OFFICIAL

Harpur Hill, Buxton
Derbyshire, SK17 9JN
T: +44 (0)1298 218000
F: +44 (0)1298 218986
W: www.hsl.gov.uk

Surface Water Flooding Hazard Impact Model
Impact Library refinement and testing: Phase 2 Report
MSU/2016/20
Report Approved for Issue By:
Date of Issue:
Lead Author:
Contributing Author(s):
Technical Reviewer(s):
Editorial Reviewer:
HSL Project Number:

Charles Oakley
20th June 2016
Oliver Gunawan
Tim Aldridge
Helen Balmforth
Charles Oakley
PE06360

External Report
Production of this report and the work it describes were undertaken under a contract with the
Flood Forecasting Centre. Its contents, including any opinions and/or conclusion expressed or
recommendations made, do not necessarily reflect policy or views of the Health and Safety
Executive.
© Crown copyright (2016)

OFFICIAL

DISTRIBUTION
Graeme Boyce
Adam Baylis
Keith Fenwick
Andy Lane
Steve Cole
Bob Moore

Flood Forecasting Centre (Customer Project Officer)
Environment Agency
Flood Forecasting Centre
Flood Forecasting Centre
Centre for Ecology and Hydrology
Centre for Ecology and Hydrology

ACCESS CONTROL MARKING:
This report and the work it describes were undertaken by the Health and Safety Laboratory
under contract to the Flood Forecasting Centre. Its contents, including any opinions and/or
conclusion expressed or recommendations made, do not necessarily reflect policy or views of
the Health and Safety Executive.

Report Approved for Issue by:
Date of issue:
Lead Author:
Contributing Author(s):
HSL Project Manager:
Technical Reviewer(s):
Editorial Reviewer:
HSL Project Number:
© Crown copyright (year)

Charles Oakley
Date Issued
Oliver Gunawan
Tim Aldridge
Deborah Keeley
Helen Balmforth
Charles Oakley
PE06360

OFFICIAL

ACKNOWLEDGEMENTS
This document reports the outcomes of one component of a project that is built on collaboration
within a wider multidisciplinary team that has come together through the Natural Hazards
Partnership. The authors would like to thank the Flood Forecasting Centre, the Environment
Agency, the Centre for Ecology and Hydrology, Kings College London, JBA Consulting, and
the UK Met Office for their inputs to the work.

