 2
N
N
Y
33%
Receptor 3
N
N
Y
33%
Scenario-based
0
0
3
impact count

In the case of the toxic gas hazard described above, a scenario-based approach to
modelling risk might look at eight wind directions, five wind speeds and three gas
12

quantities – giving 120 (8 x 5 x 3) scenarios. Given the widespread availability of
powerful computers, risk assessment by this method is not as intimidating a task as it
once was. However, the number of scenarios (and underlying variables that differentiate
them) is still an important design consideration when adopting a scenario-based
approach. This is due to decisions that need to be made regarding how outputs will be
used and how they can be usefully formatted for end user interpretation.
Fortunately, in operational Hazard Impact Modelling (as opposed to Risk Analysis, for
which model runtime is not so critical) the number of scenarios is constrained by the
model inputs. A model assessing the possible impacts of an escape of toxic gas would
be able to draw upon forecasts of wind speed and direction and an estimate of the
amount of gas being released – data from which a more limited set of scenarios could
be generated.
Dealing with probability outside the spatial modelling realm raises the intriguing
prospect of developing HIMs that serve both real-time forecasting and long term Risk
Analysis functions. The key difference between the two modes would be the number
and nature of scenarios that are run through the model. For example, it is likely that a
longer-term Risk Analysis model may focus on a small number of carefully selected
scenarios, which are assessed in great detail. Conversely, real-time forecasting may
prioritise a large number of scenarios to better understand shorter-term weather
patterns and their potential impacts. Assessment of these scenarios may be at a higher
level to provide expert users with timely evidence before and during an incident.
Chapter 4 discusses trade-offs that need to be considered between key model priorities
of science, data, timeliness and communication. The nature of the model (forecasting or
Risk Analysis) will play a large role in how the four priorities are balanced.

2.1.4. Risk, via Impact
If the risk triangle (Figure 2.1) is considered without regard to geography and
uncertainty (accounted for by spatial analysis and scenario-based modelling,
respectively), then the outcome of interaction between a hazard and an exposed
receptor is Impact – the nature of which is dependent on the vulnerability of the receptor
and the intensity of the hazard that it is exposed to. Figure 2.3 expresses these
relationships diagrammatically:

Figure 2.3: The relationship between impact and risk.
Bringing Hazard, Exposure and Vulnerability together, a spatial HIM aims to calculate
Impact in particular locations under particular scenarios. Considered en masse, in
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conjunction with their individual geographical and probabilistic
calculations give a measure of Risk.

context,

these

2.1.5 Approaching Impact
The neat conceptual diagrams provided above are at odds with the complex reality of
producing a model within practical constraints, particularly those relating to input data.
In an attempt to address this complexity, Figure 2.4 is a deliberate reworking of figure
2.2 - shifting emphasis from the key spatial process undertaken during HIM execution to
the key relationships underlying that process. It is intended purely to support thinking
during HIM design and is not a further conceptual view of the relationships between
Hazard, Space and Receptor.

Figure 2.4: Key Relationships in Spatial Hazard Studies (adapted from Mooney, 2007)

There are three relationships to address (Shaded grey in figure 2.4):
•
Hazard / Space (H/S): The means of arriving at a distribution of hazard intensity
across space. The output can be simple (e.g. a footprint of uniform intensity based on
drawing a circle around a point of origin) or complex (e.g. a continually varying surface
emerging from a numeric model) and can be developed as part of the HIM or be an
output from an existing hazard model.
•
Hazard / Receptor (H/R): The mechanism by which the equation in figure 2.3 is
implemented. Given a known intensity of hazard, and relevant vulnerability
characteristics of a receptor, this will provide an estimate of impact.
•
Receptor / Space (R/S): A source of information about the spatial distribution of
receptors, accompanied by any information relevant to their vulnerability to the hazard.
The three relationships are themselves related (a relationship occupying the central
H/R/S overlap in the diagram): in theory, the needs of H/R drive the specification of the
other two, but often an absence of the necessary information at the necessary scale (a
particular issue with R/S) can impact on how this relationship is modelled. Similarly, the
scales at which R/S and H/S are portrayed are linked: mapping millions of individual
receptors to the nearest metre is inappropriate when the resolution of the hazard mo del
is in the tens of kilometres.
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2.2. Multi-hazard modelling
2.2.1. HIM, HIF and HIPS
The origin of the HIF lies in an earlier NHP concept: the Hazard Impact Production
System (HIPS). This envisioned multiple HIMs as components of a single software
package that provided a multi-hazard picture. This concept evolved to the decoupled
vision portrayed by Figure 2.5. The HIPS acronym survives, but now refers to a “virtual”
system composed of multiple self-contained “modules” (the HIMs), all conforming to a set of
standards (the HIF).

End users

Expert
operational
users

Research
Users (NHP)
Strategic
users
(Policy and
decision
makers)

Modelling /
analysis organised
into a series of
Hazard Impact
Models with
standardised
outputs.

Web services
delivered via
internal
(Met Office)
& external
networks

Operational
Hazard Impact Production System

Modules comply to a common
Hazard Impact Framework - a set of
standards covering conceptualisation
of hazard impact, output data
formats, archiving protocols and
visual design.

Access to module archives

Figure 2.5: The Hazard Impact Production System
This approach means that individual NHP partners can work with the software and
hardware most suited to their task with the confidence that their outputs will be compatible
with those of the wider group. Practical constraints may require operational HIMs to be run at
a single location, but the design does not dictate this.

2.2.2. OGC Web services
A core principle of the HIPS concept is that all HIMs will make their outputs available via web
services conforming to the internationally recognised standards set by the Open Geospatial
Consortium (OGC). The key strength of this approach is that both HIMs and downstream
systems (e.g. desktop front-ends) can be added or updated without disrupting other
elements of the system. More detail on OGC web services can be found in Chapter 6.

2.2.3. Common inputs
To provide a coherent picture of impacts across multiple hazards, it is essential that ,
where possible, the receptor information used by all HIMs should be derived from
common and authoritative sources. The use of non-identical datasets to measure the
same feature in different HIMs will challenge future comparative work and demands an
unnecessary replication of data collection. At present there is no formal structure within
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the NHP to ensure that this happens. However, as HIMs become operational, it will
have to be accounted for in update and maintenance programmes. A practical approach
would be to assign each dataset an “owner” who may or may not be the originator of the
dataset, but who would co-ordinate updates using that dataset.

2.2.4. Impact categorisation
Three impact categories (nominally termed the ‘3 Ds’) are suggested as standardised hazard
impact categories that can be adopted for use across HIMs (discussed further in Chapter 5).
1. Danger: immediate human injury / death.
2. Denial: temporary loss of access to a location, facility or transport route.
3. Damage: physical damage to property, infrastructure and land.
Ideally, at the atomic level (individual buildings, stretches of road, infrastructure sites etc.), all
impact to receptors will be given as a binary yes / no for all three of these categories. For
instance, a section of road subject to flooding could suffer any combination of Danger (any
person or vehicle using it would be endangered by the floodwater), Denial (the road would
consequently be closed to traffic) or Damage (due to sediment deposition or erosion of
supporting soil) – including all three together.
The origin of this categorisation was a desire to ease integration of results from multiple
hazard models. When assessing the strategic impact of a combination of natural hazard
events on, for instance, the road network, the primary information required is whether a given
part of the network is likely to be out of action (“denied”), not the nature of the impacting
hazard. Describing impacts in this basic form across HIMs would make assembling data for
such assessments a more straightforward task.
Further information on impacts can be inferred from the nature of the receptor, and this
enables a second tier of common impact descriptions that can be applied to an area rather
than a specific receptor. The following are used for the Surface Water Flooding (SWF) HIM:
-

Danger to Life
Damage to Buildings
Disruption of Key Sites and Infrastructure (Denial of access)
Disruption of Transport (Denial of access)

A definitive list of these descriptions has not yet been arrived at. For example, it is
anticipated that the disruption of transport will be expanded to include other infrastructure
networks (communications, utilities etc.). It is important to note, however, that not all HIMs
(and, possibly, none of them) will output the full range of impact descriptions. For example,
the Vehicle OverTurning (VOT) HIM only measures denial of transport routes and only
considers roads.
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2.2.5. Common Outputs
This is an area of the Framework that is still under development. Agreeing a common
categorisation of impact is a valuable first step, but true multi-hazard capability will require
convergence of reporting geographies and (to a lesser extent) descriptions of impact
severity. The following represents some initial thoughts on the subject:


Three geographical forms of representation can be anticipated (see figure 2.6):
o Data representing identifiable receptors: Given the vast number of possible
receptors, this level of representation is only practical for a limited number of key
items, e.g. main roads and infrastructure sites. The VOT HIM uses this, outputting
risk ratings for road segments.
o Gridded data. A consistent geography showing moderate detail across space. The
majority of outputs from the SWF HIM are formatted as a 1km grid.
o Administrative geographies (counties, districts, constabulary areas, etc.). SWF HIM
generates a number of summary outputs of this type. Successful use of this across
multiple HIMs will require agreement on the administrative geographies used.
 Where outputs are in the first (identifiable receptor) format, it is vital to the success of
multi-hazard modelling that input data (see above) is co-ordinated across different HIMs.
 OGC web services provide two fundamental ways of accessing geographic data: as raw
datasets that can be imported into user software and as formatted map images. For the
latter, the Framework will establish standard map symbology, so that documents and
displays composed of multiple HIM outputs can be easily comprehended.
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A

B

C

Figure 2.6: Example outputs. A) Receptors (VOT), B) 1km grid (SWF), C) Administrative
geography (SWF). Background mapping: © Crown Copyright and database right 2017.
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2.3. Progress to date: the Vehicle OverTurning (VOT)
and Surface Water Flooding (SWF) HIMs.
The HIF is intended both to guide the development of HIMs and to be based upon the
practical experience of HIM implementation. As such, the first two HIMs have been
brought to the prototype stage in parallel with the first version of this document (also
see supplementary HIM factsheet). The common starting point for both models was the
HIPS concept outlined above.
Figure 2.7 is a high-level description of the HIM process embodied in both VOT and SWF
models. It is based on an examination of the working implementations of the models.

Figure 2.7: Basic HIM structure (derived from VOT / SWF prototypes).
Processes are represented as blue rectangles, and data / outputs as purple rhomboids.

Both models begin with forecast data relating to a natural phenomenon: wind gusts in the
case of VOT, rainfall in the case of SWF. In both cases, the production of the underlying
weather forecast can be considered part of the process chain (specifically the “forecast
natural process” box) but in the case of SWF additional processing takes place to calculate
surface runoff via the Grid-to-Grid model.
The forecast is then compared with a series of thresholds to determine whether the
phenomenon presents a hazard. In the case of VOT, the thresholds used are related to the
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characteristics of generic receptors (vehicles) and are applied to the entire area covered by
the model. SWF, on the other hand, uses threshold grids that apply locally appropriate
values that relate to geography, not receptors. The use of multiple thresholds allows the
variations in hazard intensity to be modelled: as wind speeds go up, more types of vehicles
are vulnerable, while increasing surface runoff increases the area liable to flood. In both
cases, the proportion of the receptor population exposed increases.
The straightforward process depicted in Figure 2.7 belies significant differences in approach
between the two:








SWF offloads the detail of hazard / receptor interactions to offline processing, the
summary outputs of which are stored as an “impact library”, while VOT represents this
interaction (in a less spatially specific way) through both the setting of thresholds and
the use of probability modifiers when quantifying risk.
A major conceptual difference between the two models concerns probability. Both
models make use of probabilistic weather forecast (ensemble) outputs – running the
hazard model element over and over again, once for each weather model “member”.
The difference in approach is how impacts are dealt with: SWF calculates these on a
per member basis and then summarises the probability of the results, while VOT takes
probabilistic hazard data and modifies the probabilities to reflect localised variations in
vulnerability and exposure (defined as traffic levels on the roads). In other words, for
each ensemble member, SWF produces an impact scenario, while VOT produces a
hazard scenario.
VOT was the first model to be developed, and is concerned with impacts on a
particular set of receptors. A very straightforward approach was taken to the visual
design of the model’s outputs: they are portrayed by geographic objects (points or
lines) representing stretches of road affected by high winds, with a traffic-light colour
scheme conveying the level of risk (see figure 2.7).
The SWF model was intended from the outset to produce a range of outputs, and the
impact library method used meant that no information can be produced on an
individual receptor basis. The outputs (examples given in figure 2.7) make use of a
combination of grid square and administrative area geographies, and fall into two
broad categories – those portraying the probability of a particular outcome (e.g. severe
Disruption of Transport, minor Danger to Life) and those portraying the maximum level
of impact predicted. With over 60 output maps being generated, the decision was
made to avoid making each one visually unique, and the user needs to be aware of
which output they are viewing. Additionally, the decision was made to avoid the red /
amber / yellow / green colours used for VOT as these had particular meaning within
existing warning schemes.

20

Chapter 3: Hazard Impact Modelling
overview
This Chapter provides an overview of the Hazard Impact Model (HIM) workflow. The
workflow describes processes that need to occur in the course of HIM development. Four
key phases are described: Scoping, Modelling, Prototyping and Evaluation (figure 3.1).
Horizontal grey bars in the diagram represent points in HIM development where key
decisions should be recorded. This document suggests that individual reports should be
drafted at these stages. The size and scope of such records should be proportional to the
size of the modelling project to avoid the process becoming over-bureaucratic. A
supplementary HIM factsheet (in Excel format) provides technical and scientific details for
the following HIMs: Surface Water Flooding, Vehicle Overturning and The Glasgow Surface
Water Flooding Pilot. The factsheet provides information in alignment with the HIM workflow
(Figure 3.1), referencing each row of information to relevant HIF sections.
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Figure 3.1: Workflow for HIM development
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3.1. Scoping
Hazard and impact scoping describes the process of developing a greater background
understanding of the factors relating to the occurrence of a given hazard and its associated
impacts. This background understanding helps to inform the subsequent HIM development
steps, and helps to identify appropriate sources of data and methodologies to be used in an
implementable HIM (Chapter 4).

3.2. Modelling
The emphasis of this phase is on the distillation of lessons learned from the scoping exercise
into a model (HIM) capable of presenting information about the potential intensity and
probability of a hazard based on current and forecasted meteorological and biophysical
conditions as well as the potential severity and types of impact arising from the interaction of
the hazard and the receptors. The modelling phase is split into two stages. The first stage
builds on the Scoping phase to develop a stronger understanding of project feasibility. This
includes development of data, methods and formulae required to build the HIM. The second
stage is development of the proof of concept model. This includes identifying how the core
concepts will be implemented and what model outputs are required to fulfil user
requirements (Chapter 5).

3.3. Prototyping
Over the course of the prototyping phase, the emphasis of HIM development moves from
research to implementation. Chapter 6 discusses decisions that need to be made on spatial
and temporal resolution and reporting geographies. Methodological development can
continue in parallel, but the nature of the model becomes more fixed as this phase proceeds.
The existence of common guidelines (in the form of the HIF) helps to shape decisions at this
phase – for instance, it is important that HIM outputs are published via the required Open
Geospatial Consortium (OGC) methods.

3.4. Evaluation
This phase considers how to ensure, and if possible measure, the quality of the data and
science going into the model as well as the relevance and accuracy of the model outputs.
Chapter 7 contains more information on the evaluation phase including key challenges for
verification and validation of the model as well as a guide for setting up a near operational
trial phase before implementation.
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Chapter 4: Hazard Impact Scoping
The primary aims of the scoping phase are:
1. Understand the current state of science associated with a particular type of natural
hazard and its impacts.
2. Identify opportunities for developing a model in context with other modelling and
user-focussed considerations.
At the end of the scoping phase, model developers will have a clear understanding of the
requirements of a HIM from a scientific and user perspective.

4.1. Hazard Impact Model priorities
Successful implementation of a Hazard Impact Model (HIM) requires consideration of four
priorities: Data, Science, Timeliness and Communication. Answering the priority-themed
questions listed in table 4.1, via fulfilment of the three scoping elements (Table 4.2), provides
the information required to initiate development of a relevant, practical and robust HIM.
Table 4.1: Hazard Impact Model priorities

Priority

Description

Data

Understanding the quality and availability of suitable data sources is essential for
producing a robust HIM. If the following questions can be answered to the project
group’s satisfaction, then a given dataset can be used for modelling and
analysis.






Does a suitable dataset exist?
Is the required data available?
Is it in a useable format?
Is the cost of acquisition / licensing / pre-processing reasonable?
Does it meet quality requirements for currency, completeness, accuracy and
precision?
 Does it have required detail?
 Are there any data protection or ethical concerns?
 Has appropriate data already been collected, or is already in use for a
different HIM development project?

Science HIMs should be based on established science evidenced through publication or
use within government/commercial activity. However, the process of HIM
modelling may involve development of new concepts and methodologies. The
following questions are designed to assess understanding of the current state of
science and the potential for adopting or advancing it during HIM creation.
 What is the current state of science for understanding and modelling the
hazard?
 What is the current state of science for understanding and modelling the
impacts?
 What is an appropriate scale and lead-time for provision of forecasting data?
 How well are the hazard/receptor interactions understood?
 Are there established models in existence? Do they fit into a HIM?
 If established science is not in existence, what stage is it at?
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Table 4.1 (continued)

Priority

Description

Timeliness

HIMs may be implemented within operational environments, where input
data are derived from live forecasting feeds and where regular repeat
outputs are required to inform a current and continual estimation of risk.
The following questions are designed to develop understanding of the
technological platform the HIM will be operating in and evaluate how
regularly a HIM needs to produce results.





Is the HIM required to process using live feed input data?
What is the required processing time for HIM outputs?
How frequently do end users require HIM outputs?
What is the scope for increasing IT infrastructure or operative
support? Is this a feasible and/or economic use of resources?

Communication Communication of HIM outputs is a critical feature for ensuring that the
implemented HIM is relevant and useful for end users. This means that
the format and visualisation of outputs requires consideration and
consultation with end users and other stakeholders. The following
questions develop understanding of the end user’s broad requirements.









Who are the primary users for HIM outputs?
What do they plan to use HIM outputs for?
What information do they need to get from the HIM?
What are their required output formats?
How can these requirements be realised in the HIM?
Is access to more detailed results, or higher level outputs, required?
Do the outputs provide sufficient scope for understanding the hazard
and the impacts?
Are the outputs manageable? Is there a risk of overwhelming users
with data?
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4.2. Scoping elements
Table 4.2 details the three scoping elements presented in figure 3.1. Completion of the three
elements fulfils the primary aim of the scoping phase by producing a detailed account of the
current state of science and technology. These elements should describe all of the features
of a prospective HIM.
Table 4.2: Scoping Elements

Element

Description

Review of
existing
science

A critical review of existing research into the processes that underpin the
natural hazard and the factors that influence impact.
Established science forms the basis of all HIM development. Using this as
a platform for research helps to ensure that all further progress is built on
robust, peer-reviewed concepts and methodologies.
This element also highlights potentially useful data sources and
technologies, which can help ensure that the provenance of data used
across HIMs can be tracked robustly and that available datasets can be
re-used if appropriate.

Quantify,
map and
review
historical
events

A quantitative review of data and literature on historical events paying
particular attention to spatial scale, temporal frequency and hazard
intensity (based on meteorological and biophysical measurements).

Gather
detailed user
requirements

Liaison with end-users to determine what is required of the HIM outputs.