iii

OFFICIAL

EXECUTIVE SUMMARY
The Flood Forecasting Centre (FFC) uses a risk-based forecasting approach requiring an
understanding of the impacts of natural hazard events. HSL, Health and Safety Executive’s
Laboratory were approached by the FFC to develop a Surface Water Flooding (SWF) Hazard
Impact Model (HIM) focussed on improving early warning systems for flood impact
assessment. Creation of a proof-of-concept model in Phase I of the SWF HIM development
work highlighted a number of areas for refinement including application of more sophisticated
methodologies and updated datasets. This report details the refinements completed in the Phase
II development and assesses the sensitivity of the SWF HIM to better understand how the
impacts are modelled, and evaluates the suitability of parameters and thresholds used in the
proof-of-concept.
Objectives
The aims of this report were:
- To detail refinements to flood modelling of properties, populations and transport
networks using up-to-date datasets and methods that are more specific to patterns of
SWF.
- To assess the sensitivity of the SWF HIM at key points throughout the model:
1. Classification of impact type,
2. Summary of impact types into impact criteria,
3. Aggregation of impact criteria into county-level summaries.
- To identify patterns in impact criteria and severity across England at 1 km2 grid-level
and at county and unitary authority boundary level.
- To evaluate the suitability of current impact severity threshold values and to provide
recommendations for refinement.
- To identify sensitivities in the methods for determining risk at the county level,
particularly for hotspot areas within small counties.
- To evaluate the influence that each impact criterion (Population, Property, Key Sites
and Infrastructure, and Transport) have over the final summarised HIM outputs.
Main Findings
Property impacts are the most numerous, the most stable and the most influential for subsequent
processing steps within the HIM. Less numerous impact types such as key sites and
infrastructure are more sensitive to changing impact thresholds and less influential in
subsequent classifications. Transport impacts are relatively small, but they occupy an alternative
spatial distribution and therefore exert a large influence between urban centres. Further case
study analysis will help to provide evidence for decision-making on areas that may benefit from
refinement. When thresholds are changed, property and day population layers are the most
resistant to change, while rail, infrastructure and roads layers were most sensitive.
For some impact types, low severity cell scores are based on small threshold values, which
mean that they become very sensitive to change because small absolute changes are relationally
larger. This is a heightened issue for non-residential properties (where the Minor impact
threshold is set at 1 property), because the category represents the largest count of impacted
cells.
The sensitivity of the method for evaluating impact at the county level has identified the
existence of hotspot cells that are classified as Severe for the lowest return period (1 in 30
years), and as a consequence are sensitive to the forecast input. Many of these cells are located
in Central London and are likely to be relevant priority sites for emergency response. Hotspot
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cells are also found to be influential for a subset of the smaller counties (Figure ES1), where a
single 1 km2 hotspot cell being impacted will result in the entire county being assigned an
impact level of Severe. Current evidence points to trends between rural and urban areas, but is
not sufficient to support amendment of thresholds to mitigate the influence of hotspots; further
case studies are required to investigate this further. End-users need to understand why such
hotspots exist and their potential impact on results and summaries.

Figure ES1. FGS counties that are automatically classified as Severe in the current SWF HIM if
a single Severe 1 km2 cell is impacted in that county.
Property and transport were found to be the most influential impact criteria. This is encouraging
as they often occupy different geographies: property impacts typically dominate urban areas,
while transport layers are located between these centres. Population layers had a relatively low
influence, particularly in relation to Property criteria which occupy the same geographical areas.
This has raised questions as to whether this is an accurate reflection of impact criteria
prioritisation, or whether thresholds need to be refined to reduce Property impact dominance, or
vi
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increase Population impact influence. Infrastructure and key sites are the least influential as
there are fewer infrastructure and key site locations compared to the other criteria. Any
suggestions for refinement will need to be considered against the evidence collected in the Work
Package 4 case studies, and the priorities of the FFC as end-users.
Recommendations
The findings of this report suggest that there is no pressing requirement to change the current
impact severity threshold values that are based on existing FFC tools and discussion with
stakeholders. However, it has highlighted some particular sensitivities that need to borne in
mind by end-users regarding the influence of criteria and summarising at the county level. The
analysis in this report points towards a requirement for further validation of the SWF HIM
processes and outputs, particularly at county level for impact and risk measurements. This will
assist in ensuring that the SWF HIM is a relevant and robust model and allow calibration
against real-world events.

vii
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1

INTRODUCTION

The Flood Forecasting Centre (FFC) has a responsibility for providing hydro-meteorological
advice to support Category 1 and 2 emergency responders, the Environment Agency (EA) flood
warnings and the Met Office severe weather warning service. The advice given is used by the
responders to make decisions on emergency planning. It is provided by the FFC primarily via
the Flood Guidance Statement (FGS) and through the Met Office’s Hazard Manager service.
The FGS is a daily risk assessment for flooding for 109 county and unitary authority areas
across England and Wales, and is produced daily on a routine basis and more often if required.
It provides an assessment of the flood risk over 5 days, identifying developing situations and
considering potential threats to people, property and infrastructure.
The FFC use a risk-based forecasting approach requiring an understanding of the impacts of
events. For the Phase 1 work of this project, HSL, the Health and Safety Executive’s laboratory,
were approached by the FFC to investigate the potential for improving flood impact assessment.
This included assessment of different types of impacts with a specific focus on a Surface Water
Flooding (SWF) hazard. In partnership with the Centre for Ecology & Hydrology (CEH) and
the FFC, HSL developed a proof-of-concept SWF Hazard Impact Model (HIM) as part of the
HIM development programme for the Natural Hazards Partnership (NHP) (Aldridge and Gorce,
2014). The NHP is a group of organisations that has been set up to provide information,
research and analysis on natural hazards for civil contingencies, government and responders.
The NHP facilitates collaborative work across disciplines including the development of HIMs.
HSL’s work on this project was funded by the FFC.
This report details the refinement and sensitivity testing of the Phase 2 SWF HIM Impact
Library from the Phase 1 proof-of-concept. The process of creating the proof-of-concept Impact
Library identified a number of refinements that could be made in further phases of the HIM
project. In particular, improved methods to measure impacted properties, populations and road
networks were identified and have been implemented. The basic structure of the Impact Library
has not changed (Aldridge and Gorce, 2014), although an updated National Receptors Dataset
(NRD) (created in 2014) and more recent version of the National Population Database (NPD)
have been used as inputs.
There is a requirement to test the sensitivity of the SWF HIM in its identification and
classification of impacts across a flood event. Sensitivity testing has been conducted on the
process of creating 1 km2 gridded impact layers from ensemble rainfall data, the impact severity
classification of these layers and the aggregation of probabilistic impact results into
county-level impact and risk scores. This has provided a useful statistical overview of the
Impact Library and has assisted in identifying critical elements in the HIM and has provided
evidence for the refinement of variables.
Chapter 2 provides information on refinement of algorithms used to model the Impact Library.
This includes details on improvements made to methodologies for assessing impacts on
property, populations and roads. Chapter 3 presents the results of sensitivity analysis conducted
on the Impact Library layers to better understand the distributions of data and evaluate the
suitability of currently applied thresholds. The report concludes with a summary of findings and
recommendations for future developments in Chapter 4.

1
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2

REFINEMENT OF THE IMPACT LIBRARY

The following section discusses updates to the Impact Library based on evaluation of the
proof-of-concept study. The methods applied for measuring the impact of flooding on different
receptors follows those detailed in the Phase 1 report (Aldridge and Gorce, 2014). The impact
criteria and inputs are unchanged. Refinements to property, population and transport modelling
are detailed below. The impact modelling of the infrastructure and key sites criterion has not
changed.
2.1
FLOODED PROPERTIES
For the proof of concept, properties were considered to be flooded if they were within a flooded
area of depth of 0.3 m or greater. This depth represents the average height of a property
threshold and is appropriate for fluvial and coastal flooding where there is generally a defined
source of flooding (Figure 2.1, A) (EA, 2013). However, for SWF the source of flooding is less
certain and water may pool in smaller areas around a property without necessarily entering it
(Figure 2.1, B).

Figure 2.1. Typical GIS Representations of different flood types:
(A) Fluvial flooding, (B) SWF (EA, 2013)
To improve the modelling of properties impacted by SWF (Figure 2.1, B), the EA have
developed a method for use with the updated Flood Map for Surface Water (uFMfSW) dataset,
for assessing whether a property is flooded. This is then used in property counts for flood risk
assessment. (EA, 2013; Horrit, 2013) The method is based on the inundation of flood water at
a 2 m perimeter around a property. A property is considered to be flooded if over 50% of the
surrounding 2 m perimeter exceeds 0.2 m of flood water (the blue line in Figure 2.2) (EA,
2013). A version of the NRD property point dataset, which is the basis of the Impact Library,
has been pre-attributed with this flood information for different depth thresholds, and for the
maximum depth for each of the return periods in the uFMfSW dataset
(1 in 30, 1 in100 and 1 in 1000 years). This enables counts of potentially flooded properties to
be produced through filtering of the uFMfSW-attributed NRD dataset. The counting method
has been developed for large scale analysis of flooded property counts so will be sensitive at
local scales, but is well suited to the regional scale evaluation of property flood risk that is the
aim of the SWF HIM. For the Impact Library, the uFMfSW-attributed NRD has been used to
assess counts of properties at risk from flooding, summarised for all 1 km2 tiles in England, for
each uFMfSW return period.