Historical Impact Assessment is the process of collecting information for
the impacts associated with historical hazard events. As well as providing
evidence and reasons for the creation of the HIM, this activity also helps
to identify the breadth of impacts that might occur, their potential severity,
and information sources that might be used in the model.

This may be done through a combination of meetings, targeted
questionnaires, and discussions with experts in the subject area and
within the Natural Hazards Partnership.
An emphasis should be placed on responder requirements. Effective
understanding of these helps to ensure that any advice interpreted from
HIM outputs is useful and relevant to individuals / organisations that may
need to use the information to implement emergency management
strategies. Input can be sought directly or on a secondary basis through
end-users such as forecasters.

4.3. Trade-offs
Answering the questions detailed in table 4.2 should produce a specification for generating
the ideal HIM. However, a realistically implementable HIM demands trade-offs between the
four priorities detailed in table 4.1. This is due to practical restrictions on data quality,
scientific maturity, processing requirements and operational support. These trade-offs should
not be considered in isolation; optimised solutions will require the balance of all 4 priorities.
Table 4.3 presents examples of trade-offs that must be addressed to ensure that a final HIM
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is fit for purpose for all stakeholders. The scope and nature of trade-offs will be specific to
individual HIM projects.
Table 4.3: Example Hazard Impact Model priority trade-offs and potential solutions

Trade-off

Description

Currently available data or science may not be sufficient to achieve the
Data /
outputs desired by end users. To resolve this, HIM developers may
Science vs
Communication need to:




Data vs
Timeliness

Collect of create new data,
Develop new scientific techniques and concepts, or
Refine end user requirements to match the potential for existing
data/science.

It may not be possible to access and process the most appropriate data
within suitable time limits. This may be due to the volume of the data
and limitations imposed by IT infrastructure, including storage and data
transformation restrictions. Possible solutions may be realised by:
 Improving the underlying infrastructure and support, or
 Simplifying the data model requirements, either in the volume and
quality of data used, or in the manner of processing.

This trade-off balances the needs of the users against the capability of
Timeliness vs
Communication the HIM to produce results within an appropriate time frame. This
includes consideration of the time taken to interpret, translate and
communicate those results as advice to third parties. Addressing these
points may require:
 Prioritisation of HIM outputs by criticality of user requirement,
 An understanding of user requirements and interpretation times,
 Provision of additional operational support to ensure adequate
interpretation of HIM outputs.

4.4. Agreed User Requirements Document
When the scoping elements and trade-offs have been resolved to the project group’s
satisfaction, it may be appropriate to record the outcomes in an Agreed User
Requirements document. This document should include:




An overview of the current state of the science, potentially available data and the
broad user requirements, via an account of the three scoping elements.
A summary of the resolved trade-offs between data, science, timeliness and
communication.
An acknowledgement of the major areas of uncertainty. These may include known
gaps in the science, poor quality or expensive data and timescale challenges. At this
stage, measurements do not need to be explicit as they are only an indication of the
potential project risk.

If the document meets the project group’s satisfaction, the project can continue. However, if
major barriers to progress are identified, the project group may decide to redefine the scope
of the project, conduct further research into, or await scientific or technological development
before restarting (See figure 3.1).
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Chapter 5: Hazard Impact Modelling
The modelling phase applies the decisions made in the scoping phase (Chapter 4) towards
development of a Hazard Impact Model (HIM). The modelling phase involves collecting data,
and building each of the HIM components.
Table 5.1: Chapter 5: Key definitions

Term

Definition

Reference

Damage to
property

Physical damage to property, infrastructure, land and
environment.

HIF (2017)

Danger to life Human injury, death, loss of health and wellbeing.

HIF (2017)

Denial of
access

Partial/total temporary loss of access to a location, facility or
transport route.

HIF (2017)

Contact
Datasets

Contact datasets are defined as the datasets used in a HIM
to identify exposure – the point where hazard and receptor
come into contact. The contact datasets could be removed
from the raw datasets.

HIF (2017)

Geographic
Information
System

A set of computer tools for collecting, storing, retrieving at
will, transforming, and displaying spatial data for a particular
set of purposes.

Burrough,
McDonnell and
Lloyd (2015)

Hazard

A process, phenomenon or human activity that may cause (UNISDR, 2017)
loss of life, injury or other health impacts, property
damage, social and economic disruption or environmental
degradation.

Impact

The total effect, including negative effects (e.g., economic
losses) and positive effects (e.g., economic gains), of a
hazardous event or a disaster. The term includes economic,
human and environmental impacts, and may include death,
injuries, disease and other negative effects on human
physical, mental and social well-being.

(UNISDR, 2017)

Raster data

A regular grid of cells covering an area.

Burrough,
McDonnell and
Lloyd (2015)

Receptor

The entity that may be harmed (a person, property, habitat
etc.).

FLOODsite
(2005)

Risk

The potential loss of life, injury, or destroyed or damaged
(UNISDR, 2017)
assets which could occur to a system, society or a community
in a specific period of time, determined probabilistically as a
function of hazard, exposure, vulnerability and capacity.

Vector data

The representation of space as points, lines and polygons.

Burrough,
McDonnell and
Lloyd (2015)

Vulnerability

The conditions determined by physical, social, economic and
environmental factors or processes which increase the
susceptibility of an individual, a community, assets or
systems to the impacts of hazards.

(UNISDR, 2017)

28

The aim of this Chapter is to highlight HIM features that need to be considered during the
initial modelling phase, up to and including creation of a working proof of concept model. The
approach ensures that:
1. Outputs are suitable for specific individual end users.
2. HIM uncertainties and limitations are understood and can be communicated.
3. The HIM can be reformatted for broader research and strategic use across multiple HIMs.
The modelling phase comprises two stages that can broadly be described as
Understanding the feasibility, and Developing the proof of concept (Figure 3.1).

5.1. Stage 1: Understanding feasibility
Stage 1 is focussed on understanding the practical feasibility of the project. This stage
includes collecting the scientific methods, models and data required to build the proof of
concept model. Specifically, this includes developing or acquiring a hazard model,
reviewing the available receptor data and formalising the hazard / receptor
relationship (figure 3.1). The criteria have been informed by the experience acquired by the
Natural Hazards Partnership (NHP) during HIM development. At the end of this stage, it may
be appropriate to produce a feasibility report. The feasibility report will make
recommendations on whether it is appropriate to proceed, and whether there is a need to
either refine the model specification or revisit the scoping phase.

5.1.1. Develop or acquire hazard model
Table 5.2 describes key considerations that need to be made in acquiring or developing an
appropriate hazard model.
Table 5.2: Considerations for developing or acquiring a hazard model

Hazard
model Description
components
Hazard model
input data




Hazard model
structure








The format of input data into the hazard model is a key feature in
determining how the final risk product is created and is therefore a
key consideration in the HIM process.
The use of real time input data satisfies requirements for the
provision of up-to-date hazard impact information to forecasters.
Therefore, an appropriate hazard model should be able to make
use of live data feeds.
How is the spatial extent of the hazard modelled? (Is the hazard
modelled as a raster grid or as vector polygons/lines/points)?
How is hazard intensity defined or measured?
Does hazard intensity need to be stratified? If so, how?
Can the model incorporate measurements of time? If so how?
Hazard models should be able to record some measurement of
time. This may provide information on the duration and peak of
the hazard intensity.
Where are the main areas of uncertainty in the model?
Do these need to be improved or better understood?
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5.1.2. Review available receptor data
The scoping phase will produce a review of receptor types relevant to the hazard in question
and existing sources of receptor data. A non-exhaustive list of potential receptor types can
be found in table 5.6. From this review, appropriate datasets should be acquired. These
should be selected based on consideration of data requirements detailed in Chapter 4.
Appropriate receptor datasets need to be sourced and standardised into common formats
where possible. When the receptor data has been collected, receptor vulnerability must be
considered for each receptor (or group of receptors) in turn. Table 5.3 describes key
considerations that need to be made in terms of defining and measuring vulnerability.
Table 5.3: Vulnerability data considerations

Vulnerability

Considerations

Measurement  Measurements of vulnerability are required to calculate impact severity.
Receptors that are more vulnerable to a hazard will be impacted more
severely (e.g. the very young and elderly populations are likely to be
impacted more severely by extreme temperatures than the rest of the
population; mobile homes and caravans are more likely than
permanent buildings to be impacted by high winds). Receptors are
vulnerable to different hazards to different extents. Vulnerability should
therefore be defined specifically for each hazard / receptor relationship
(Figure 2.4).
 The implementation of vulnerability in a model may take a variety of
forms:
o A simple binary measurement would see a receptor as impacted
only if the hazard intensity exceeds a fixed threshold.
o Alternatively, the model may simulate different levels of vulnerability
by using multiple thresholds, assigned to receptors as individuals or
groups.
o More sophisticated vulnerability measurements may allow an
increased level of stratification. For example, different types of
receptors may have multiple levels of vulnerability (perhaps
associated with different impacts) and these may change in
different situations.

Potential
sources of
vulnerability
data

 Demographic data (e.g. from the Census) may hold relevant
information on age / physical health / income etc.
 Information on warning effectiveness. For example, the Environment
Agency produce annual reviews of the proportion of households that
can receive flood warnings, the proportion that do receive warnings and
the proportion that react to received warnings.
 Information on building materials / building age / condition etc.
 Information on flood defence management.

5.1.3. Formalise hazard / receptor relationship
Any HIM modelling approach needs to consider how receptors are likely to be impacted on
by a hazard. This element of the modelling phase is concerned with understanding how the
hazard / receptor relationship can be measured and modelled in the HIM. This is expressed
in terms of impact and risk (Chapter 2). Risk differs from impact in that it includes a measure
of probability, which enables analysis of the likelihood of different impacts occurring. This
allows a choice of risk metrics to be reported (i.e. the most likely risk level or the most severe
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risk level). Tables 5.4 and 5.5 list key features of the hazard / receptor relationship,
focussing on modelling impacts (Table 5.4) and risk (Table 5.5). These should be considered
in terms of how the relationship can be modelled in space.
Table 5.4: Impact modelling

Impact
Modelling

Description

Impact
type

 A range of potential impacts could occur as a result of a natural hazard
interacting with a vulnerable receptor. These may include danger to life
(injuries and fatalities), damage and collapse of properties, disruption of
traffic or denial of access to key service. Longer term impacts such as an
increase in disease or pollution are also possible.
 The impacts that are relevant to the natural hazard in question should have
been identified in the scoping phase (Chapter 4). Some impacts may not
be possible to measure either due to the lack of appropriate scientific
method, or due to the intangible nature of the impact; this is a particular
issue for socio-economic impacts.
 Table 5.6 contains a list of potential receptors and potential impacts. The
table places impacts into a hierarchical classification, which ensures that
all impacts fit into a single system. The benefits of this will be realised
when individual HIMs are being assessed in concert.
 Currently, the main focus of the Hazard Impact Framework (HIF) is on
impacts that require an immediate response, either directly or indirectly.
Estimation of downstream impacts may be possible through the
development of consequential impact models that use the outputs of
primary HIMs as inputs. An example of this would be the development of a
mental health impact HIM that might use impact data from a HIM to
suggest where appropriate support and counselling might offset long term
mental health impacts. This approach will create a flexible and agile
system of HIMs operating in a single virtual environment (the HIPS). This
is anticipated to be more relevant for multi-hazard assessment.

Impact
severity

 The severity of an impact on a receptor is a function of the intensity of the
hazard in a given location and the vulnerability of the exposed receptor.
 Definition of impact severity thresholds should adhere to established
systems and methodologies.
 Current experience of HIM development has revealed the Flood
Forecasting Centre (FFC) impact severity table and Met Office Weather
Observation Website (WOW) impact matrix as two potential impact
severity models. Both models have been created from the parent National
Severe Weather Warning Service (NSWWS) impact severity table.
However, the models have been designed for different purposes. Further,
it is recognised that both have been designed for hydro-meteorological
hazards.
 The Surface Water Flooding (SWF) HIM uses FFC impact severities where
increases in severity are a result of disruption affecting increased numbers
of receptors or increasingly wider areas
(local  widespread) depending on the impact type:
Minimal / Minor / Significant / Severe
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Table 5.5: Risk modelling

Risk
Modelling

Description

Approach to
Risk
modelling for
operational
(warning and
informing)
services

 Both the Vehicle OverTurning (VOT) and SWF HIMs make use of
ensemble-based forecasts as inputs. It is therefore possible to make
available the results for each ensemble member (each scenario). This
could be valuable for enabling multiple aspects of the same scenario to
be displayed, modelled or summarised in a consistent manner.
 There are, however, two potential issues with this approach:
1. Quantity. Large quantities of data are produced, which may be
impractical for a web-service based live system.
2. Probability. What if HIMs use different numbers of ensemble
members? Or are deterministic? Or use some other method to
factor in uncertainty and chance? This variety will greatly increase
the complexity of downstream software.
 An alternative approach is to use risk / probability as the base of all
outputs. As a summary of the ensemble members, this will cut data
volumes and if standardised values are used, will span all methods
(including deterministic).
 The SWF and VOT HIMs both apply numerical weather prediction
using the Met Office Global and Regional Ensemble Prediction System
(MOGREPS) ensemble forecasting data.
 In the SWF HIM, risk is a function of impact severities and likelihoods
across a range of rainfall ensemble members. For each ensemble
member, the maximum impact severity is forecast (at local authority
level). The ensembles are grouped by maximum severity. Likelihood of
severity exceedance is presented through the percentage of ensemble
members that exceed each impact severity.
 Communication of risk through hazard and impact threshold
exceedance is suggested as a preferred approach for future HIM
development. This is particularly the case for hydrometeorological hazards because it standardises outputs and
allows for deterministic models.

Approach to
Risk
modelling
longer-term
risk
assessments

While this is not a primary aim for the HIF, the guidelines included in this
document could be incorporated into more detailed risk analyses of
natural hazards. This may include:
 More comprehensive data collection and scientific analysis
 More detailed and diverse hazard, impact and risk metrics
 Analysis of projected climate change scenarios
 Development of supporting evidence for natural hazard based national
risk assessments
 More complex and specific visualisations and communication of results

Table 5.6 presents a proposed hierarchy of impact categorisation. Tier 1 categories are the 3
D’s, which are the broadest descriptors - Danger, Denial, and Damage. Categories in Tiers
2 – 4 are hierarchical subsets of Tier 1 categories. This structure allows impacts that may be
specific to particular HIMs to be integrated into the wider HIM programme. The table is
designed such that additional impacts and additional tiers can be added.
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Table 5.6: Proposed Hierarchical Impact Category Criteria Table (not-exhaustive)
Tier 1

Tier 2

Tier 3

Tier 4

Danger to
Life

Humans

Physical Harm

Accommodation

Evacuation

Key sites and
infrastructure
- points

Emergency
Services

Injury
Fatality
Temporary
Permanent
Hospitals/GPs
Fire services
Police

Denial of
Access

Transport Hubs
Schools
Businesses

Access to service
Loss of Income

Local Amenities
Leisure
Key infrastructure
- networks

Energy

Water

Communications
Transport

Damage to
the Physical
Environment

Buildings (manned)

Land

Structures /
networks
(unmanned)

Residential
Non-residential
Urban
Rural

Infrastructure
Electrical
Substations

Embankments
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Camping and caravan sites
Events / Attractions
Electricity
Gas
Oil
Clean Water
Waste Water
Reservoirs
GPS
telecommunications
Road
Rail
Footpaths
Canals
Sea Travel
Air Travel
Commercial / Industrial
Utilities / Infrastructure
Agriculture
Habitats / SSSIs
Trees / Forests
Rivers and Lakes
As key infrastructure above

5.2. Feasibility Report
When the elements in tables 5.2 - 5.5 have been fully evaluated, it may be useful to collate
key points into a feasibility report. The feasibility report should include:





A summary of the proposed datasets and models to be used in the proof of concept
HIM.
An outline of the approach for developing the proof of concept.
An indication of risks in terms of expenditure, processing requirements and probable
timescales for the work.
An indication of where the broad areas of uncertainty are within the model.

The last two points are instrumental in determining the feasibility of the project as these
represent the real or potential barriers to progress. At this stage, measurements listed in
these areas should be reasonably explicit. A good understanding of the major areas of
uncertainty is required to understand whether these are acceptable in the scope of the
project, or whether measures can be taken to reduce or parameterise the uncertainties to
the project group’s satisfaction.
If the risks highlighted in the feasibility report are too great, the project group may need to
repeat the feasibility study under new practical or economic restrictions. Alternatively, the
group may decide to return to the scoping phase (Chapter 4) to redefine the scope of the
project or await scientific or technological breakthroughs before restarting.

5.3. Stage 2: Developing the proof of concept
The second stage of the modelling phase involves practical development of the proof of
concept. This is likely to include development of input datasets and identifying practical
spatial and temporal resolutions. This stage also includes building up the understanding
of the web service contents required to generate the user-required outputs. A technical
design specification should also be produced for project group review. This document
identifies the parameters and restrictions under which the model is capable of running as
well as the outputs that the model is capable of generating.

5.3.1. Modelling the spatial hazard / receptor relationship
A simple way to implement the relationship between hazard and receptor in a Geographic
Information System (GIS) environment is to characterise the hazard as a set of polygons
representing zones of varying intensity and to characterise the receptors as points. It is then
an elementary process to determine how many receptors are exposed, and to what levels of
intensity. Further processing would account for variations in vulnerability among the
receptors, leading to an estimate of impact.
However, this might not be suitable for an operational model – For example, if the numbers
of receptors are very high or the geography of the hazard zones is complex, then processing
time for the spatial analysis might become a problem. Or it might be computationally more
efficient to do things in a different order, so that the raw hazard and receptor data never
“meet” in the model. This requires the creation of ‘contact’ datasets.
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5.3.2. Contact datasets
Contact hazard and contact receptor datasets are defined as the datasets used in a HIM
to identify exposure – the point where hazard and receptor come into contact. The contact
datasets could be removed from the raw datasets as outlined in Table 5.7. Only contact
receptors need to be represented by geographical datasets in the HIMs. In the SWF
HIM, the impact criteria are only indirectly represented (as summary outputs from more
detailed modelling). In the VOT HIM the role of the most detailed geographic data on roads
is in visualisation of the outputs – the contact receptors are road midpoints.
Table 5.7: Example Contact datasets

Contact
hazard

Vehicle OverTurning HIM

Surface Water Flooding HIM

Thresholded wind speed (2 km
grid)

Flood scenarios (1 km grid)
Hazard intensity is measured by the
quantity of accumulated flow – i.e. a
property of the hazard.

Hazard intensity is measured by
wind speed. Speed thresholds
relate to vehicle (receptor)
vulnerabilities.

Contact Roads (vector)
receptor Roads are both the contact and the
modelled receptors. The receptors
that actually respond to the hazard
(vehicles at risk of being blown
over) are represented by attribute
data attached to the roads.

Squares that are vulnerable to surface
water flooding (1 km grid)
Detailed scenario impact “scores” are
linked to the 1km grid squares. The
detailed spatial analysis has already been
carried out – the model outputs are built
up from the results of this analysis.

Furthermore, it is useful to distinguish between impacted receptors, modelled receptors
and contact receptors. Table 5.8 demonstrates that the directly impacted receptors, which
may be too complex or numerous to portray individually, can often be more easily modelled
using proxy measures (e.g. road sections with traffic data attached rather than individual
vehicles) and that contact receptors, derived from the modelled receptors, are geared
towards the practicalities of HIM processing.
Table 5.8: Types of receptor

Term
Definition
Impacted Directly affected by the hazard
receptors

VOT example

SWF example

Vehicles

Modelled Have their level of risk calculated by
receptors the model

Individual sections
of road.