2
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Figure 2.2. Variable parameters used in flooded property counting method
(from EA, 2013)
2.2
FLOODED POPULATIONS IN PROPERTIES
In the proof-of-concept, impacted population counts were calculated using flood hazard rating
threshold exceedance on NPD points representing population, which are generally represented
within buildings. This produced a count of people with potential danger to life which was used
to assess the level of impact (Minimal to Severe). The flood hazard rating is a function of the
depth and velocity of flood water, and a debris factor which is related to flood depth (Equation
2.1). Following the Flood Risk to People Methodology (Defra, 2005), the flood hazard rating
can be classified based on increasing levels of hazard to people. For the Impact Library,
thresholds were set to 0.75 (Moderate hazard - Dangerous for some (i.e. children)) for more
vulnerable populations, and 1.25 (Significant hazard – Dangerous for most people) for all
populations. These thresholds were used in the proof-of-concept SWF HIM described in the
Phase 1 report (Aldridge and Gorce, 2014).
Equation 2.1.

Hazard rating = Depth x (Velocity + 0.5) + Debris Factor

where Debris Factor is a depth-related coefficient related to the amount of debris in the water
that may increase the hazard intensity.
The effectiveness of the point-in-polygon approach is limited by the representation of people
within buildings, and the uFMfSW method of modelling flood inundation, for which a realistic
depiction of inundation within buildings isn’t an objective. This is the same issue to that
described in Section 2.1 for counting properties at risk, but there is no equivalent method for
counting based on hazard rating, nor a version of the NRD with hazard rating information
attributed.
To resolve this, appropriate depth thresholds were selected as indicators of the hazard rating
based on the relationship between depth and hazard rating shown in Equation 2.1. A constant
velocity of 0.25 ms-1 was selected based on analysis and agreement with JBA Consulting.
Based on the results of Equation 2.1, this corresponds to depths for the two required thresholds
of hazard rating. For assignment of Moderate hazard, the derived depth threshold is 0.2 m.
Depths above this value provide a hazard rating classification of Moderate or higher for all
3
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velocities up to 0.5 ms-1. For Significant hazard, the derived depth threshold is 0.3 m. There is
more variation of hazard rating classification by velocity at this depth: at 0 ms-1 the hazard rating
for depths above 0.3 m is Moderate or higher, whereas at 0.33 ms-1 and all velocities up to
4.5 ms-1 the hazard rating for depths above 0.3 m is classified as Significant or higher. A
velocity of 0.25 ms-1 is a pragmatic choice that falls within this range and aligns with the
selection for the Moderate hazard. Further, these depths coincide with depth categories
recorded in the uFMfSW-attributed NRD dataset allowing for straightforward integration and
processing. For the impact library, these depth thresholds were applied to produce counts of
danger to life for each 1 km2 tile, for the three return periods.
2.3
FLOODED TRANSPORT NETWORKS
The proof-of-concept Impact Library considered sections of road network to be flooded if
intersected by inundation of depth 0.15 m or greater. This was applied using Ordnance Survey
(OS) Integrated Transport Network (ITN) data; the node-to-node distance (distance between
junctions) was calculated and aggregated for each 1 km2 cell. This approach has limitations
because the topological component of the network data was not utilised, meaning that roads that
passed over other roads were modelled as flat junctions. Further, the 2D representation of roads
meant that it wasn’t possible in the proof-of-concept to identify:
-

Where roads (flyovers) that pass over other flooded roads were unlikely to be flooded;
Where SWF inundation flows follow existing drainage underneath roads; and,
Where roads (often large trunk roads) pass high over rivers and streams (which typically
show some inundation in the uFMfSW) with little risk of flooding on the road itself
(see Figure 2.3).