People, property
and
infrastructure
People, property
and
infrastructure

A distinction needs to be made
between the modelled receptors,
which might or might not be directly
represented in outputs, and the actual
outputs, which may be summarised
by time, geography and / or
probability.
Datasets used in the model to
Contact
receptors determine receptor exposure
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[The model outputs
the probability of
any given section
being affected by
an OverTurning
incident]

[The model
outputs broadly
themed impact
scores on a 1km
grid square
basis]

Centre points of
road sections

1km grid
squares

5.3.3. Proof of concept features
Table 5.9 outlines key features to be considered in developing the proof of concept model.
Table 5.9: Developing the proof of concept - processes

Process

Considerations

Identify
contact
hazard
dataset

 How is the contact hazard modelled?
 What extent should the HIM cover?
 What resolution does the data need to be to align with contact receptor
data or potential future HIM integration?
 How will the resolution affect processing times?

Identify
contact
receptor
datasets

For each receptor or group of receptors:
 How is the receptor modelled in a GIS?
 How is the contact receptor linked to the modelled receptor?
 How is a receptor’s vulnerability to the hazard measured?
 The geographic representation of impacts may resemble the
representation of the hazard in terms of extent and intensity,
particularly when a large range of impacts are included. However, for
HIMs tailored to a specific impact, impact representation should be
driven by the nature of the impact. For example, for High Winds, the
bridge model under development by the Met Office represents the
hazard as a raster grid of wind speed (as the VOT model), while the
impact is represented as vector points where the bridges are located.

Susceptibility
mapping

Incorporation of a HIM into a real time process requires significant
streamlining to save processing time and computer memory.
Susceptibility maps represent a basis from historical data or
established models for defining the impact of a hazard. The approach
adopted by the SWF HIM is to pre-calculate the impacts to a range of
receptors into a hazard-specific Impact Library.

Agree spatial
and temporal
resolution

 Both the spatial and temporal resolution of the HIM may be restricted
by trade-offs with processing times and availability of data.
 Where raster data format is used, a 1km grid resolution is
recommended based on current HIM development.
 Temporal resolution decisions depend on the nature and quality of the
hazard model and of input data.
 Where data is aggregated (for performance, confidentiality or other
reasons), the approach used should be based on a good
understanding of the underlying data, and should be clearly
documented.

Agree Web
service
contents

 The web service contents will be the outputs seen by the end users.
They do not need to be fully realised at this stage, but web service
specifications need to be ready for the prototype phase.
 Discussion with users is required at this stage to add detail to the
broad requirements listed in the user requirement document (Chapter
4, Section 4.4). This will enable participants to fully explore what
potential outputs could be created. Developers gain a better
understanding of what is required and end users acquire a greater
understanding of the practical limitations in which the HIM must
operate.
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5.4. Design Specification
When a proof of concept model has been created, a detailed design specification is
written. The design specification document should include:





A high-level summary of the proof of concept model.
A detailed technical specification of the model features, parameters and thresholds.
A detailed account of required user outputs and how these will be structured as web
services.
A detailed account of the areas of uncertainty in the model. It is recommended that
this is based on sensitivity analysis, which allows the project group to understand
which components of the model are most sensitive to uncertainty and the model
assumptions. The detailed account should also provide recommendations on how to
refine the proof of concept to either minimise or parameterise these areas of
uncertainty as appropriate. Recommendations may include further research into key
model processes, application of alternative input datasets, or developments for future
incarnations of the HIM.

If the design specification and proof of concept model meet the project group’s satisfaction,
the model can move on to the prototyping phase. Alternatively, minor or major refinements
may be required and the project may need to return to earlier phases.

37

Chapter 6: Prototyping
6.1. Introduction
The task of moving from a design specification to a full-scale, operational model is
complex, drawn out and therefore often expensive. Making changes to the specification
part-way through can only add to these problems.
To avoid the need for such changes, it is suggested that each Hazard Impact Model
(HIM) goes through a prototyping stage, where a system is built that has all of the
functionality of the final system and operates on live data. This is, of necessity, a major
piece of work but it differs from the final system in two crucial ways:
1. There is no requirement to process data within a given time.
2. The hardware and software does not have to be operationally certified and
supported.
This is not to say that prototypes need to be slow and unsupported, but speed and
support are both achieved on a “best endeavours” basis. Decisively shifting the focus of
the project to the practicalities of implementation, building and operating a pro totype
system has the benefits of:








Creating a large quantity of sample output for evaluation purposes.
Allowing users to see what the final system will look like, to reflect on how it will
fit with their workflows and to revise the specification in light of this.
Providing an opportunity for multiple forms of output to be evaluated: given the
lack of time restriction, the prototype may produce more outputs than the final
system will.
Exposing the system to the unexpected: extreme natural conditions, hardwa re
and software faults, delays in input data – all of these may reveal limitations in
the methodology, specification or implementation.
Building experience with software tools and providing a base of code / algorithms
for the operational system to be built upon.
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Table 6.1: Chapter 6: Key definitions

Term

Definition

Reference

Geographic
Information
System

A set of computer tools for collecting, storing, retrieving at
will, transforming, and displaying spatial data for a
particular set of purposes.

Burrough,
McDonnell and
Lloyd (2015)

Hazard
Impact
Production
System

A “virtual” system composed of multiple self-contained
“modules” (the Hazard Impact Models), all conforming to a
set of standards (the Hazard Impact Framework).

HIF (2017)

Open
Geospatial
Consortium
(OGC)

The OGC (Open Geospatial Consortium) is an
international not for profit organization committed to
making quality open standards for the global geospatial
community. These standards are made through a
consensus process and are freely available for anyone to
use to improve sharing of the world's geospatial data.
OGC standards are used in a wide variety of domains
including Environment, Defence, Health, Agriculture,
Meteorology, Sustainable Development and many more.
OGC members come from government, commercial
organizations, NGOs, academic and research
organizations.

OGC (2016)

Raster data

A regular grid of cells covering an area.

Burrough,
McDonnell and
Lloyd (2015)

Vector data

The representation of space as points, lines and polygons.

Burrough,
McDonnell and
Lloyd (2015)

Web
coverage
service
(WCS)

WCS is used to request raster (grid cell) data from a
server. Analysis or display of the data relies on specialised
software (e.g. GIS) at the client end.

Web
feature
service
(WFS)

WFS is used to request vector (point, line, area) data from
a server. Analysis or display of the data relies on
specialised software (e.g. GIS) at the client end.

Web map
service
(WMS)

WMS handles the delivery of mapping imagery. A WMS
service will typically be set up as a number of layers (with,
in some cases, more than one visual style per layer) which
the user / client software can choose from. The two other
OGC services provide the facility to download the data
underlying a WMS.
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6.2. Issues to consider
The details of subject matter, technical capabilities and project organisation will all
influence how prototyping is carried out. Table 6.2 offers some key points for model
developers to consider:
Table 6.2: Prototype considerations

Prototype
questions
Who puts the
prototype
together?

Description




Can existing
code (developed
during earlier
stages) be
re-used?
What volume of
data will the
model process?
Who will be
using the
outputs?










What data is to
be displayed?



How will data be
displayed?



How can users
interface with
the model?



Which standards
should be used?



Where the model is the result of collaborative work, this might
not be immediately clear. Where the prototype can be built in
a modular way, it may be possible to divide the work between
the participants, but a lead body and / or individual must still
be identified.
Some points to consider here are:
o Where (on whose hardware) will the prototype run?
o Where will the prototype’s output be consumed?
o What domain and technological knowledge is needed?
Re-use or refinement of existing code is preferable. However,
if existing code cannot be re-used, it can be used as a highly
detailed supplement to the specification.

What implications does this have for the memory limits of
hardware and software and for storage of input and output
data?
As referred to above, a key benefit of prototyping is getting
user feedback, and it makes sense to involve end users in the
creation of the prototype itself.
What hardware and software do they use?
What are their views on how output should be visualised?
Will any training be required?
If possible this should be specified early in the prototyping
process, so that code can be developed to meet
requirements, and to minimise code amendments.
This will largely be a matter of configuring software (although
code changes may be required). The exact details can
therefore be left until later in the process.
Although the prototype will not be treated as an operational
system, it is worth providing an interface for users to monitor
the running of the prototype. This provides reassurance that
the outputs they are looking at are current, and allows them
to prompt the developers if the outputs are not meeting the
agreed user requirements.
Early on during prototyping, the OGC client and server
software to be used should be identified. Sample OGC
services should be set up on the server and tested against
the clients – preferably using client software on the users’
machines. Standards are not always implemented perfectly,
and it is important to find out early if there are
incompatibilities between client and server.
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6.3. Model outputs
6.3.1. OGC web services
As outlined in section 2.2 above, the use of web services is a central element of the HIPS
vision. The concept behind web services is very simple. To quote Wikipedia (2016):
“A Web service is a service offered by an electronic device to another electronic device,
communicating with each other via the World Wide Web. In a Web service, Web technology
such as HTTP, originally designed for human-to-machine communication, is utilized for
machine-to-machine communication”
In other words, client software (such as, in the case of OGC web services, a Geographic
Information System (GIS), or a webpage built using specialist programming libraries)
communicates with server software via the same protocols that a web browser uses. The
nature of the reply depends upon the type of request being made. To give an idea of how
this works, the following example retrieves an image from the British Geological Survey’s
website via a Web Map Service (WMS) request:
http://ogc.bgs.ac.uk/cgibin/BGS_1GE_Geology/wms?SERVICE=WMS&REQUEST=GetMap&VERSION=1.1.1&
LAYERS=GBR_Loughborough_BGS_50K_SolubleRocks&STYLES=&SRS=EPSG:27700&BBOX=4312
03,316809,457604,337190&WIDTH=500&HEIGHT=500&FORMAT=image/png

To pick out some important elements from the request (highlighted in red):
-

-

-

http://ogc.bgs.ac.uk/cgi-bin/BGS_1GE_Geology/wms? – this is the web service
“endpoint”, the location on the internet that a client application needs to direct its
requests to.
REQUEST=GetMap – a self-explanatory request for a map. Other request types
exist, with different associated parameters.
LAYERS=GBR_Loughborough_BGS_50K_SolubleRocks – the name of the
map requested. Multiple layers can be requested, allowing the client to build up
complex map images.
BBOX=431203,316809,457604,337190 – the real-world co-ordinates defining
the area to be mapped.
FORMAT=image/png – the nature of the required reply, in this case a PNG
image file.

Making this request will (at the time of writing) bring up the image in figure 6.1 .

Figure 6.1: Example WMS image
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The transparent (if complex) nature of the request and response makes it relatively easy
to write elements of client software that interact with the WMS server – the
sophistication lies in determining what to ask for and how to deal with the images that
are returned.
The HIF requires all HIMs to disseminate outputs using at least one of the following
OGC web service standards.
Providing WMS access is mandatory, while (at present) use of Web Feature
Services (WFS) and / or Web Coverage Services (WCS) is optional.
6.3.1.1. Web Map Service (WMS)
As demonstrated above, WMS handles the delivery of mapping imagery. A WMS service will
typically be set up as a number of layers (with, in some cases, more than one visual style
per layer) which the user / client software can choose from. For example, a service might
have coastline, road network and settlement layers – each with two styles (colour and
greyscale). These can be requested in any combination of layers and styles: the WMS
server will compose a map image using both the preferences in the request and any
additional internal rules (e.g. different categories of road or settlement being visible at
different scales).
The data delivered by a WMS will not contain any information about the features other than
that which is visible on the map. There is, however, a facility within WMS (get FeatureInfo)
that enables the user to click on the map and receive information from the server about the
features at that point. The two other OGC services provide the facility to download the data
underlying a WMS. For more details see:
http://www.opengeospatial.org/standards/wms
6.3.1.2. Web Feature Service (WFS)
WFS is used to request vector (point, line, area) data from a server. Analysis or display of
the data relies on specialised software (e.g. GIS) at the client end.
http://www.opengeospatial.org/standards/wfs
6.3.1.3. Web Coverage Service (WCS)
WCS is used to request raster (grid cell) data from a server. Analysis or display of the data
relies on specialised software (e.g. GIS) at the client end.
http://www.opengeospatial.org/standards/wcs

6.3.2. The Hazard Impact Production System (HIPS)
Chapter 2 introduced the concept of the HIPS as a “virtual” system with models delivering
outputs to users connected by OGC web service interfaces (see figure 2.5). The primary
route for output is anticipated to be WMS, allowing the designers of each model to control
how output is presented visually, and allowing easy integration with client software.
The ability to transmit data via WFS and WCS enables a more complex and potentially
powerful take on the HIPS concept (figure 6.2, below) in which HIMs communicate with other
HIMs as well as end users.

42

Figure 6.2: HIPS, showing multiple pathway options.

Under this concept there are multiple pathways for the output of a single HIM to follow
on the way to the user. Although the final outputs may be largely visual and delivered
via WMS, WFS and WCS data feeds enable additional system elements:




Consequential impact models: these would take the immediate impacts
predicted by (one or more) HIM and attempt to predict impacts arising from t hem.
To give some examples:
o A traffic model might take the information on Denial impacts affecting
roads and mesh it with traffic statistics and a route-finding algorithm to
predict the increased traffic on routes that are still open.
o A public health model might take the Damage impacts to domestic
properties and predict the likely increase in stress-related illnesses among
the population affected.
o An economic model might take data on Damage impacts affecting
commercial properties and quantify the losses to the economy resulting
from their temporary closure.
In all cases, development of the consequential models would be led by domain
experts, possibly from beyond the NHP. The standardised outputs would allow
one (for instance) traffic model to be written to predict the consequences of
multiple hazards.
A Multi-Hazard impact integrator: As more HIMs are developed, the quantity of
outputs will make it harder and harder to interpret the overall picture during a
complex hazard event. A future requirement may therefore arise for an element
of the HIPS that synthesises data feeds from multiple HIMs and consequential
models into a more concise set of WMS outputs.

6.3.3. Designing Outputs
In figure 6.2, a distinction is made between the impact on individual geographic objects
(expressed using the ‘3-Ds’ impact terminology) and the output ‘products’ published by
an individual model. The design of the latter must take into account the means of
publication and the need for compatibility across the HIPS.
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6.3.4. Geographical data structures
There are two widely used ways of structuring geographic data.




Raster data divides areas into a regular grid and provides a single value
(possibly a “no data” value) for each cell in the grid. Some raster formats enable
multiple layers of grids to be stored in the same file (e.g. Red / Green / Blue
colour intensities held in 3 “bands”), but there is always only one value per grid
cell per layer. This is an efficient way of storing data that varies continuously
across an area, but there is a clear relationship between the resolution (and
therefore capacity to portray fine detail) of the grid and the size of the raster in
memory and on disk.
Vector data describes features by means of a single pair of co-ordinates
describing a location (a point), a chain of such points describing a linear feature
(a line) or a line that completely encloses an area of space (a polygon). Vector
data is an efficient way of describing geographic features that do not cover the
entire study area and / or are complex in shape. Vector features can have a set
of attribute data values (such as numbers, text or hyperlinks) associated with
them: a vector dataset is best conceived as (and is often stored as) a single
database table with each row being a geographic object, and one field containing
the spatial description – co-ordinates describing a point, line or area – of that
object. The vector model allows a single layer to provide a “deeper” description
of geographic features than the raster model, which would require multiple layers
to do the same.

As explained above, Raster data can be communicated via WCS and Vector data via
WFS. WMS is something of a hybrid: the main payload of a WMS return is a raster
image, but the return from a getFeatureInfo request will depend upon the underlying
data on the server: it will always be based on a single value if generated from a raster
layer, but can contain a collection of attribute values if a vector layer is used.
The software packages used for publishing WMS for the two HIMs developed to date
are GeoServer and ESRI ArcServer. It is worth noting that both packages require an
image file to be produced for every time step portrayed by each raster layer. The
consequence of this is that for a HIM with three raster-based layers giving hourly
forecasts 24 hours into the future, each model run must produce and publish 72 image
files. A single “nowcast” (very short range forecast) Surface Water Flood (SWF) HIM run
looking 6 hours into the future produces 241 image files to support all of its output
layers; a short range forecast out to 30 hours produces 1268 image files. Beyond the
time taken to generate these files, the raster layers take up the bulk of the time the SWF
HIM prototype spends on publishing outputs as web services. HIM output design must
therefore be sensitive to performance when using large numbers of raster layers.

6.3.5. Dimensions of output
The outputs of a HIM can be thought of as having a number of dimensions (Table 6.3).
In order to ensure compatibility between multiple HIMs, many aspects of the way that
these dimensions are expressed will need to be standardised.
The first stage in standardisation is to agree the broad form of common outputs. The
following section therefore avoids detailed descriptions of datasets in favour of a
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discussion of the issues raised by attempting standardisation. More detail (and
definition) will follow in a later edition of the HIF.
Table 6.3: Prototype output dimensions

Output
Dimensions
Geography

Description






Time






To be easily comparable, raster datasets need to have a common
zero point, resolution and dimensions (in rows and columns).
o A 1km grid cell raster would provide reasonable capacity for
detail, and an easy target for other resolutions to be adjusted
to, without creating very large image files.
o The SWF HIM uses a grid that covers England, Wales and
southern parts of Scotland. Expanding that grid to cover
Scotland in its entirety would be technically straightforward, but
adding in Northern Ireland will pose difficulties as most
mapping of NI uses a different map projection (Irish Grid, as
opposed to Ordnance Survey National Grid).
In order to support many of the potential consequential impact
models described in the HIPS section above, outputs describing
the status of individual receptors will need to be provided. These
are best provided in vector format, and will have to be carefully
selected in order to avoid producing an overwhelming quantity of
output data.
o The obvious candidate for the first of these Vital Vectors is the
major road network, and this is already the basis of outputs
from the Vehicle OverTurning HIM. The rail network, medical
facilities and energy infrastructure are all potential additional
datasets of this type.
Provision of summary outputs on an administrative area basis
requires that HIMs hold common administrative boundary datasets
(as vectors, with supplementary raster versions where required for
processing raster outputs).
o It may be the case that a single set of administrative boundary
data (based on local government areas) will suffice, but having
access to alternatives such as police constabulary areas may
be useful.
All HIM output elements are required to have an associated timestamp
in ISO 8601 format. (see https://en.wikipedia.org/wiki/ISO_8601).
Ideally, all elements would have two timestamps, defining the start and
end of the time for which they are valid. Unfortunately, this is not
always technically feasible. There is therefore a need to establish a
HIF convention regarding the time period covered by a single
timestamp.
o For example: assuming a dataset with hourly timesteps, does a
step timestamped at 09:00 cover 08:01 to 09:00, 08:30 to 09:29,
09:00 to 09:59 or some other period?
There are no plans at present to require HIMs to maintain services
showing multiple model runs simultaneously. The outputs published
will always be the most recently processed. If required, timestamps for
data generation or publication will be stored as layer metadata, not
within the geographic data itself.

45

Table 6.3 (continued)

Output
Dimensions
Impact type

Description



Impact
intensity







Probability



At the detailed individual receptor level, the impact type will be one
of the three D’s: Danger, Damage or Denial (see Chapter 2 and
Chapter 5).
Summary outputs (at grid square or administrative area level) will be
related to the nature of the receptors affected. These output
categories have yet to be formally defined, but those used by the
Surface Water HIM are useful as an example:
o Danger to Life
o Damage to Buildings
o Disruption of Key Sites and Infrastructure
o Disruption of Transport
This is a particularly difficult element of HIM output to define. The
SWF HIM uses a scale of descriptive terms. In ascending order of
severity, impacts are described as:
o Minimal
o Minor
o Significant
o Severe
Standardising definitions of these terms (or creating an alternative
system) across all HIMs is a task that has not yet been undertaken,
but is a key requirement for an effective multi-hazard modelling
system.
One of the obstacles in the way of creating a single set of definitions
is the question of the relative impact of different hazards. Hazard A
might be expected to affect hundreds of properties at its most
severe, while Hazard B might affect only tens. Under a single
standardised measure based on the quantity of affected properties,
Hazard B would never be “severe” as it can never approach the
impacts of Hazard A.
o A possible solution to this is to produce two scales for every
hazard, one based on a statistical analysis of the historical
impact of that particular hazard, the other on the historical
impacts of a wide range of hazards. The latter would provide a
consistent view when considering multi-hazard events, while
the former would be more helpful for specialists forecasting a
single hazard event type.
Probabilistic elements in a HIM may result from ensemble (multimodel run) forecast methods, fixed probabilities based on historical
examples or any other method. In order to be comparable, they must
be normalised (expressed as a value between 0 and 1). Where a
non-probabilistic (deterministic) model is used, the probability can be
expressed as 1 (100% probability).

Table 6.4 below sets out how output datasets should be structured with regard to the nongeographic dimensions identified above. The greater flexibility afforded by vector datasets
means that standardisation of these will be around the naming and format of attribute data
fields. Raster data, as it can only hold a single value per cell, per layer will need to be
structured in an identical way by each model in order to be comparable.
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Table 6.4: Dimensions of HIM output, by geographic form of output:
1 km grid
Time

Value in file name
or in metadata

Type of impact

Layer type

Intensity of impact

Layer type

Probability

Grid cell value

Vital vectors

Summary geography

Fields in attribute data

6.3.6. Visual style
The HIF will provide some standard visualisation techniques for output. These will follow on
from the definition of categories for impact types and intensities, so it is not appropriate to
provide much detail on this aspect of the framework at present.
However, an initial question to be answered in this regard is whether to make use of a
“traffic light” scheme for some or all outputs. This has the benefit of being easily
interpreted by all, but might cause confusion with schemes currently in use. For
example, for National Severe Weather Warning Service (see box 6.1 below).
The HIPS concept (described in Chapter 2 and illustrated by figure 2.5) foresees the
audience for HIM outputs as being expert operational users, who would be responsible
for issuing forecasts and warnings. Under these circumstances, trialling a wide range of
outputs may be desirable to identify the most appropriate information and visualisation
formats for those experts.
There are two possible cases for generating more concise and intuitive imagery, the
second more remote (at present) than the first:
1. Supporting expert users in publication of warnings. This would entail providing
imagery that could be easily imported into warning documents and supplemented
by written explanation and interpretation, graphics, etc.
2. Provision of outputs directly to end users. This would require carefully designed
outputs that are both easy to interpret and difficult to misinterpret.
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Box 6.1.
 By relating impact likelihood and potential impact severity in a
standardised fashion, overall risk categories (colours) can be defined.
 For interpretation of an overall risk score, there are several options that
the operational expert may select. The final risk level may be the highest
risk level identified by colour on the matrix, or it may be the most
probable risk level, identified by highest likelihood. The highest risk level
may be achieved via several different types of impact severity
distribution. For example, a high likelihood of Significant impact and a
low likelihood of a severe impact produce the same Amber, Be
Prepared risk score.
 It is important to remember that the HIM outputs are likely to be one of
several tools applied for evaluating risk in the decision making process.

Potential Impacts
Very Low

Low

Medium

High

High
Likelihood

The National
Severe
Weather
Warning
Service Risk
matrix.

Medium
Low
Very
Low

NSWWS Risk Matrix. Colours indicate risk level.
(Green = No Severe Weather, Yellow = Be Aware, Amber = Be Prepared,
Red = Take Action)

48

Chapter 7: Evaluation
The purpose of the evaluation phase is to help ensure that Hazard Impact Models (HIMs)
have been developed using scientifically robust methods. Evaluation should occur
throughout the HIM development process. This helps with the aim of HIMs producing
relevant results that have a strong correlation with those of historical case study events or
other validation data.
Table 7.1: Chapter 7: Key definitions

Term

Definition

Reference

Validation

The process of determining the degree to which a model is
an accurate representation of the real world from the
perspective of the intended uses of the model.

(AIAA G-0771998(2002))

Verification The process of determining that a model implementation
accurately represents the developer's conceptual
description of the model and the solution to the model.

(AIAA G-0771998(2002))

7.1. Evaluation during HIM modelling and prototyping
A programme of Quality Assurance (QA) should be in place throughout the process of
modelling and implementing a HIM (Table 7.2). This is standard practice for scientific
research. Evaluating data quality has been addressed in Chapter 4, but it is important to
note that a record of QA procedures and results should be maintained throughout the
process. This provides an evidence base for the strength of the model and also ensures that
evidence is in existence for future review and official auditing.
Table 7.2: Evaluation processes during HIM development

Evaluation
process

Consideration

Quality
Assurance
procedures

 QA should be conducted at every stage in the modelling process.
This includes recording information on the quality and
completeness of input and intermediate datasets.
 The scope of QA should be agreed as part of the agreed user
requirements.
 A record of QA results should be maintained. This may be used for
producing confidence statistics, or for model calibration via
sensitivity testing.

 Verification is completed throughout the process to ensure that the
Verification of
model processes and outputs match the conceptual relationships
input data and
identified in the feasibility stage of the modelling process.
model algorithms

Comparing the outputs of the prototype and proof of concept is a
/code
useful verification procedure. Identifying and understanding
differences in the modelling assists in understanding what the
models are actually simulating.
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7.2. Evaluation after the proof of concept
Validation of the proof of concept is a key step in ensuring that the uncertainty in the model
is understood and the results produced have sufficient quality to be useful to end users. This
is usually achieved through analysis against observations. Table 7.3 outlines the key
evaluation processes during this step including validation against case study events,
potential sources of validation data, and guidance on setting up a trial phase for testing and
calibration.
Table 7.3: Validation after HIM development

Validation
process

Consideration

Case study
development

 Suitable case studies should be agreed by the project group. Potential
case study events should encapsulate a range of hazard intensities
and extents. This ensures that sensitivities in different situations can
be identified.
 In some cases, processing times may restrict case study size or
complexity.
 The Surface Water Flooding (SWF) HIM selected case studies against
a series of protocols. These included requirements to:
 Cover a full range of severities.
 Include urban and rural cases.
 Include summer and winter cases.
 Include a minimum of 10 events.

Potential
sources of
observed
impact data

Currently existing databases such as:
 Lexis Nexis (https://www.lexisnexis.com/uk/nexis/),
 Surge Watch (http://www.surgewatch.org/),
 The Met Office’s Weather Observation Website (WOW https://wow.metoffice.gov.uk/).
 Social media accounts.
 Printed media accounts.
 Emergency service call out data.
 Data from secondary sources such as Highways England.

Mapping
observed
impact data

 Current approaches used in the SWF and Vehicle OverTurning (VOT)
HIMs have collected data on observed impacts of events. These have
been mapped and graded for impact severity and type, before
comparison against HIM impact outputs.
 Mapping of observed impacts poses interesting spatial challenges.
Consideration is needed for determining the validation mapping
format. For example, converting impacts into a raster grid, or vector
points, lines and polygons can have consequences for later
interpretation of results. In some cases, it may be relevant to use both
formats.
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Table 7.3 (continued)

Validation Consideration
process
Validation  Previous HIM experience suggests that the contingency table concept is a
relevant and useful statistical basis to start the process of validation (Table
of HIM
7.3.1).
output
Table 7.3.1: Contingency table example
results

HIM outputs

Post-event observed impacts
Impact

No Impact

Impact

A: The HIM correctly
modelled an observed
impact

B: False alarm - HIM models
an impact, but there is no
corresponding observation

No
Impact

C: Undetected observed
impacts - HIM does not
model an observed
impact

D: Correctly detected nonimpacts - HIM and the
observed data both report no
impact

The table is filled with counts corresponding to the four outcomes. It may be
relevant to break results down by type and severity of impacts when
detecting matches. The following statistics can then be calculated to
determine HIM performance.
1. The Probability of Detection (POD) is calculated against observed
impacts to determine how well the observed impacts have been
modelled:
𝑃𝑂𝐷 =

𝐶𝑜𝑟𝑟𝑒𝑐𝑡𝑙𝑦 𝑑𝑒𝑡𝑒𝑐𝑡𝑒𝑑 𝑖𝑚𝑝𝑎𝑐𝑡𝑠 (𝐴)
𝐶𝑜𝑟𝑟𝑒𝑐𝑡𝑙𝑦 𝑑𝑒𝑡𝑒𝑐𝑡𝑒𝑑 𝑖𝑚𝑝𝑎𝑐𝑡𝑠 (𝐴) + 𝑈𝑛𝑑𝑒𝑡𝑒𝑐𝑡𝑒𝑑 𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑖𝑚𝑝𝑎𝑐𝑡𝑠 (𝐶)

2. Impacts that are modelled but not observed are False Alarms. The False
Alarm Ratio (FAR) is calculated based on counts of impacts:
𝐹𝐴𝑅 =

𝐹𝑎𝑙𝑠𝑒 𝑎𝑙𝑎𝑟𝑚𝑠 (𝐵)
𝐶𝑜𝑟𝑟𝑒𝑐𝑡𝑙𝑦 𝑚𝑜𝑑𝑒𝑙𝑙𝑒𝑑 𝑖𝑚𝑝𝑎𝑐𝑡𝑠 (𝐴) + 𝐹𝑎𝑙𝑠𝑒 𝑎𝑙𝑎𝑟𝑚𝑠 (𝐵)

 Caution needs to be taken with the findings and interpretation of result due
to the nature of the data and the impact-based approach. Lack of
completeness of the observed impacts caused by under-reporting or nonspecific geographical locations suggests that lower values of FAR are to be
expected.

HIM trial

 When the prototype model is deemed appropriate for use in an operational
environment, a trial period should be initiated. The trial will test and compare
the HIM prototype alongside currently used tools.
 After the trial, HIM performance should be reported in comparison with
currently available tools and user-recommendations on HIM updates and
requirements for embedding HIM into current operational environment.
 During or shortly after the trial period, a number of case study events should
be extracted for further analysis. This will provide further evidence for
validation and, if necessary, further HIM refinement or calibration.
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7.3. Longer term HIM maintenance
Development of an implementable HIM requires a schedule for longer-term model
maintenance and refinement. This is required to implement refinements that may enhance
the model or bring it up-to-date. These relate back to the HIM priorities outlined in the
scoping phase (Chapter 4) and may include:






Improved or updated input datasets.
Development of scientific understanding and related methodologies.
Inclusion of more detailed hazard information or additional impact types.
Improved technologies, which may enable expansion of HIM capacity.
Refined/additional user requirements.
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Annex I. HIF development
The Hazard Impact Framework (HIF) is intended to grow and adapt over time. With that in
mind, Annex I will be used to point the way forward from the current edition to identify items
for future Hazard Impact Model (HIM) research and for future HIF revisions. These include:



Tasks, which are HIM and HIF features that need to be addressed in the shorter
term to supplement the current HIF edition, and
Challenges, which are more complex conceptual issues that may require further
consideration and research in the longer term,

The current edition of the HIF was designed to cover key concepts in HIM development and
take HIM developers through the process of HIM creation in a systematic and orderly
fashion. It was informed by the experience of creating the Vehicle OverTurning and Surface
Water Flooding HIM prototypes, and will inform further work on these, and on other HIMs in
development. Future editions of the HIF will follow the same pattern of building upon
experience and guiding future development. This iterative process is illustrated in Figure
A1.1 below.

Figure A1.1: The HIF as an evolving document

In order to minimise the amount of effort required to keep any individual HIM compatible with
the HIF, the first version of the HIF has gone the furthest in defining the core HIM
methodology. Subsequent editions are intended to adapt to changes in the environment in
which HIMs are operated, and to specify new outputs and output formats. As these will
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mostly define new HIM capabilities, rather than redefining existing ones, it should be
possible for older HIMs to be operated alongside newer ones with minimal effort.
The following sections do not contain a “to-do list” for the next version of the HIF. The Tasks
are matters that NHP should seek to move forward on before then because they will impact
directly on the success of the HIM / HIF / HIPS concept. The next edition of the HIF will
engage with some, but not necessarily all, of the Challenges identified. For instance, some
of the Challenges may be dealt with best by the development of consequential impact
models (see section 6.3.2), requiring further development of the concept of downstream
processing, rather than direct references to these issues, in the HIF.

A1.1 Tasks
A1.1.1 HIM and HIF maintenance
HIF maintenance
The HIF is a key achievement in the NHP. Therefore, its maintenance should be carefully
considered in order that it remains a credible and relevant document. The following
suggestions could be implemented to ensure that an overview of the HIF is maintained.




The NHP Steering group have suggested the option of a formal sign-up to the HIF,
which would, in some way bind organisations to adhere to its guidance. This would
provide credibility and also the requirement to ensure that HIF guidance remains upto-date.
There is a suggestion that a HIF working group be established with responsibility
over HIF updates and usage.

Formal administration of HIM input data
In Section 2.2.3 of the HIF, a requirement is identified for HIM input datasets to be
standardised. The suggestion is made that each dataset should have a HIM group “owner”
responsible for ensuring that all NHP HIMs are based upon common versions of that
dataset, and providing advice on its use. The NHP partner would not need to be the actual
data owner – for instance, HSL might “own” datasets originating with the OS.
Administration and maintenance of multi-agency HIMs
There needs to be some consideration into how data, code and methods are shared
between project partners and customers during and at the end of HIM development.
Questions that need to be considered include:
1. To what extent do the partners wish material to be shared (internally, open access)?
2. What is the nature of material shared (code, data, formats, documents)?
3. Who owns the material? Are there issues with other partners using material for other
purposes?
4. How are upgrades to be completed (documentation, ownership)?

A1.1.2 HIM Evaluation
The HIF includes guidance on HIM evaluation methods but this is mostly limited to the
technical processes associated with verification and validation. Further HIF guidance on QA
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would help in defining the scope of the evaluation based on user requirements, and assist in
the development of wider standard approaches to evaluation that can be shared across
different HIMs. This additional guidance could cover the following documentation:




User acceptance testing plan. This outlines the efforts made by the users in trialling the
final HIMs to test that they produce the required outputs.
Evaluation plan. Detail of the verification and validation tasks that will take place during
HIM development.
HIM assurance document. Documenting the outcomes of the quality assurance
activities, including uncertainties and known limitations of the approach.

A1.1.3 Supplementary HIF documentation
The first edition of the HIF covers core concepts relevant to most hazards and most impacts
of immediate interest to the NHP. However, additional supplementary documents would be
beneficial in expanding the scientific and practical use of the HIF:




HIF guidance could be presented in a more practical way. This would make
adherence to HIF guidance easier to follow and easier to log. It is suggested that an
‘Application pack’ could be produced containing short summaries of HIM
development process, relevant diagrams and checklists. This would make practical
HIM development easier to follow. It would also ease the process of recording
relevant decisions.
The first edition of the HIF relies heavily on NHP experience of hydro-meteorological
hazards. However, other hazards (e.g. geological and space hazards) are very
different in their nature. Consequently, it is suggested that experts from the NHP
should be called on to compose short supplementary documentation for specific
hazard/receptor/impact guidance. This would typically be highly technical and cover
variables and parameters specific to that hazard/receptor/impact.

A1.1.4 Collecting disaster damage and loss data
Understanding the losses incurred during a natural hazard is critical for future emergency
response and planning and for building resilient communities in the future. A recent
workshop at the One Resilience conference identified numerous inconsistencies,
duplications and gaps in the current reporting of observed UK natural hazard impacts.
Creation of a single database for observed impacts would align the UK with Sendai
Framework priorities and would provide a standardised framework for collecting impact data.
This would save time and money by preventing duplication of effort and would increase
efficiency in collating impact information through the creation of a single point of reference
for all interested stakeholders. Aligning with Sendai and with current European work would
allow for comparison with other countries and regions enabling greater resilience across
national borders. Producing more complete observed loss data would also help to focus
natural hazard impact research via a stronger evidence base of historical impacts and via
improved validation data. The NHP is ideally positioned to be custodians of a Hazard Impact
Database (HID) due to the expertise and public position of its members, its growing
relationships with the responder communities and its expertise in developing national
guidelines for natural hazard impacts (the HIF). The HIF could be a useful platform for
detailing the guidance and protocols associated with disaster damage and loss data.
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Efficiencies arising from development of a central HID would see cost savings across the
reporting and receiving of impact data.

A1.2 Challenges
With its aim of providing clear guidance on agreed standards, the HIF does not discuss
some of the more complex or disputed concepts in Hazard Impact Modelling. Addressing the
following challenges would improve our understanding and assist in refining current and
future HIMs. This section is based on detailed feedback from the Natural Hazards
Partnership (NHP) HIM group during the second HIF workshop at HSE Buxton (Annex VI).
Consequently, the contents are not exhaustive, but they do highlight the more prominent
concerns.

A1.2.1 Impact
‘Impact’ remains a contested and relatively poorly defined term in disaster risk science.
Consequently, there is much work to do to better understand and address the spatial,
temporal and categorical challenges listed below. In many cases, consequential HIMs,
described in Section 6.3.2 may provide a useful platform for exploring and developing our
understanding of the many dimensions of impact.
Spatial challenges








A small, intense impact may carry the same impact severity rating as a widespread,
but less severe impact, but may be more important for forecasters to identify. More
advanced spatial analysis of HIM outputs could assist here. Future HIF editions may
recommend specific output products and associated analyses but how can this be
integrated into current HIM methods?
Representing outputs in a standardised fashion via OGC web services has not been
formally addressed in this edition of the HIF, but its importance has been highlighted
in Section 2.2.5. Further consideration is required on the best formats and styles to
adopt. There is potential for these discussions to extend beyond the NHP to other
civil contingencies organisations involved in emergency planning.
Impacts can cross over geographical boundaries used by HIMs, whether this is
administrative units used to report outcomes, or individual grid cells used to process
data. To an extent, this can be addressed by using a finer spatial resolution, but at
some point this will restrict model processing speeds.
Aggregation of impacts remains a challenge and requires further research, both on
the process of aggregation and the communication of outputs.