To address these issues, the OS ITN data was used to develop a 3D road network with full
topological capabilities. Routing of flood water underneath roads was identified based on the
EA Detailed River Network dataset, and by spatial data detailing locations where the underlying
Digital Terrain Model had been edited to account for drainage, as part of a pre-processing task
in the production of the uFMfSW dataset. This allowed distinction of un-impacted flyover
sections that were previously flagged as flooded.

4
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Figure 2.3 Illustrating the representation of flooding below the A4174, Bristol. The 2D
representation of roads indicates flooding on the road, however the river and water flow is
several metres below at the foot of the valley. © Crown Copyright and Database rights 2016,
Ordnance Survey 1000021025.
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3

SENSITIVITY ANALYSIS

3.1
INTRODUCTION
The impact modelling component of the SWF HIM takes outputs of the forecast hazard
component (based on Grid-to-Grid (G2G) developed by CEH) and processes them with the
impact library to provide data for forecast risk evaluation. Sensitivity analysis was conducted to
better understand where key uncertainties lie in the impact component and to test the suitability
of current thresholds in the classification of impact severity and risk. The work aims to provide
thresholds boundaries and recommendations for adjustment where appropriate. In addition, the
analysis also evaluates the current performance of each impact criterion and their components to
consider individual layer influence on the final impact library database. The work has been
undertaken as part of Work Package 3 of the project. The case study evaluation in Work
Package 4 will help to test recommended adjustments in context with evidence from forecasts.
The uncertainties tested in this report occur where assumptions based on expert judgment have
been made rather than use of definitive evidence from the science or calibration experiments.
The sensitivity analysis focuses on the two areas of the impact model development where these
assumptions are expected to have the greatest impact:
1. The Multi-Criteria Analysis (MCA) process, focusing on thresholds used to define impact
severity levels to create the Impact Library.
2. The summary processes, specifically the approach used for the spatial (1 km2 to county-level)
summary.
3.2
APPROACH
The sensitivity testing is based on key questions related to these two areas. These questions are
listed in Figure 3.1.

G2G ensemble forecasting
data
Impact Library
Themed impact criteria
(1km grid-level)
Aggregated from individual
impact layers created from the
raw impact data

Overall impact
(grid-level/county-level)
Overall risk score
(county-level)

1. What is the distribution of impact severities for
each impact type?
2. How many 1 km2 grid cells are classified as
severe for all return periods?
3. How does each individual layer influence
the overall maximum severity layer?
4. What is the severity distribution of the impact
criteria layers and how do they influence the
maximum layer?
5. How sensitive is the threshold in the county-level
summary?