Temporal challenges




Current HIMs do not consider the duration of an impact. For example, in the SWF
HIM, there is no consideration regarding the amount of time it may take for flood
waters to recede or how this affects impact during that time. Where an identical
impact occurs in a given cell over different time-steps during an event, these are
assumed to be separate impacts, whereas they may be the same impact occurring
over an extended period of time. This may increase the severity of the impact.
Longer term impacts are potentially more diverse and include factors such as longer
term physical injuries, economic costs relating to business closure or loss of
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harvests, increased insurance premiums, psychological effects of evacuation and
loss of possessions (including knock-on effects of anxiety and stress regarding future
hazards and loss of trade/access to services) etc. These measures are challenging
to measure and align because they span different timeframes, they can impact a
different range of individuals and communities at different intensities, and
measurements of psychological impacts in particular, are difficult to quantify. One
potential solution to this is the creation of consequential or downstream HIMs. This
would help to ensure more focussed HIMs, which may fit into a more flexible system
of HIMs, more adaptable to a range of situations.
Current HIMs do not consider delayed impacts during an event. This has been a
conscious decision based on HIM user requirements, but other stakeholders may
require a more detailed view of longer-term impacts. This may include the cost to the
economy of closed businesses due to property damage and closed roads, or stress
and anxiety caused by an individual’s interaction with a hazard that may lie dormant
until the next hazard. This is likely to make the individual more vulnerable to future
events.

Categorical challenges








The first edition of the HIF uses the GFDDR (2014) definition for impact: “An
evaluation of what might happen to people and assets from a single event”. This is a
simple, clear definition. However, impact can be a contested term. Assessment of all
of the potential impacts that could occur in a given event can be challenging. The first
edition of the HIF offers a simple structure of impact assessment, but there are
underlying complexities and trade-offs that could be better understood and used to
improve future HIMs. For example, the HIF currently assumes that all stakeholders
associated with an event have the same perspective on impacts. However, in some
cases, one receptor’s negative impact may be another receptor’s positive impact. For
example, immediate property and infrastructure damage from flooding is a negative
impact for asset owners and insurance companies, but may be a source of additional
revenue for tradespeople and flood defence manufacturers.
The hierarchical list of impacts (3 D’s) in table 5.6 is designed with immediate, direct
impacts in mind, which have typically been more relevant for current users of HIMs.
However, there is scope within the table to extent the list of impacts to include
consequential and longer term impacts such as health, economic and psychological
impacts.
The current HIF tends to treat impacts as binary: a receptor is either impacted or not
impacted. In many cases, there is more of a continuum of impact. For example, a
road may be fully closed, or have a speed restriction placed on it. Alternatively, a
person may be injured, or killed during an event. In some cases it may be appropriate
to have additional thresholds to distinguish between these differences.
When assigning risk, it is possible within the HIM structures to derive risk for
individual impact types and also an overall risk across all impacts. For the overall risk
score, it is currently assumed that all impacts are equal. This is determined through
thresholding of impacts to create banded severities. However, this is highly
subjective, both to the impact type and to the hazard type:
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o



How does the loss of a human life compare to traffic disruption or property
damage? How can these be aligned such that a severe impact related to
danger to life is equivalent to a severe impact related to property damage?
o How can (should) the impact severities deriving from different hazards be
aligned? For example, a severe transport impact arising from a vehicle overturning due to high winds may block a major trunk road for several hours, but
a severe danger to life impact could prove fatal to thousands of people during
an East Coast storm surge event.
o For integration of different HIM outputs, impact category data may need to be
converted into standardised units (percentages/indices/z-scores etc.).
Selecting appropriate standardisation measures is a challenge. Following
results from the SWF HIM, a simple set of counts of impacts
(injuries/damaged buildings/ infrastructure sites denied access / number of
metres of disrupted route network) was found to be sufficient for forecasting.
However, counts of injuries or fatalities may be too specific for other HIMs
and too sensitive for external reporting.
Knock-on effects. The impact of secondary effects is still poorly understood in the
literature (I assume) and is further complicated by the introduction of psychological
and longer term economic impacts that may be more critical than the immediate
physical damages. Further analysis of these impacts requires new data sources and
alternative methodologies. In particular, a useful contribution can be made by social
science through the qualitative interpretation of social impacts. However, such
multidisciplinary research is always challenged by how these impacts can be
measured and how they can be integrated into HIMs to the satisfaction of all involved
(natural scientists, social scientists, decision makers, end users) .

A1.2.2 Uncertainty
The current edition of the HIF has not explicitly and comprehensively addressed the issue of
uncertainty. While the NHP considers uncertainty related to the Hazard component of the
HIM, uncertainties derived from receptor exposure and vulnerability have not yet been
considered. To an extent, this is due to the availability and quality of relevant data:






For example, in the Vehicle Over-Turning HIM, the exposure of a road network is
defined as how much traffic passes through during a given time period. However, it is
likely that traffic conditions will change throughout the day and throughout the week.
This effectively changes the exposure level of the road network, which would affect
the overall risk score, although while increased traffic may increase exposure, a
lower speed limit due to congestion may reduce vulnerability to high winds. Another
example might be the changing exposure of an individual through the spatial pattern
of their day as they move in and out of various buildings (homes / cars / workplaces /
leisure facilities etc.).
Changes in vulnerability could include an individual reducing their personal
vulnerability to a hazard by preparing and educating themselves. This could be in the
form of correctly responding to warnings, or ensuring they have access to heating, or
suitable attire. Alternatively, installing flood defences or preparing sandbag walls
could improve a property’s vulnerability against flooding.
The traditional ‘return period’ approach to communicating hazard risk can be
misleading for general audiences, who may interpret the result in absolute terms (i.e.
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a 1 in 100 hundred year flood will only occur once every 100 years). It is therefore
recommended that a probability-based approach to risk communication is carried
forward (i.e. a 1 in 100 year flood would be expressed as a 1% Annual Exceedance
Probability flood).
There is an acknowledgement that verification/validation statistics could be utilised to turn
deterministic forecasts into a probability distribution. Future HIF editions will need to tackle
this tricky issue.

A1.2.3 Linked and Cascading Hazards
In the real world, natural hazards often occur at the same time, or are triggered by other
hazards. For example, the two case study hazards identified throughout the HIF – Surface
Water Flooding and High Winds often occur together during storm conditions. Consequently,
a desirable future direction for the NHP is the facility to analyse multiple simultaneous
hazards. This would assist in the provision of more realistic guidance for emergency
planners. The guidance in the HIF has been designed with this problem in mind.
Consequently, it is anticipated that HIMs produced using the HIF could be aligned with other
HIMs to some extent. However, there are a number of challenges to overcome before multihazard analysis can take place.








How will the impact results be combined? Can the impacts of two cascading impacts
simply be added or should the research combine the hazards before assessing
impacts (e.g. for a given location, if there are two fatalities forecast in a SWF hazard
and two fatalities forecast in a High winds hazard, should they be summed together
or should impacts be reassessed?). Can the analysis be measured relatively rather
than using absolute values (i.e. based on risk levels or impact severities)? Can
qualitative/subjective approaches be considered with the same confidence as
quantitative/objective measures?
How do impact calculations work when one hazard is triggered by another hazard?
Or if one hazard has a rapid onset, but another hazard occurs over a longer period of
time?
There are a number of options for integration involving multi-criteria analysis. For
example, the current approach for SWF is to use the maximum severity criteria.
Alternatively, it may be more relevant to use a sum or average of hazard severity
scores. Characterisation of hazard risk could also focus on the breakdown of different
HIM impacts at a given location.
How should results be communicated to expert users and responders?
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Annex II. HIF Glossary of Terms and
Abbreviations
Achieving a common terminology is a challenge. Scientists and practitioners have developed
specific terminology for the assessment of particular hazards and impacts which can differ
significantly between disciplines and amongst stakeholders. The following glossary of terms,
as a component of the Hazard Impact Framework, represents a central reference point for
the Natural Hazards Partnership. There will be exceptions given the diversity of research
conducted. However, this glossary provides a common understanding for the most regularly
used terms within the partnership.A2.1. Glossary

Term

Definition

Reference

Category 1
responders

Those in Category 1 are organisations at the core of
the response to most emergencies (the emergency
services, local authorities, NHS bodies).

Cabinet Office
(2013)

Category 2
responders

Category 2 organisations (the Health and Safety
Executive, transport and utility companies) are ‘cooperating bodies’. They are less likely to be involved
in the heart of planning work, but will be heavily
involved in incidents that affect their own sector.

Cabinet Office
(2013)

Contact
Datasets

Contact datasets are defined as the datasets used in
a HIM to identify exposure – the point where hazard
and receptor come into contact. The contact
datasets could be removed from the raw datasets.

HIF (2017)

Damage to
property

Physical damage to property, infrastructure, land and
environment.

HIF (2017)

Danger to life

Human injury, death, loss of health and wellbeing.

HIF (2017)

Denial of
access

Partial/total temporary loss of access to a location,
facility or transport route.

HIF (2017)

Disaster

A serious disruption of the functioning of a
community or a society at any scale due to
hazardous events interacting with conditions of
exposure, vulnerability and capacity, leading to one
or more of the following: human, material, economic
and environmental losses and impacts.

(UNISDR, 2017)

Exposure

The situation of people, infrastructure, housing,
production capacities and other tangible human
assets located in hazard-prone areas. NB. Elements
are referred to as Receptors in this document.

(UNISDR, 2017)

Forecast

Definite statement or statistical estimate of the likely
occurrence of a future event or conditions for a
specific area.

(UNISDR, 2009)
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Term

Definition

Reference

Geographic
Information
System

A set of computer tools for collecting, storing,
retrieving at will, transforming, and displaying spatial
data for a particular set of purposes.

Burrough,
McDonnell and
Lloyd (2015)

Hazard

A process, phenomenon or human activity that
may cause loss of life, injury or other health
impacts, property damage, social and economic
disruption or environmental degradation.

(UNISDR, 2017)

Hazard
Impact
Framework

The Hazard Impact Framework (HIF) is a common
and consistent approach to modelling and
forecasting natural hazard impacts. Specifically, the
HIF is a source of definitions and common concepts
in impact modelling and it provides a standard series
of guidelines, and where necessary, stricter
protocols for building and developing Hazard Impact
Models.

HIF (2017)

Hazard
Impact Model

Hazard Impact Models (HIMs) combine data and
expertise from Partners to identify the impact on
populations, areas and assets from a range of
natural hazards.

HIF (2017)

Hazard
Impact
Production
System

A “virtual” system composed of multiple selfcontained “modules” (the Hazard Impact Models), all
conforming to a set of standards (the hazard Impact
Framework).

HIF (2017)

[Disaster]
Impact

The total effect, including negative effects (e.g.,
economic losses) and positive effects (e.g.,
economic gains), of a hazardous event or a disaster.
The term includes economic, human and
environmental impacts, and may include death,
injuries, disease and other negative effects on
human physical, mental and social well-being.

UNISDR (2017)

Impact
Library

A set of pre-calculated impact information for a
range of different receptors and different hazard
scenarios.

HIF (2017)

The rationale for pre-calculating the impacts is
twofold: it allows for rapid assessment by doing the
bulk of the geographical processing in advance, and
it provides a consistent and traceable baseline to aid
assurance in the results.
Intensity
Also referred
to as
Magnitude

Intensity - Physical parameters describing the
severity of the hazard. For major
hydro-meteorological hazard phenomena, standards
have been developed by WMO and adopted by 188
Member States for monitoring and reporting of
hazard phenomena. [Source: Global Change and
Environmental Hazards].
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WMO (2016)

Term

Definition

Reference

Multi hazard
assessment

Multi-hazard assessments determine the likelihood
of occurrence of different hazards either occurring at
the same time or shortly following each other,
because they are dependent on one another or
because they are caused by the same triggering
event or merely threatening the same elements at
risk without chronological coincidence.

European
Commission
(2010).

Natural
Hazard

Natural hazards are predominantly associated with
natural processes and phenomena.

(UNISDR, 2017).

Open
Geospatial
Consortium

The OGC (Open Geospatial Consortium) is an
international not for profit organization committed to
making quality open standards for the global
geospatial community. These standards are made
through a consensus process and are freely
available for anyone to use to improve sharing of the
world's geospatial data.
OGC standards are used in a wide variety of
domains including Environment, Defence, Health,
Agriculture, Meteorology, Sustainable Development
and many more.
OGC members come from government, commercial
organizations, NGOs, academic and research
organizations.

OGC (2016)

Probability

Likelihood of an event happening. Probability is
statistically higher for low-intensity hazards.
Probability reflects the future frequency of
occurrence of hazard event, and cannot be drawn
using historical statistics alone. For hydrometeorological hazards, probability assessments
need to reflect trends related to ongoing evolutions
(i.e. climate change, deforestation, etc.) [Source:
United Nations University, Comparative Glossary for
Core Terms of Disaster Reduction, p.16].

Raster data

A regular grid of cells covering an area.

Burrough,
McDonnell and
Lloyd (2015)

Receptor

The entity that may be harmed (a person, property,
habitat etc.).

FLOODsite (2005)

Resilience

The ability of a system, community or society
exposed to hazards to resist, absorb, accommodate,
adapt to, transform and recover from the effects of a
hazard in a timely and efficient manner, including
through the preservation and restoration of its
essential basic structures and functions through risk
management.

(UNISDR, 2017).

[Disaster]
Risk

The potential loss of life, injury, or destroyed or
damaged assets which could occur to a system,
society or a community in a specific period of time,

(UNISDR, 2017).
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Term

Definition

Reference

determined probabilistically as a function of hazard,
exposure, vulnerability and capacity.
Susceptibility

The potential for an area to be subject to the hazard.
Susceptibility is based on examining the causative
factors for the hazard and determining whether these
causative factors could be present at the locations.
Susceptibility does not include an indication of
probability or magnitude [intensity].

Validation

The process of determining the degree to which a
model is an accurate representation of the real world
from the perspective of the intended uses of the
model.

(AIAA G-0771998(2002))

Vector data

The representation of space as points, lines and
polygons.

Burrough,
McDonnell and
Lloyd (2015)

Verification

The process of determining that a model
implementation accurately represents the
developer's conceptual description of the model and
the solution to the model.

(AIAA G-0771998(2002))

Vulnerability

The conditions determined by physical, social,
economic and environmental factors or processes
which increase the susceptibility of an individual, a
community, assets or systems to the impacts of
hazards.

(UNISDR, 2017).

Warning

A forecast provides “information” about a future
situation (e.g. weather), whereas a warning is when
an event (e.g. flooding) is expected. A warning is
therefore a “call to take action”.

Based on
Environment
Agency practice

Web
coverage
service
(WCS)

WCS is used to request raster (grid cell) data from a
server. Analysis or display of the data relies on
specialised software (e.g. GIS) at the client end.

Web feature
service
(WFS)

WFS is used to request vector (point, line, area) data
from a server. Analysis or display of the data relies
on specialised software (e.g. GIS) at the client end.

Web map
service
(WMS)

WMS handles the delivery of mapping imagery. A
WMS service will typically be set up as a number of
layers (with, in some cases, more than one visual
style per layer) which the user / client software can
choose from. The two other OGC services provide
the facility to download the data underlying a WMS.
Note - the definition of these terms remain to be widely consulted upon and are likely to be
amended and added to in the future.
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A2.2. Abbreviations
BGS
British Geological Survey
CEH
Centre for Ecology & Hydrology
FFC
Flood Forecasting Centre
FAR
False Alarm Ratio
GIS
Geographic Information System
HID
Hazard Impact Database
HIF
Hazard Impact Framework
HIM
Hazard Impact Model
HIPS
Hazard Impact Production System
HSE
Health and Safety Executive
HSL
Health and Safety Laboratory
KCL
Kings College London
MOGREPS Met Office Global and Regional Ensemble Prediction System
NHP
Natural Hazards Partnership
OGC
Open Geospatial Consortium
POD
Probability of Detection
NSWWS National Severe Weather Warning Service
QA
Quality Assurance
SWF
Surface Water Flooding (HIM)
VOT
Vehicle OverTurning (HIM)
WCS
Web Coverage Service
WFS
Web Feature Service
WOW
Weather Observations Website
WMO
World Meteorological Organisation
WMS
Web Map Service
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Annex III. Natural Hazards Partnership
member profiles
The British Geological Survey (BGS) is a world-leading geological survey.
It focuses on public-good science for government, and research to
understand earth and environmental processes.
The Cabinet Office supports the Prime Minister and ensures the effective
running of government. It is also the corporate headquarters for
government, in partnership with HM Treasury, and it takes the lead in
certain critical policy areas.
The Centre for Ecology & Hydrology (CEH) is a world-class research
organisation focusing on land and freshwater ecosystems and their
interaction with the atmosphere.
The Department for Environment, Food & Rural Affairs (DEFRA) are the
UK government department responsible for safeguarding our natural
environment, supporting our world-leading food and farming industry, and
sustaining a thriving rural economy. Its broad remit means it plays a major
role in people’s day-to-day life, from the food we eat, and the air we
breathe, to the water we drink.
The Environment Agency (EA) works to create better places for people and
wildlife, and support sustainable development.

The Government Office for Science ensures that government policies and
decisions are informed by the best scientific evidence and strategic longterm thinking.
The Health and Safety Executive (HSE) is Britain’s national regulator for
workplace health and safety. It aims to reduce work-related death, injury
and ill health. It does so through research, information and advice,
promoting training; new or revised regulations and codes of practice, and
working with local authority partners by inspection, investigation and
enforcement.
The Met Office is the UK’s National Weather Service. It provides weather
and climate-related services to the Armed Forces, government
departments, the public, civil aviation, shipping, industry, agriculture and
commerce.
The National Centre for Atmospheric Science (NCAS) is a world leader in
atmospheric science.
The National Oceanography Centre (NOC) is the UK’s national centre of
excellence for large scale oceanographic research.
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The Natural Environment Research Council (NERC) is the leading funder
of independent research, training and innovation in environmental science
in the UK.
Ordnance Survey (OS) is Great Britain’s national mapping agency. It
carries out the official surveying of GB, providing the most accurate and
up-to-date geographic data, relied on by government, business and
individuals. It is a government owned company as well as a non-ministerial
department.
Public Health England (PHE) protects and improves the nation’s health and
wellbeing, and reduces health inequalities.

The Scottish Environment Protection Agency (SEPA) is Scotland’s
principal environmental regulator, protecting and improving Scotland’s
environment. Scotland’s national flood forecasting, flood warnings and
strategic flood risk management authority.
The Scottish Government is devolved government for Scotland. It has a
range of responsibilities which include: health, education, justice, rural
affairs, housing and the environment. Some powers are reserved to the UK
government and include: immigration, the constitution, foreign policy and
defence.
The UK Space Agency is responsible for all strategic decisions on the UK
civil space programme and it provides a clear, single voice for UK space
ambitions.
The Welsh Government is the devolved Government for Wales. Working to
help improve the lives of people in Wales and make the Welsh nation a
better place in which to live and work.