Figure 3.1 Sensitivity analysis research questions

6
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To evaluate these questions, Impact Library data and processed output from G2G surface water
flooding forecasts have been processed and analysed through the SWF HIM workflow
illustrated in Figure 3.1.
The Impact Library impact criteria data, along with the two key datasets used in its development
will be used throughout the sensitivity analysis, along with the impact and risk outputs of the
SWF HIM workflow. These four datasets are the backbone of the SWF HIM impacts
component, and will be the main focus of the sensitivity analysis. The datasets are described
below:
1) Raw impact data layers (1 km2 grid-level)
Results of the flood-receptor impact analysis as described in Chapter 2, aggregated by
1 km2 tile for the nine impact types used to create the impact library. The results are
expressed as counts of receptors or distances affected. Data is produced for each of the
three uFMfSW return periods (1 in 30, 1 in 100, 1 in 1000 years).
2) Individual impact layers (1 km2 grid-level)
Raw impact layers are classified into levels of impact severity (Minimal, Minor,
Significant, Severe), for the nine impact types. The layers are classified using
thresholds proposed in the Phase 1 report (Aldridge and Gorce, 2014) and restated in
Table 3.1, for each of the three uFMfSW return periods
.
3) Themed impact criteria layers (1 km2 grid level)
Aggregation of individual impact type layers into four themed impact criteria for each
of the three uFMfSW return periods. This is the main element of the impact component
in the SWF HIM.
4) Overall impact and risk evaluation output (1 km2 grid-level/county-level)
Allocation of overall impact severity and risk to reporting area (county) from 1 km2
grid-level data processed against G2G hazard component outputs. This is one of the
main outputs of SWF HIM.
3.3
METHOD
Assessment of sensitivity has been undertaken through adjustment of threshold values and
evaluation of individual impact layers and impact criteria layers in isolation and in combination.
Consideration is then made of the potential consequences for subsequent stages of the SWF
HIM workflow, and final risk outputs. The results are used to make recommendations for
refinement and evaluation in the Work Package 4 case study analyses, and to inform operational
use and future development. The geographical domain of the SWF impact library data and this
analysis is England.
Table 3.1 lists the four impact criteria layers, the nine individual raw impact layers used to
create them, and the impact severity thresholds used in the MCA to assign levels of impact
severity. The severity thresholds are implemented using a ‘greater than’ approach in the Impact
Library. As a consequence, 1 km2 cells with an impact value of 0 are excluded from the Impact
Library. This includes inundated cells that do not contain any receptors of interest to the FFC
that may be impacted. These cells are not included in the impacted cell counts in this analysis.
The thresholds in Table 3.1 must be exceeded for a cell to be attributed to a given impact
severity. For example, a flooded cell containing a single non-residential property would be
classified as Minimal, a flooded cell containing 2 infrastructure assets would be classified as
Minor, and a flooded cell with a day time population of 301 would be classified as Severe.
7
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Table 3.1 SWF HIM Impact Library components and 1 km2 cell impact
severity thresholds.
1 km2 Impact Level (greater than)
Impact Criterion

Minimal

Minor

Significant

Severe

Danger to Life
- Day time population (Count)
- Night time population (Count)

0
0

40
40

200
200

300
300

Damage to Buildings
–
Residential (Count)
–
Non-Residential (Count)

0
0

5
1

30
10

100
30

Disruption of Key sites and Infrastructure
- Key sites (Count)
- Infrastructure (Count)

0

0
1

1
2

2
4

Disruption of Transport
–
Trunk Roads and Motorways (km)
–
Other Major Roads (km)
–
Railways (km)

0
0
0

0.15
0.50
0.30

0.50
1.80
0.95

1.8
-

Sample flooding data was provided by CEH for a SWF event on the 28th June 2012, to be used
as a case study for the county-level impact and risk analysis (Section 3.4.7). The flooding data
provided a 1 km2 cell assessment of the flood hazard as a return period, estimated through an
assessment of the surface runoff. The flooding data was derived from:
a) Simulated flooding based on recorded rain gauge data;
b) Forecast flooding from a probabilistic twelve-member ensemble forecast run at the Met
Office.
Hourly and summary time steps across a 24 hr period were provided each, including a summary
for a 24 hour period.
Analysis was undertaken using processing workflows developed in the statistical software
package R, to simulate the flow of data from the G2G forecasts to the final outputs of risk, and
to test different configurations and thresholds in the model. Results are presented as a series of
questions and answers following those listed in Figure 3.1, and report for the whole dataset
domain (England) unless otherwise stated.
3.4

RESULTS

3.4.1
General overview
The Impact Library is composed of aggregated estimates of SWF impacts at a 1 km2 cell scale.
This section provides a summary of the Impact Library data. The data in Table 3.2 shows that
more cells and higher percentages of cells become impacted as the return period lengthens - for
the 1 in 30 year return period, 27% of the 1 km2 cells in England contain receptors that might be
impacted by surface water flooding. This rises to 33% for the 1 in 100 year return period and to
50% for a 1 in 1000 year return period. For the 1 in 1000 year bracket, there is a step change in
8
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the number and percentage of cells, particularly for the Severe cells which increase by a factor
of 5 from the 1 in 100 year return period.
Table 3.2. Cell counts and percentages by impact severity for England based on the max
severity 1km layer. Cells are 1 km2. Percentages are expressed against the total area of
England estimated as 132,937 km2 (ONS, 2012).
SWF return period