68

Annex IV. Review of the Glasgow
Commonwealth Games Scottish SWF
HIM pilot.
Introduction
Two Hazard Impact Models (HIMs) have been developed by the Natural Hazards
Partnership (NHP) HIM group to date: Surface Water Flooding (SWF) and High Winds
Vehicle Over-Turning. These have been developed alongside the Hazard Impact Framework
(HIF). The experiences gained during the development of these HIMs have been used to
inform and refine the HIF. Consequently, both HIMs align well with the framework.
Under the banner of the NHP, work commissioned by the Flood Forecasting Centre (FFC)
led to the development of the SWF HIM covering England and Wales. Work on the SWF
HIM has been undertaken in collaboration with NHP partners at the Centre for Ecology &
Hydrology (CEH), the Health and Safety Laboratory (HSL), the Environment Agency, the Met
Office and King’s College London, with further support from JBA Consulting. A trial system of
the phase 2 SWF HIM is currently in place and being trialled against case studies from 2016
at the FFC.
A Scottish pilot SWF HIM was developed for the Scottish Environmental Protection Agency
(SEPA), building on ongoing work under the SWF HIM, and successfully implemented during
the Glasgow Commonwealth Games in 2014 (Speight et al. 2016). Partner organisations
included CEH, The James Hutton Institute, Deltares, the Met Office and SEPA. The Glasgow
pilot was the UK’s first operational SWF risk forecast with a 24-hour lead time. The pilot
Scottish SWF HIM pre-dated the development of the HIF although the concept was in place
as a future goal for NHP.
The final Centre for Expertise for Waters (CREW) report for the Glasgow Pilot (Moore et al.
2015) explicitly stated that one of the aims was to develop a methodology capable of being
translated up from city-scale to regional/national scale. As the Glasgow Pilot was developed
prior to the HIF guidelines being available, it is useful to review the extent to which the pilot
and current HIF align, and subsequently identify any refinements that could be made to the
pilot Scottish SWF HIM and/or the HIF guidelines to facilitate greater alignment and
consistency. Additionally, the parallel development of two SWF HIMs in different countries
within the UK provides a unique opportunity to compare approaches and to provide
recommendations for future development and potential alignment. Lessons learned from the
regional/national scale approach used for the England and Wales SWF HIM could help in
the development of similar capabilities in Scotland.

Review aim and outcomes
The aim of this review is to determine the extent to which the Glasgow Pilot aligns to the now
available HIF guidance. This will be assessed through analysis against the HIF and
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comparison with the NHP SWF HIM for England and Wales, bearing in mind the differences
in dataset availability between England and Wales and Scotland. The review will follow the
four phases of HIM development (Figure 1) defined in the HIF. The technical specifications
for the Glasgow Pilot and NHP SWF HIM proof-of-concept were compared by CEH (2015).
An adapted summary comparing the Glasgow Pilot to the Phase 2 NHP SWF HIM, currently
on trial at the FFC, is provided in Table 1.
The outcomes of the review are key learning points that suggest potential refinements to
methods and data that may assist the Glasgow Pilot and its future development, whilst also
identifying points of development for the NHP SWF HIM and the HIF. This will enable closer
alignment between the Glasgow Pilot, NHP SWF HIM and the HIF.

Figure 1. HIM workflow diagram (Figure 3.1 in the main HIF document)
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Review of the Glasgow Pilot
Scoping Phase




Review existing science and Quantify, map and review historical events. These
elements were encapsulated in two detailed literature reviews (unpublished)
completed during the initial phase of the Glasgow Pilot project. The two reviews
covered recent advances in rainfall estimation and forecasting techniques with a view
to identifying the best rainfall data for surface water flood forecasting, and current
surface water flood modelling techniques commonly used in the UK with a focus on
their potential application for real-time forecasting in urban communities. A summary
report detailing the main outcomes of the reviews demonstrates that the Glasgow
Pilot is built on well-established, cutting-edge hazard science and that the authors
have a good understanding of the potential challenges to model development
(Ghimire et al. 2013). In an effort to retain model simplicity, the emphasis in the
Glasgow Pilot was on utilising existing pre-calculated SWF impact datasets rather
than reviewing, or further developing, the impact assessment algorithms used. For
example, receptor vulnerability is not specifically addressed in the main report.
However, the summary of reviews states that parallel scoping study work on impacts
(CEH and SEPA / CEH and HSL) were in progress, and efforts to pull through
outcomes where possible within the Pilot were recommended (Ghimire et al. 2013).
Gather broad user requirements. A project steering group was set up by SEPA at
the outset of the project. The steering group comprised key responders including
Glasgow City Council, Transport Scotland, Scottish Water, The Scottish Government,
and Commonwealth Games organisers. The remit of the steering group included
identifying key requirements, providing input and advice to the project team, and
reviewing the project plan and outputs. User requirements were clearly defined in the
final report and formed a clear set of criteria on which to build the Pilot. The
requirements focus mainly on the operational aspects and include critical forecast
horizons, guidance on hazard event timings and potential impacts, a stand-down
message, for when the risk-level was reduced, and a challenge to balance the userrequirements against scientific and operational capacities. This final requirement
highlights the requirement for the project group to consider trade-offs as stated in the
HIF.

Modelling Phase




Develop or acquire hazard model. The literature reviews conducted during the
scoping phase provided evidence for the selection of Grid-to-Grid as the basic
framework for surface water runoff forecasting using ensemble rainfall predictions
from the Met Office as input.
Review available receptor data. SEPA provided pre-calculated datasets of SWF
impacts (in point and polyline form) for six receptor types. Receptor datasets were
created from the OS MasterMap Address Point and OS MasterMap Integrated
Transport Network products and Census statistics to model receptors to propertylevel (SEPA, 2014).To retain simplicity in the Glasgow Pilot, the pre-calculated
datasets of SWF impacts were used “as is” without reviewing, or further developing,
the receptor datasets or impact algorithms. However, Moore et al. (2015) state that
the 1km impact definitions (used to when aggregating to a 1km grid) were specifically
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developed for the Glasgow Pilot. Upscaling of the model to a national extent would
require reassessment of these definitions.
Formalise hazard / receptor relationship. The pre-calculated datasets of SWF
impacts (in point and polyline form) were derived for seven different rainfall scenario
SWF maps (all using 3 hour duration storms) and six receptor types (see Table 1).
Receptors were deemed to be potentially impacted by SWF if they were located
within areas identified as susceptible to SWF. This was implemented in a GIS by
evaluating counts of receptor data points or distances of receptor data lines that
intersected flood hazard areas as represented in the Scottish Regional Pluvial Flood
Hazard (RPFH) maps.
Impact severity descriptions used in the Flood Guidance Statement and expected
national partner responses were used to determine impact thresholds at a 1km gridcell for each receptor type and for three severity levels. These thresholds highlight
the importance of responder-driven models for producing better focussed models, as
recommended by the HIF. The SEPA SWF impact datasets (points and polylines)
were used as a basis for a pre-calculated 1km Impact Library for a range of seven
rainfall scenarios. Risk analysis follows a risk matrix approach, similar to the NHP
SWF HIM.
Identify contact hazard and contact receptor data. The hazard model was the
underlying driver in determining the format of data within the Glasgow Pilot. The
contact hazard datasets are 1km gridded information detailing rainfall depth and
exceedance of accumulated surface water runoff depth thresholds. For each receptor
type, impact classification maps were produced for each RPFH design storm
scenario. These were then combined into a single ‘minimum effective rainfall’ map for
each receptor and impact level (minor, significant, severe). The minimum effective
rainfall maps were then collated into impact types – population and property, road,
rail and transport (road and rail). A final pre-calculated Impact Library was collated
comprising of six layers – people and property ×3 (minor, significant, severe impact)
and road, rail and transport at a significant impact. The Impact Library data are
formatted as 1km grids with the same spatial scope and scale as the contact hazard
data.
Agree spatial and temporal resolution and web service contents. The spatial
and temporal resolutions were agreed in detail by the project steering group. The
relatively small size of the Glasgow Pilot meant that the scale of processing was
smaller than that required for a national model, and therefore a greater level of
scientific complexity could be included into the model outputs. This allowed a greater
range of results for presentation and more easily facilitated input of local knowledge.
This reduced the potential for conflict between user requirement and scientific
capacity. Web outputs were agreed with Deltares, who developed the web reports
using Delft-FEWS for deployment by SEPA.

Prototyping Phase


Implementation. The Pilot study was run operationally by SEPA using Delft-FEWS
through the summer of 2014 and successfully used to support production of Glasgow
Daily Surface Water Flood Forecast (DSWFF) during the Commonwealth Games.
The model has continued to run since the games but without production of the
DSWFF.
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Evaluation Phase




Collect observed impacts data. During the operational trial, specific processes
were in place to collect impact data and data for three case studies. Data for other
events have been collated on an ad-hoc basis.
Validate against case studies. Moore et al. (2015) note that rigorous verification of
the model requires running the system over a longer time period than was possible
for the Pilot. A brief summary of the pilot tool performance was undertaken for the
three case studies above showing that generally the model performed well.

Comparison of Glasgow Pilot and NHP SWF HIM
Table 1 presents a detailed comparison of the technical features of both models. Hazard
components of both models are similar in composition. This is also true for the use of
historical SWF maps in creation of impact libraries. The key differences highlighted lie in
Impact Library design, the consequent output based on these and the level of model output
detail.
Table 1. Comparison of the Glasgow Pilot and NHP SWF HIM (adapted from CEH (2015))
Glasgow Pilot Moore et al. (2015)
NHP SWF HIM (Phase 2) Cole et al. (2016), Cole
et al. (2015)

Platform
Historical G2G: Delft-FEWS (National)
Forecast G2G: Delft-FEWS (Glasgow)
Impact calculations: Delft-FEWS (Glasgow)
Impact visualisation: Delft-FEWS (Glasgow)
Rainfall/Hazard Model
24 member blended ensembles using
MOGREPS-UK data. Provided as 2km
resolution 15 minute accumulations from four
forecast reference times per 24 hour period.
Detailed off-line Surface Water Maps
Product: Regional Pluvial Flood Hazard
(RPFH) maps
Model: JFlow+ over Glasgow study (JBA
Consulting & Mott MacDonald, 2013)
Design storms: 14 combinations of 2
durations (1 and 3 hours) and 7 rainfall
scenarios (10, 30, 50, 100 and 200 years
plus 30 year + 20% and 200 year + 20%)
Rainfall calculation: 5 by 5km tiles using the
FEH estimates for the centroid of the tile.
Urban/rural split: calculated at 2m resolution
of JFlow+ using Land Cover Map 2007.
Urban runoff: 70% runoff coefficient. 50%
FEH/FSR summer storm temporal profile.
Constant drainage equal to 5 year return
period rainfall.
Rural runoff: 55% runoff coefficient.

Historical G2G: NFFS-FFC (Delft-FEWS)
Forecast G2G: Met Office HPC
Impact calculations: Met Office IT system
(not HPC)
Impact visualisation: Met Office Visual
Weather
24 member ensembles using MOGREPS-UK
data. Provided as 2km resolution 15 minute
accumulations from four forecast reference
times per 24 hour period.
Product: uFMfSW (updated Flood Map for
Surface Water) Environment Agency (2013)
Model: JFlow+
Design storms: 9 combinations of 3 durations
(1, 3 and 6 hours) and 3 rainfall probabilities
(30, 100 and 1,000 years)
Rainfall calculation: 5 by 5km tiles using the
FEH estimates for the centroid of the tile.
Urban/rural split: 250m resolution. If OS
MasterMap >50% man-made then urban.
Urban runoff: 70% runoff coefficient. 50%
FEH/FSR summer storm temporal profile.
Constant drainage of 12 mm/hr used unless
known as high capacity (20 mm/hr) or low
capacity (6mm/hr).
Rural runoff: Revitalised Flood Hydrograph
(ReFH) method applied on 1km grid.
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Glasgow Pilot Moore et al. (2015)

NHP SWF HIM (Phase 2) Cole et al. (2016), Cole
et al. (2015)

Impact Library: Flood outline
SEPA generated flood outlines for each
return period (using 3-hr duration only)
based on depths > 0.1m.

The current approach uses one flood outline
for each return period that is based on the
maximum Hazard Rating from the three
durations (e.g. any pixel where the hazard
rating is greater than 0.575 for at least one of
the durations). The “Maximum Outputs” grids
store, for a given return period, the worst
case for each output (depth, velocity, hazard)
over all durations and the critical storm
duration is stored for each pixel.

Impact Library: Impact criteria
Receptor groups, impact criteria and spatial
data formats:
Population and Property
1. Population (point locations)
2. Community Services (point locations)
3. Utilities (point locations)
4. Commercial Properties (point locations)
Transport
5. Railway lines (polylines)
6. Roads (polylines)

Impact criteria, component sub-criteria and
spatial data formats:
Danger to life
1. Day time population (National Population
Database (NPD) point locations)
2. Night time population (NPD point
locations)
Damage to property
3. Residential (National Receptor Dataset
(NRD) point locations)
4. Non-residential (NRD point locations)
Key sites and Infrastructure
5. Key sites (NRD point locations)
6. Infrastructure (NRD point locations)
Transport
7. Railway lines (NRD polylines based on
Ordnance Survey Integrated Transport
Network )
8. Trunk/Primary roads (NRD polylines)
9. Other major roads (NRD polylines)

Impact Library: offline impact assessment
per receptor/impact criteria
Simple static assessment made by SEPA
using flood outline for existing datasets on
six receptors. Binary assessment of impact
for point-based receptors, distance
assessment for polyline-based receptors.

Offline impact assessments evaluated based
on specific flood vulnerability information for
receptor types. These are applied using the
uFMfSW outline and depth, hazard, velocity
datasets, together with receptor datasets for
the impact criteria. Results are binary
assessment of impact for point-based
receptors, distance assessment for polylinebased receptors.
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Glasgow Pilot Moore et al. (2015)

NHP SWF HIM (Phase 2) Cole et al. (2016), Cole
et al. (2015)

Impact Library: 1km offline impact
assessment
1km grid cell metrics are calculated for each
impact criteria as counts of impacted
receptors and total distances impacted.
For each 1km grid cell and impact severity
(Minor, Significant, Severe), the “minimum
effective rainfall” could be calculated from
the seven design storms, i.e. the minimum
effective rainfall needed to generate that
level of impact.
These were pooled over receptor groups.
The six “minimum effective rainfall” grids
calculated were:
People and Property × 3 (minor, significant,
severe), railways, roads and combined
railways and roads (transport).
So for each grid, the impact level is the same
but the effective rainfall threshold (and
associated design storm) can vary in space.
Model outputs: Range of outputs
produced for the Pilot/Proof of Concept
Outputs for the whole forecast period or subperiod possible. Grids of maximum 3-hr G2G
surface runoffs calculated for each period
and ensemble member.
Probabilistic outputs
For each time period:
1. 1km grids displaying probability of 3-hr
maximum rainfall and G2G Surface Runoff
totals exceeding static thresholds (20mm for
rain, 13.5 or 16mm for G2G Surface Runoff)
2. 1km grids displaying the probability of 3-hr
G2G surface runoffs exceeding four
“minimum effective rainfall” grids using the
Impact Library:
1. People and Property (Minor)
2. People and Property (Significant)
3. Roads
4. Railways
Grids coloured according to Flood Risk
Matrix.

1km grid cell metrics are calculated for each
impact criteria as counts of impacted
receptors and total distances affected.
1km impact grids produced, one for each
return period, for the four impact criteria and
for the maximum impact level across all
criteria. So, for each grid, the impact level
can vary with space.

Outputs for the whole forecast period or subperiod possible. Grids of maximum 1-hr G2G
surface runoffs calculated for each period
and ensemble member.
Deterministic outputs for each ensemble
member
Based on Fig. 4.2 of Aldridge & Gorce
(2014), for each time period:
1. 1km grids of maximum 1-hr G2G surface
runoffs calculated and assigned a return
period based on which 1-hr uFMfSW rainfall
threshold is crossed (30, 100, 1000-yr).
2. 1km grids of impact severity converted
from G2G outputs for each ensemble
member, for each of the 4 impact criteria,
and a maximum severity of all impacts using
Impact Library.
3. Creation of a maximum impact severity
summary grid across all ensemble members.
Probabilistic outputs
Gridded maps of the probability of maximum
1-hr G2G Surface Runoff totals exceeding
the uFMfSW thresholds were provided and
1-hr
rainfall exceeding 30 or 40 mm.

75

Glasgow Pilot Moore et al. (2015)

NHP SWF HIM (Phase 2) Cole et al. (2016), Cole
et al. (2015)

Model outputs: regional summary
Not calculated as only one 10km by 10km
area studied.

Model outputs: Other G2G Surface Runoff
outputs
The gridded outputs show collated
information across all ensemble members.
To give some insight into the ensemble
spread, a surface runoff time-series display
was produced showing the maximum 3-hr
surface runoff accumulation in any grid-cell
for each ensemble member over each timestep of the whole forecast. These plots
include the surface runoff accumulation
thresholds of 13.5 and 16mm used in the
gridded outputs as a reference.
Spatial domain
Glasgow trial was over a 10km by 10km
area.
Real-time trial
Real-time trial operated during the Glasgow
2014 Commonwealth Games.

Methodologies for creating regional
summaries derived (Equations 3.1 and 3.2 in
Aldridge and Gorce, 2014). Note important to
summarise regional impact per ensemble
member before assessing probabilities (and
risk) across ensemble members. Once an
ensemble of regional impact summaries
were calculated, regional risk forecasts could
be made, aligned to the Flood Risk Matrix.
Phase 2 will further develop these.

Methods of visualising the ensemble spread
wasn’t included in the proof-of-concept SWF
HIM but could be considered in the future.

Large regions encompassing several
counties/authorities. SWF HIM Phase 2
includes all of England.
Real-time trial operated during the summer
of 2016. A second trial is planned for the
summer of 2017.

Impact Assessment: Impact Library
The CREW report (Moore et al. 2015) doesn’t focus on the definition, measurement and
calculation of impact data as pre-calculated SWF impact datasets were provided, but
parallels and differences can be drawn out of the reports. Both models concentrate on
similar categories of receptors, which can all be incorporated into the 3D tiered framework of
impact categories (Table 5.6, HIF document). However, these receptors are split up and
grouped in different ways:
The NHP SWF HIM uses four key impact categories – Danger to life, Damage to property,
Denial of access to infrastructure and key sites, and Denial of access to transport. These are
composed of nine underlying receptor types:





Danger to life – Night time and Day time populations.
Damage to property – Residential and Non-residential properties.
Denial of access to infrastructure and key sites – Locations of infrastructure and
Key sites.
Denial of access to transport – Trunk roads, Other main roads, Railways.
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Conversely, the Glasgow Pilot uses two key impact categories – Population and Property,
and Transport. These are composed of six underlying receptor layers:



Population and property – Population (measured by residential properties),
Community Services, Utilities, Commercial Properties.
Transport – Roads, Railways, Roads and Railways

Both models cover the same broad impact categories. The main difference effectively
groups the first three FFC impact categories into one SEPA impact category. Both
approaches lie within HIF guidelines, although a key difference is the source of population
information. In the NHP SWF HIM, population is measured using HSL’s National Population
Database (Smith et al. 2005, Smith and Fairburn, 2008) to model numbers of people
impacted, whereas the Glasgow Pilot uses residential property counts and simple rules on
number of people per property as the basis for population impact calculations. The headline
transport definition is the same for both models (Rail and Road), although subtle differences
may exist in the exact composition of data. For example, the underlying SWF HIM impact
information makes a distinction between trunk and non-trunk roads, where no mention of this
is made in the Glasgow Pilot.
Measurements of vulnerability can be critical in impact modelling as they define the extent to
which a receptor is likely to be impacted by a hazard.




The NHP SWF HIM considers vulnerability within the impact assessments for each
impact criteria. This is typically applied through type-specific thresholds for depth and
hazard rating. Increased vulnerability of sensitive population groups is modelled via
the use of lower hazard rating thresholds. These include hospital and care-home
residents.
Vulnerability information is not explicitly discussed in the CREW report. It is
essentially applied through implementation of a depth threshold of 0.1m for all
receptor types.

Both models adopt a similar off-line assessment approach to building an Impact Library
consisting of 1km raster grids for defined criteria. The use of pre-calculated information
enables more rapid operational processing and transparency and flexibility in the use of
impact data.

Impact Assessment: Model outputs
The Glasgow Pilot has fewer impact criteria than the SWF HIM proof-of-concept but provides
a greater number of model outputs for each category. This is appropriate for the small pilot
research site (10km × 10km), but may be challenging to scale up, visualise and interpret for
larger regions. The differences between the content of the model outputs are summarised
below.


In the NHP SWF HIM, for each of the three uFMfSW rainfall scenarios, five layers are
produced (4× impact criteria and a maximum summary layer). The values of the grid
cells in each of these layers indicates the (highest) impact severity that would occur
during the given design storm scenario. These layers are matched to the G2G
modelled runoff scenarios, on a grid-cell by grid-cell basis, to produce sets of unique
impact severity layers for each MOGREPS ensemble member that can be used to
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generate regional impact severity summaries for each member. These are impact
severity ensembles are subsequently used to generate risk outputs.
The Glasgow Pilot approach is slightly different. For each ensemble member and
forecast horizon, it is noted if the maximum G2G surface runoff 3 hour accumulation
for each grid-cell exceeds the “minimum effective rainfall” threshold grids for six
different combinations of impact category and impact severity level. Once repeated
for each ensemble member, a grid of exceedance probabilities for any of the
threshold grids can be calculated. Furthermore, these grids of exceedance
probabilities can be combined according to the Flood Matrix, to calculate an overall
risk for each pixel.

Risk outputs
Both HIMs follow HIF guidelines through their use of ensemble forecasting to assess
likelihood. Both HIMs also model risk as a product of likelihood and impact severity, and both
HIMs use the same format of risk matrix to derive risk scores. In both cases, the HIMs
provide access to underlying data for deeper interpretation if necessary. Both HIMs produce
outputs as to fulfil specific requirements of the end users (FFC / SEPA) as stated in the HIF.
The national-scale SWF HIM produces impact scores at 1 km resolution and risk scores at
county/unitary authority level. Alternatively, the local-scale Glasgow Pilot produced 1 km risk
scores without the requirement for regional summaries. The different outputs selected by the
end users present a useful demonstration of the flexibility of the models, although the
underlying structure of the models allows very similar capabilities.

Quality Assurance
The scientific components of both HIMs are based on reviews of literature and use of
established flood risk methodologies. The models have also been subject to some tentative
validation of model outputs using case study events. In the case of the Glasgow Pilot, this
included three events from the period of operation. For the SWF HIM this includes a set of
11 selected case study surface water flooding events from 2012 and 2014. Both HIMs have
also used case study events and longer periods of record to calibrate and evaluate modelled
processes. The smaller scale of the Glasgow Pilot has also enabled local stakeholders to
refine the model using local knowledge.

Discussion
The Glasgow Pilot conforms well to HIF guidelines. The CREW report demonstrates a
satisfying consistency with the HIM workflow (Figure 1); further, the independent
development of the HIF and Glasgow Pilot indicates that the HIF structure is intuitively
sound. Consistency with the SWF HIM is mainly in the selection of broad impact criteria, the
likelihood and risk method, and the general approach using an Impact Library to store the
results of off-line impact assessment for selection in an operational setting. Key issues lie in
the differences in the two models. In particular the approaches for assessing exposure and
vulnerability are different, and the models present different outputs for users. The differences
would provide challenges for comparative analysis. This may be a particular concern for
future SWF events that span the England-Scotland border.
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A number of learning points based on this review are provided below. These are not
suggested amendments, but rather are placed in the context of influencing HIF development,
aligning the Glasgow Pilot to the HIF and scaling up the Glasgow Pilot to national-scale.

Potential HIF development










The small scale of the Glasgow Pilot provides a useful emphasis on the importance
of local knowledge. There may be potential to include some consideration of this in
the HIF document.
The Glasgow Pilot impact methodology considers expected national partner
responses as part of the criteria for creating severity thresholds. This emphasis
differs from the NHP SWF HIM, which only considers FFC descriptions. This
additional acknowledgement of wider stakeholder actions in the event of a hazard
helps to ensure that model outputs are aligned with current responder practice. This
makes the model more intuitively relevant and useful. These thoughts have been
echoed in a recent HIF workshop. The recommendation is that the HIF should
therefore include a greater emphasis on engagement with the responder community
before, during and after HIM development.
The CREW report offers some interesting discussion points regarding potential future
plans for the Glasgow Pilot. There may be value in adding a more structured review
of longer-term HIM development strategies in the HIF. In particular, this discussion
may include the potential scale and scope of the HIM, which may depend on the
nature of the hazard itself.
Use of a Pilot study area restricts the domain size of a proof of concept. This is a
useful way to develop and test the model without committing too much time and effort
in processing data. This is in evidence in both the Glasgow Pilot and the NHP SWF
HIM, the latter being developed for a case study area over the North East of England
in line with a major SWF hazard event. However, it is also worth understanding the
risk of over-specifying a model to fit a given pilot study area. This may lead to
production of a model that does not adequately consider the national context, or is
limited in terms of its capabilities for comparing flood risk between different regions.
The modelling phase of the HIF does not explicitly state that proof of concept models
should be built within restricted domains as this is common practice. However, for the
sake of completeness, it may be worth including this as a feature, as well as
guidance on test site selection (previous incidents, a ‘representative area’, a wellknown site etc.) but also that upscaling to regional and national scales should be
borne in mind.

Comparison of models




Continued consideration and discussion between HIM groups is recommended to
discuss differences and similarities between approaches and to share experiences.
The ensemble rainfall (MOGREPS) and hydrological modelling (G2G) components
are common across the HIMs meaning advances in either should benefit both. It is
recognised by Moore et al. (2015) that there will be challenges in moving the
Glasgow Pilot HIM to a national scale, in particular in whether to focus solely on cities
or if regional summaries, like is done in the NHP SWF HIM, are required.
The availability of different susceptibility maps and use of different impact severity
thresholds also provides challenges in how far the HIMs can be precisely aligned,
although both models fall within the HIF. Calibration of the impact components via
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case studies could help provide alignment for the HIM outputs, but the differences in
internal model processes need to be acknowledged and understood by end-users for
model comparison purposes and production of parallel outputs.
Two climate change scenarios were included in the seven rainfall scenario maps
used to derive the Impact Library for the Glasgow Pilot. However, only one rainfall
duration - 3 hours was used. For the NHP SWF HIM, three rainfall scenarios (return
periods) and three durations are available (summarised by return period). Recent
learning from the SWF HIM hazard footprint suggests that the 1 hour critical storm
duration may provide the best estimates if model viability allows data for only one
storm duration (Coles et al. 2016). Therefore, consideration of making impact
assessments for the 1 hour duration flood maps in Scotland is worthwhile, as is
understanding the benefit of using the seven scenarios in Scotland versus only three
in England and Wales. In particular, the Glasgow Pilot started with a 10 year return
period which is lower than the 30 year used by NHP SWF HIM so may pick up some
of the lower impact events better.
The differences in composition of the Impact Library are themselves not an issue with
regards to HIF guidance, but alignment and comparison of NHP SWF HIM and
Glasgow Pilot Impact Libraries would require some resolution. The differences stem
from the assessment of the trade-offs at the scoping phase; consideration of these
trade-offs will help in the comparison of Impact Library data.
The CREW report (Moore et al. 2015) has demonstrated the usefulness of
disaggregated risk outputs. However, the need for ‘real-time’ data means that
computer processing time would have to be considered if the results are scaled up to
national or regional levels. The CREW report recommends the application of the
Glasgow Pilot on a city-by-city approach, partly reflecting the comparatively smaller
number of major urban conurbations in Scotland. This is an appealing approach
because it is likely to significantly reduce processing times by focussing on smaller
areas. It would also ensure that assessment is focused on urban areas, where
impacts are expected to be more severe. This could allow local resilience forums to
better monitor SWF in their areas of authority using a standardised methodology
across Scotland and potentially the UK. This local engagement could also provide
additional inputs and amendments to the Impact Library based on detailed local
knowledge and past experiences. City-scale outputs could be created alongside the
other national-scale outputs currently produced by the NHP SWF HIM. However, this
approach would produce multiple sets of data for each impacted urban area. This in
turn would require either more time or more hydro-meteorologists to interpret outputs
and may increase the chance of inconsistencies in flood advice.
The diverse model outputs offered by the Glasgow Pilot and the NHP SWF HIM are a
result of differing requirements set by users. Despite these differences both models
are considered to satisfy the HIF requirements. For future HIM development of
models operating in similar spheres it may be useful to align requirements, or, to
provide a structure for capturing user requirements in a way that makes it easier to
align approaches.

Conclusions
This report has critically reviewed the Glasgow Pilot against HIF guidance and compared it
the NHP SWF HIM. The Glasgow Pilot performs well with regards to the HIF. As a stand80

alone HIM, there is no suggestion from the authors for immediate refinement in this regard.
Differences in the Glasgow Pilot and SWF HIM methodologies are more of a concern. The
general approaches compare favourably but the internal processes and impact model
outputs differ markedly which may inhibit effective comparison, and cause issues for
common cross-border understanding.
The city-by-city approach, proposed in the CREW report is attractive as it focuses
assessment on the most densely populated areas, reducing areas of interest and
subsequent processing times as well as potentially enabling stakeholders to provide
refinements based on local knowledge. However, some consideration would be required with
regard to how to visualise and interpret the multiple outputs produced from different urban
areas across Scotland. Maintaining a standardised interpretation of these results is likely to
be resource intensive, both in terms of IT infrastructure and SEPA/SFFS operational
support.
It is anticipated that scaling the Glasgow Pilot up to national level may require sacrifices in
this level of detail, but this could also be a useful opportunity to align with, or learn from,
methodologies with the NHP SWF HIM. For example, the regional summaries used by NHP
could be adapted to city scale summaries. Conversely, if the Glasgow Pilot methods stand
up to national scale analysis, the additional benefits may be of interest to the FFC in future
phases of the work. In either circumstance, continuing collaboration between NHP project
partners is encouraged.

References
CEH (2015) Natural Hazards Partnership Surface Water Flooding Hazard Impact Model:
Phase 2, D2.4: Learning from Glasgow 2014 Commonwealth Games SWF Trial. Contract
Report to the Environment Agency, Centre for Ecology & Hydrology, Wallingford, UK, 6pp
plus Appendix.
Cole, S.J., Moore, R.J. and Mattingley, P.S. (2015). Surface Water Flooding Component for
NHP HIM: Phase 1 Report. Contract report to the Environment Agency. Research
Contractor: CEH Wallingford, Environment Agency, Bristol, UK, 55pp.
Cole, S.J., Moore, R.J., Aldridge, T.A., Gunawan, O., Balmforth, H., Hunter, N., Mooney, J.,
Lee, D., Fenwick, K., Price, D., Demeritt, D. (2016). Natural Hazards Partnership Surface
Water Flooding Hazard Impact Model: Phase 2 Final Report. Contract report to the Flood
Forecasting Centre and Environment Agency. Research Contractors: CEH Wallingford,
Health and Safety Laboratory, JBA Consulting and Met Office, 19pp. Available online at
http://www.naturalhazardspartnership.org.uk/science/hims/surface-water-flooding/.
Moore, R.J., Cole, S.J., Dunn, S., Ghimire, S., Golding, B.W., Pierce, C.E., Roberts, N.M.,
Speight, L. (2015). Surface water flood forecasting for urban communities, CREW report
CRW2012_03, 39pp. Available online at www.crew.ac.uk/publications.
SEPA (2014) Impact of flooding(flood risk maps) summary: Methodology and mapping.
https://www.sepa.org.uk/media/163413/impacts_of_flooding_summary.pdf [Accessed 3
February 2017].

81

Smith, G., Arnot, C., Fairburn, J. & Walker, G. (2005) A National Population Data Base for
Major Accident Hazard Modelling, HSE Research Report RR297.
Smith, G. & Fairburn J. (2008) Updating and improving the National Population Database to
National Population Database 2. HSE Research Report RR678.
Speight, L., Cole, S.J., Moore, R.J., Pierce, C., Wright, B., Golding, B., Cranston, M.,
Tavendale, A., Dhondia, J. & Ghimire, S. (2016), Developing surface water flood forecasting
capabilities in Scotland: an operational pilot for the 2014 Commonwealth Games in Glasgow.
J Flood Risk Management. doi:10.1111/jfr3.12281

82

Annex V. HIF workshop summary: CEH
Wallingford, 15 October 2015
Introduction
This report presents a summary of the recent Hazard Impact Framework (HIF) workshop,
and how the outcomes are starting to be used to inform the development of the HIF. This
includes agreement on broad issues such as HIF definition and scope, and specific issues
relating to HIM development and the classification, validation and relationships between
impacts.

Workshop Details
The workshop took place on October 15, 2015 at CEH Wallingford. The workshop was
attended by NHP members from the Centre for Ecology & Hydrology, the Health and Safety
Laboratory, the Met Office, the British Geological Survey, the Flood Forecasting Centre and
the Environment Agency. The workshop was split into three activities, which focussed on
Hazard Impact Model (HIM) user requirements, classifying impacts, and improving NHP
understanding of relationships between impacts. A pre-workshop survey was conducted to
focus attendees and to gauge how well the HIF is currently understood. Specific details on
the workshop activities are found in Annex I.
The overall aim of the HIF workshop was:
“To define the scope of the HIF based on current HIM work”

HIF definition and scope
The pre-workshop survey highlighted that the NHP HIM group were largely in agreement
that the HIF could be defined as:
“A common framework of standards and protocols for HIM development within the NHP”
This is encouraging as it aligns with the definition in the NHP operating plan. The HIF
definition conclusively separates the HIF from the Hazard Impact Production System (HIPS),
which is defined as the technical and physical structure within which HIMs are processed.
HIF scope was also addressed by the survey. Answers highlighted the need to consider the
following:
• HIMs should cover a wide spectrum of hazard, impact and risk information.
• There is a continuing need to communicate with stakeholders to refine HIM
requirements.
• HIM outputs should be accessible to technical and non-technical audiences.
• What level of training should the NHP provide to assist users in HIM output
interpretation?
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Questions 2 and 3 of the survey asked participants to cite HIM features that they considered
to be inside or outside the scope of the HIF (Table 1). Most participants thought that features
in the left-hand column of Table 1 should have some acknowledgment within the HIF. This
may be represented as strict protocols on applications and formatting, or more flexible
guidelines/standards. Features in the right-hand column were considered outside HIF scope
and may only appear in the HIF as a series of guides or suggested best-practice advice.
Table 1: HIF scope based on HIM features
Within Scope
Conceptual
Standards
Definitions
Approaches
Methods
Impact descriptions and
severities
Scenarios and narratives

Unsure
Visualisation
Quality Assurance
No mention of risk!

Outside Scope
Research aspects
Hazard definitions and
methods
Impact definitions and
methods
Operational delivery
Products

Technical
Data formats
Data management
Code libraries
Recommendations from Table 1:
 Requirement for a series of guidance levels, ranging from strict protocols to be
adhered to, down to suggested guidelines of best practice. This ensures that the HIF
is not restrictively prescriptive, but still provides the framework to allow avenues of
advanced HIM application and research in the future.
 Visualisation, quality assurance and risk should be included in the HIF, but without
strict protocols or guidelines. Strictly speaking, end-user visualisation should not
feature in the HIF, however there are some visualisation elements that do need to be
addressed to ensure some consistency. This could be done via case study evidence
and best practice advice. Similarly, Quality Assurance (QA) and risk are important
features of the HIF, but can be represented by a number of methodologies, so
guidance should be flexible.
 Clear use of the Surface Water Flooding (SWF) and Vehicle OverTurning (VOT)
HIMs throughout the HIF is recommended as useful examples and references.
The final survey question asked workshop participants to identify the most important
QUALITIES of the HIF. The results are presented in Figure 1. CONSISTENCY QUALITIES
serve to provide the scope, scale and method of scientific work undertaken via HIF
guidelines. CLARITY QUALITIES emphasise the accessibility and flexibility of the HIF for
NHP and wider use.
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CLARITY

CONSISTENCY
 Commonality
 Design
of
multi-hazard,
multi-impact
assessments

 Operational
Capability
 Quality
 Standardisation
 Integration

 Coherence
 Applicability
 Visibility

 Accessibility
 Flexibility
 Simplicity

Figure 1: Key HIF qualities

Potential HIM users and their requirements
Activity 1 required workshop participants to discuss potential users of HIM outputs, the
context in which HIMs might be used, and what HIMs need to produce to satisfy user
requirements. As an outcome of Activity 1, Table 2 demonstrates that three distinct user
groups were highlighted. The user groups are defined by how they might use HIM outputs.
Cited user requirements emphasise the need for HIMs to produce a wide range of outputs
across hazard, impact and risk. Further, there may be a need for formal training in HIM
output interpretation at a technical operation level and at a managerial decision-making
level.
Table 2: Potential HIF users and their requirements from HIM outputs
User group
Example organisations
Requirements
Those who issue Met Office
Location/Duration/
warnings
Flood Forecasting Centre
Magnitude/Likelihood of hazard
NSWWS
Type and severity of impacts
British Geological Survey
Those who use
Emergency Services
More emphasis on location and
warnings
Utility/Transport asset managers severity of impacts.
Local Authorities
More focused outputs
Those who use
Highways England
Location/Duration/
warnings to issue Transport Scotland
Magnitude/Likelihood of hazard
warnings
Type and severity of impacts

Impact severity and classification
Activity 2 asked attendees to consider 2 different methods of assigning impact severity and
apply them to data on flood impacts collated from media reports. This dataset is being used
as a source of validation for current development of the SWF HIM. This exercise revealed a
range of issues with classification of this data (summarised in Table 3). The issues typically
related to the quality of the data and the differences in approach for describing severity.
These need to be acknowledged and addressed during QA and validation, and as guidelines
in the HIF. These are key issues in HIM development and are relevant when evaluating
future sources of validation data (e.g. social media, responder reports, etc.).
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Potential solutions to classification of impact and severity included suggested attempts to
standardise the process. For example, the Environmental Impact Assessment approach is
based on a common tabular format of standardised impacts, while the Decision Tree
approach provides the means to standardise impact severities using step-wise systematic
logic.
Table 3: Issues and potential solutions for impact severity classification and validation
Issues
Potential solutions
Ambiguity in description/definition
Environmental Impact Assessment
Bias of media reports
approach
Requires local knowledge
Decision Tree approach
What is the effect of multiple
small impacts in an area?

Linked impacts
In light of a recent study on linked hazards presented to the HIM group by Kings College
London researchers, Activity 3 focussed on the related analysis of links between impacts
arising from these hazards. This analysis could refine how the NHP determines the influence
of specific impacts during and after hazard events. Relationships in Figure 2 highlight that
damage to the physical landscape (property/infrastructure) has a potentially significant
impact on psychological ill-health and evacuation, while the additional lack of access to
energy had a significant impact on provision of services and business. Psychological Illhealth was highlighted as the most commonly triggered secondary impact.

Physical Harm
Disease
Psychological Ill-health
Evacuation
Property
Structures and Networks
Agriculture
Water
Transport
Communications
Energy production
Business and key sites

Physical Harm
Secondary
Disease
Psychological Ill-health
Evacuation
Property
Structures and Networks
Agriculture
Water
Transport
Communications
Energy production
Business and key sites

Primary

Figure 2: The relationships between primary and secondary (potentially triggered) impacts.
Bold text indicates commonly identified impacts; arrows highlight commonly identified impact
relationships.
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Workshop outcomes and recommendations









The NHP HIM group has reached consensus on a definition of the HIF. The HIF will
therefore define and guide how HIMs are developed and also provide standards for
HIM operation within HIPS architecture.
The HIF should not just be a series of prescriptive rules for HIM development. Some
HIM features require more flexible guidelines. This is likely to ease wider uptake of
the HIF and facilitate a diversity of HIMs.
The initial version of the HIF should focus on individual HIM development based on
commonly agreed standards and guidelines.
The HIF should include some provision for HIM integration. Currently, this should be
reflected as a set of ‘best practise’ guidelines, although this will be developed in later
HIF iterations through further NHP research and discussion.
The explicit addition of current HIM case studies throughout the HIF will support HIF
guidelines and provide real examples of HIF implementation.

Next steps







A second draft of the HIF will be created and circulated across the NHP. This
document will be based on the first draft, the outcomes of this workshop and
continued discussion within the NHP HIM group.
A suggested outcome of the workshop was the creation of an academic peerreviewed Chapter, which would assist in directing the focus of HIF development and
promote the activities that the NHP are undergoing.
Further HIF development, including further consideration of linked and compound
hazards and impacts.
The activities above depend on funding. Current HIF development is dependent on
limited in-kind contribution from NHP HIM group partners. Further development,
publication and dissemination activity for the HIF will be easier if based on strategic
funding.
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Appendix I HIF Workshop Documents

HIF workshop, 15th October 2015
Pre-workshop survey:







Without reference to previous correspondence, what is your definition of the HIF?
In your view what aspects of HIM should be within the scope of the HIF?
In your view what aspects of HIM should not be within the scope of the HIF?
How do you see yourself or your organisation using the HIF in future?
Are there activities outside the HIM that could be aligned with the HIF
e.g. Glasgow Commonwealth Games pilot follow on?
In your view, what is the most important feature of the HIF?
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HIF workshop, 15th October 2015
Activity 1:
What do HIMs need to achieve or measure to meet the requirements of their users?

Outcomes of activity:
A better understanding of operational and strategic/research user requirements

Instructions:




Using flip charts and pens, compose a list of current users of HIMs and HIM outputs,
and potential future users.
Write down what these different users might need from HIM outputs.
Use the workflows and prompts below to guide your discussion
Create a list of what HIMs need to achieve or measure to meet user requirements.

Prompts:





What could HIM outputs be used for?
Where are the key challenges in meeting end user requirements?
Is standardisation of outputs required for any/all users? How could this be achieved?
If integration of HIM outputs is required, how should this be achieved?
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HIF workshop, 15th October 2015
Activity 2:
How does the NHP measure impact severities?

Outcomes of activity:
Discussion of appropriate methods of standardising impact definition, categorisation and
severity level descriptions. This may include suggestions for best-practise guides, or new
elements of the framework.

Instructions:






For the case study provided use the FFC and WOW classification schemes to select
impact severity levels for individual records and an overall impact severity.
Discuss your thoughts and note down your justifications on the sheets provided
Based on the group discussions, colour in the blank maps for the case study based
on agreed impact severities in any way your group sees fit.
Create a list of best practise advice/frameworks/guidelines to be integrated into the
HIF. Write these on post-it notes in your groups.
Select the three most important post-its and bring them to the front.

Prompts:





Where were the key challenges?
How do you tackle scale? How can this be mapped?
What are the main differences between WOW and FFC structures?
What approach should HIMs take (How should this be written into the HIF)?
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HIF workshop, 15th October 2015
Activity 3:
How can HIMs account for inter-related impacts?

Outcomes of activity:
The outcome of this activity will be to better understand the relationships between hazards
and impacts, and the relationships between different impacts.

Instructions:





Using the sheet provided use arrows to join impacts that may result from other
impacts occurring
Fill in the table to reflect which impacts are caused by which hazards, and which
impacts are caused by other impacts
Place completed sheets on table and review as a group
On post-its write down the three most important impacts to UK society. Write down
any important impacts that are missing. Bring them to the front

Discussion:





Which are the most influential impacts?
What are the key relationships?
Are any key impacts missing?
Are there any impacts that the HIF cannot include? Why? (Measurement, scale,
complexity,
data).
Can these issues be rectified? Should they be?
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Annex VI. HIF workshop summary: HSE
Buxton, 7 December 2016
Introduction
This report presents a summary of the second Hazard Impact Framework (HIF) workshop,
which aimed to evaluate use of the HIF for developing Hazard Impact Models (HIMs). As
well as collecting feedback on the HIF document itself, the workshop provided participants
with insights into spatial hazard modelling approaches and the HIM development decisionmaking process. The workshop was received with a high level of enthusiasm and
engagement from across the HIM group.

Workshop Overview
The workshop took place on 7 December, 2016 at the Health and Safety Executive in
Buxton. The workshop was attended by NHP members from the Health and Safety
Laboratory, the British Geological Survey, the Met Office, the Centre of Ecology &
Hydrology, the Environment Agency and King’s College London.
The overall aim of the HIF workshop was:
“To evaluate the HIF for developing HIMs”
This was evaluated throughout the day via consideration of three questions:
1. Is the HIF fit for purpose?
2. Is anything missing from the HIF?
3. Will it work for hazards that are harder to model / forecast?
The workshop was split into two tasks, which explored the impact that different data
structures have on HIM processing, and use of the HIF for HIM decision-making.
Participants were provided with a copy of the current HIF document a week before the
workshop and were asked to arrive with comments and feedback. This feedback formed a
broad, initial discussion of the document under the themes of content, clarity and
consistency. Participants were invited to provide additional feedback throughout the
workshop. Feedback was also provided by NHP HIM group members who were unable to
attend.

Initial thoughts on the Hazard Impact Framework
document
Participants arrived at the workshop with a range of comments, questions and suggestions
drawn from their critical reviews of the HIF document. Analysis of participant feedback
revealed several cross-cutting themes. These include general praise of the HIF, how the HIF
has addressed or defined key concepts, how the HIF can be better communicated and
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maintained, and some thoughts on how to maintain the HIF in the longer term. Table 1
outlines the main themes in more detail.
Table 1: Main themes drawn from HIF feedback.
Theme
Positive
feedback

Feedback
Overall, the HIM group found the HIF document useful and clearly laid
out. The tabular format of the document was well received and the overall
impression was of a comprehensive document with a lot of useful
material:
“I think this is and will be a very useful document that collates and
presents both the principles underlying HIMs and the practical experience
that we have gone through in developing them – therefore it is a wealth of
valuable information”.

Uncertainty
and probability

Defining
impact

Specifically, it was felt that the background and context of the HIF was
well grounded and well-presented, and the HIM workflow diagram (Figure
1) presented an excellent visual overview of the HIF.
Several comments noted a requirement to more explicitly address the
issue of uncertainty and probability with HIM modelling. This is a
recognised component of hazard models, but there is less consideration
for exposure and vulnerability data.
“Much of the emphasis has been on uncertainty in the hazard forecast but
the exposure data and the damage functions will also be uncertain. The
importance of those uncertainties may vary. It is not clear whether & how
this is dealt with”.
The concept of impact is core to the work of the HIM group. However,
impact is still a contested term that is not clearly defined in the HIF.
“Impact is not just uncertain but contested and something that is very
much in the eye of the beholder. The question about how you aggregate
up is really difficult”.

HIF case
studies
Different
formats for
different
audiences

HIF
maintenance

HIF authors have not been able to find reference to a credible,
internationally recognised definition of impact. Therefore, there may be
potential for the NHP to create a definition, based on established literature
and current understanding.
Although NHP experiences with Surface Water Flooding and High Winds
HIM development have been included, it was felt that these could be used
more throughout the document to illustrate concepts and processes.
While the HIF was felt to provide a comprehensive account of the
concepts underpinning HIMs and the HIM development process, there is
a requirement to publish the HIF in alternative formats. This includes
higher level documentation to summarise and promote the HIF, as well as
peer-review scientific publications exploring elements in greater detail.
There is also a requirement to better understand who the primary users of
the HIF are and if necessary adjust formatting to match the audiences.
Some consideration needs to go into maintenance of the HIF. The HIF is
designed as a working document to be continually reviewed as our
experience of impact modelling grows and new challenges are identified.
There is a requirement to form a working group to oversee the HIF
periodically.
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Figure 1: Workflow for HIM development.
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Task 1. Format of contact datasets in Hazard Impact
Models
The aim of this task was to illustrate the ramifications of design decisions made in the
implementation of a HIM. More specifically, it highlighted the effects on impact modelling
outcomes and model efficiency that selecting one of three forms of contact receptor (a HIF
concept) would lead to.
Participants were split into three groups and asked to manually assess the impact on four
categories of receptors for a series of hazard scenarios. Each group was provided with a
series of hazard footprint polygons on acetate sheets, and a map of receptors (potentially
impacted homes / businesses / infrastructure sites / transport networks). Each group’s
receptor data were presented in a different format, as demonstrated in Figure 2. Based on
common sources, the three receptor maps (one detailed and two abstracted to different
degrees) represented different levels of trade-off between processing speed and precision of
outputs.
The groups were asked to evaluate the impacts for each hazard scenario using methods
specific to each receptor data format (Figure 3). Results were summarised using a colourcode “verdict” for each of five large areas, enabling straightforward comparisons to be made
between outputs.
The task illustrated the underlying mechanics of a HIM, giving groups an appreciation of the
technical processes required to model hazard/receptor interactions. The task also
highlighted the importance of understanding contact datasets as a concept. Contact datasets
are used in HIMs to model Hazard / Receptor interactions. Their format is influenced by user
requirements, hazard/receptor interactions parameters and technical restrictions in data and
software.
The task demonstrated that different contact datasets can generate different levels of
impact. Therefore: a) close attention must be paid to design decisions when making science
operational as a HIM and, b) understanding the contact datasets used is critical for informed
interpretation of HIM outputs.

Figure 2. Different formats of receptor data derived from the same raw data.
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Figure 3. Task 1 – Group 1 instructions.

Task 2: Use of the Hazard Impact Framework for
Hazard Impact Model decision-making
The main aim of this task was to evaluate the usefulness of the HIF for planning HIM
development. A secondary aim was to provide a structure for NHP scientists developing new
HIMs to think about them in relation to HIF concepts.
Task 2 required groups to use the HIF to structure a decision-making process for HIM
development. Presentations from the Met Office and British Geological Survey provided user
and hazard context on landslides and snow and ice. These hazards are a current focus of
the HIM group; both hazards are currently in the scoping/modelling phase of the HIM
workflow. Based on the contextual information, groups worked through a table, using the HIF
to make decisions on potential receptors to be included, descriptions and models of their
interactions with the hazard, and decisions on the format of the HIM and representation of
impact and risk (Annex I). The anticipated structured HIM decisions were not fully completed
in the allocated time. However, the groups’ discussions revealed a number of valuable
insights for the HIF and for further HIM development. These insights are highlighted below:
1. The Importance of HIM user requirements. There needs to be a greater focus on
understanding the detailed requirements of HIM users. The HIF currently states that
understanding broad user requirements is a key component of the initial scoping
phase. This is based on an assumption that end users may not be clear themselves
on the specifics of their requirements from a HIM. However, there was general
agreement with the HIF that user requirements should be discussed in detail as
the first step of the scoping phase and used as the underlying criteria that the
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HIM should satisfy. These requirements should then inform each step of the HIM
development process and ensure that operational HIMs are fit for purpose and
optimised for end users. There is uncertainty surrounding who the HIM users are
(forecasters, responders, scientists, policy makers etc.). The HIM group agreed that
the responder community should ultimately drive HIM requirements, assisted by the
other stakeholders listed. This would require a greater understanding of:
a. Who has to react to a hazard (local council, emergency services etc.),
b. What their reactions are (actions/warnings etc.), and
c. When the responder community needs to react (e.g. when temperature drops
below a threshold, or when a given level of rainfall is forecast).
d. It was also acknowledged that for these organisations, reactions and
thresholds may be temporally dynamic throughout the year, and spatially
dynamic between different resilience groups and authorities.
2. Secondary impacts. Discussion of potential impacts highlighted gaps in NHP
modelling of secondary impacts. These can be described as indirect or delayed
impacts (e.g. schools closure due to access roads being closed rather than the site
itself being flooded, or associated economic costs arising from road/business
closure). Current NHP experience has built HIMs for emergency response with the
focus typically on immediate, direct impacts. Long and short-term economic impacts
were highlighted as being of interest for future HIM development. Modelling
secondary impacts remains a challenge and may require a format of HIM modelling
that is more capable of considering longer time scales and wider spatial extents.
Development of this discussion revealed the underlying importance of the
transport network as a means to model indirect impacts.

Workshop outcomes and recommendations








The HIF is considered by the HIM group to be a useful and comprehensive
document. The HIM group see the HIF as a central and consistent reference for
future HIM development. The HIF is clearly written, well-structured and based on
sound principles. The logical and flexible approach of the HIF may also lend itself to
other hazards such as industrial accidents, medical incidents, or large event
management.
Suggestions and comments from the workshop will be used to refine the HIF for the
first edition being published at the end of January. Some of the issues raised require
further research and discussion so cannot be fully and explicitly addressed at this
stage. These will be highlighted as actions for future editions. This includes
assessment of uncertainty/probability, recommendations for collection of observed
impact and loss information, and detail on HIM evaluation methods.
Defining impact is a core concern for the NHP. There may be a role for the NHP in
presenting an internationally recognised definition based on impact science research.
Initial progress can be made via workshop activities in future HIM group meetings.
Surface Water Flooding and Vehicle Overturning HIM experience will be written into
the HIF to demonstrate more of the concepts. An associated table detailing HIM
decisions will also be distributed with the HIF document as a log of current HIM
specifications.
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A range of audiences are likely to be interested in the HIF. At this stage, the main
document will not be reformatted to suit other audiences. Instead, a series of
summaries will be created. These include:
o An Executive Summary to introduce the HIF document.
o A 2 to 4 sided flyer highlighting key points and referencing the main
document.
o An update to the HIF page of the NHP website with links containing
associated material.
o A peer-reviewed paper as part of the Scottish Government funding
requirements. Initial thoughts from the HIM group suggest that detailing the
core concepts from Article 2 and the HIM workflow diagram would form the
core of this paper, using case studies of Surface Water Flooding and Vehicle
Overturning to demonstrate how the HIF addresses the challenges of different
types of hazard.
The HIF represents a critical core of information for building HIMs. However, key
technical details specific to a given type of hazard, receptor or impact are not
currently included. To do so in the main HIF document may restrict its use and
increase its already large volume. Instead, future editions of the HIF may include
supplementary documents written by experts, that include technical details of
relevance, e.g. for geological hazards, or socio-economic impacts.
Longer-term maintenance of the HIF has not previously been considered in detail.
This may require a working group to be set up. Further discussion at HIM group
meetings is required.
With some adjustment, the Task 2 tables were considered to be a potentially useful
resource for capturing HIM decisions. These tables in combination with other tools,
short guides and summary sheets could form an information pack for practical HIM
development.
Based on Task 2 discussions, there would be benefits in the HIM group developing a
national dataset that describes the potential impact caused by transport route
disruption as a secondary impact. This is to be discussed at a later date and depends
on the availability of funding.
Secondary impacts are of consequence to decision-makers and could be addressed
in more detail through the use of secondary Impact Models. These would use
information on direct impacts as an input and could potentially be developed
independent of the hazard. Further discussion and interaction in HIM group meetings
would be beneficial to develop strategies to incorporate this in the HIF.
The HIF has potential use for non-forecasting purposes. Application for purposes
such as hazard risk assessment should be explored.

Next steps
The workshop revealed a number of issues of importance to the NHP, but outside the
immediate scope of the HIF (e.g. the importance of arranging responder workshops).
Consequently, these next steps consider the most immediate actions of relevance to the
HIF.


Feedback from the workshop and from Scottish Government will be reviewed. From
this review, a list of agreed amendments will be actioned to complete the first edition
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of the HIF. This will include an Executive Summary, 2-page flyer and practical
information pack. Supplementary documents describing the implementation of the
HIF for individual HIMs are not currently considered to be critical and therefore will be
developed at a later stage. The first edition of the HIF will be distributed to the
Scottish Government and NHP HIM group and Steering group by the end of January
2017.
A peer-reviewed paper will be published from the HIF document. The first draft of this
will be distributed to the HIM group by the end of February.
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Appendix I HIF Workshop Task 2 documents

HIF Workshop 7th December 2016
Main task overview
In groups, you will use the Hazard Impact Framework (HIF) to assist in
the development of either a Landslides Hazard impact Model (HIM) or a
Snow and Ice HIM. Based on Figure 3.1 in the HIF, you will work
through the modelling phase. To ensure that groups have a common
platform of understanding, the hazard model components will be
presented at the outset of the task.
Primary aim: Evaluate how useful the HIF is for planning HIM
development.
Secondary aim: Provide an initial structured plan for Landslides and
Snow and Ice HIMs.

Questions to consider during the task
1. Was the HIF useful? How?
2. Have you had to think about HIM features that are not included in
the HIF?
3. Are there any places where the HIF guidance is too vague or too
specific?
4. What additions or refinements would improve the HIF or how it is
used?

Task instructions
1.

2.
3.

4.

Select the HIM you are most interested (Landslides or Snow and
Ice).
Hazard presentations from Becky/Katy/Tom.
Plan the HIM modelling phase based on HIF guidance and
information given from the hazard presentations. The
accompanying sheet provides instructions for filling in the activity
sheet.
Feedback and discussion.
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HIM Feasibility
Review available receptor data (Section 5.1.2)
Selected receptors
Attributes for defining
Required format of data
(Table 5.6)
vulnerability
(Section 4.1, Table 4.1
(Section 5.1.2, Table 5.3) (data))
List receptors to be
For each receptor, what
For each receptor, what
included in the model (i.e. characteristics would be
data format and
those that may be affected useful for inclusion?
specifications are most
by the hazard)
appropriate?
Formalise hazard/receptor relationship (Section 5.1.3)
Impact types
How are
How could this be Severity levels
(Table 5.4)
receptors affected measured?
(Table 5.4)
by the hazard?
For each receptor
Describe the
How can each
What levels of
listed above, how
impacts that the
relationship
impact severity
are they impacted
hazard may have
described be
should be used?
(3 ds)
on the receptor
assessed?
How are these
defined?
Risk modelling (Table 5.5)
How is probability Provide details on how probability might be incorporated into
measured?
the model?
Approach to risk
Provide details on how risk might be calculated?
Proof of concept (Section 5.3)
Contact hazard
How is the hazard to be formatted in the HIM to model the
dataset details
hazard/receptor relationship described above?
(Section 5.3.2,
Section 5.3.3)
Contact receptor
How are receptors to be formatted in the HIM to model the
dataset details
hazard/receptor relationship described above?
(Section 5.3.2,
Section 5.3.3)
Spatial Resolution
What is the suggested spatial resolution of the HIM?
Temporal
What is the suggested temporal resolution of the HIM?
Resolution
Required model
What information does the HIM need to produce in order for
outputs
the end-user to derive the required results? What are the
priorities?
Provide details of
any trade-offs that
may arise in this
process (Section
4.3)
What evaluation
How can the model be evaluated?
steps need to be
considered?
(Article 7)
NB. Groups were provided with blank copies of this sheet.
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