Minimal

Minor

Significant

Severe

Total

1 in 30 years

22,498 (17%)

7,756 (6%)

4,789 (4%)

345 (0.3%) 35388 (27%)

1 in 100 years

22,521 (17%)

12,362 (9%)

7,534 (6%)

972 (0.7%) 43389 (33%)

1 in 1000 years

28,604 (22%) 20,665 (16%) 12,859 (10%) 4,843 (4%) 66971 (50%)

For the 1 in 30 year return period (representing the least severe, but most likely flooding in the
Impact Library), 8 counties are impacted by over 50% to a Minor level or greater. These are:
Reading, Southend-on-Sea, Leicester, Bristol, Slough, Greater London, Luton, and West
Midlands. For a 1 in 1000 year event, this increases to 38 counties, with 11 counties over 90%
impacted. Three counties are modelled to be 100% impacted for the most severe, 1 in 1000 year
return period, these are: Reading, Leicester and Luton. Where this is the case, every cell within
the county can potentially be impacted. Figure 3.2 illustrates this for Leicester.

Figure 3.2. 100 percent of the cells covering Leicester are modelled to be impacted in a 1 in
1000 year flood.
9
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The maps presented in Figure 3.3 show the percentage of 1 km2 cells within each FGS county
that could be impacted to a severity of Minor or greater for each return period. The pattern of
follows an expected trend where smaller, more urbanised counties have the highest density of
impacts, but there are also larger urban areas with similar coverage such as Greater London,
Merseyside, the West Midlands and Greater Manchester.

Figure 3.3. The percentage of cells in each FGS county that could be impacted for each of three
SWF scenarios. Red and Orange shading indicates high percentages. Blue shading indicates
low percentages.
Figures 3.4 to 3.7 illustrate the distribution of impact severities across four areas of England that
are relevant to the impact validation work undertaken in Work Package 4. In all cases, the
distinction of urban centres and major transport networks is clear from the level of impact
arising. The distinction of urban and rural areas is most clear in Figures 3.5, 3.6 and 3.7.
10
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A

B

C

Figure 3.4. The maximum impact severities by 1km cell across Greater London for (A) 1 in 30
year return, (B) 1 in 100 year return, and (C) 1 in 1000 year return. Colour represents impact
severity: Red = Severe, Orange = Significant, Yellow = Minor, Green = Minimal. White cells
indicate no impacts modelled.

11
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A

B

C

Figure 3.5. The maximum impact severities across Humberside for (A) 1 in 30 year return, (B) 1
in 100 year return, and (C) 1 in 1000 year return. Colouring as described in Figure 3.4.
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A

B

C

Figure 3.6. The maximum impact severities across Norfolk for (A) 1 in 30 year return, (B) 1 in
100 year return, and (C) 1 in 1000 year return. Colouring as described in Figure 3.4.
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A

B

C

Figure 3.7. The maximum impact severities across Tyne and Wear for (A) 1 in 30 year return,
(B) 1 in 100 year return, and (C) 1 in 1000 year return. Colouring as described in Figure 3.4.
3.4.2
What is the distribution of impact severities for each impact type?
To determine threshold sensitivity, the original thresholds (Table 3.2) were adjusted by a series
of factors between 0.25 and 3. Figure 3.8 illustrates how the distribution of impact severity
classified cells changes by factor, and indicates how the Impact Library might look if the
thresholds were taken to extremes. The frequency distributions presented express the
percentage of impacted cells by severity, for each return period (column), for the 9 impact
layers.

14

OFFICIAL

Non-res. props.

100%

Res. properties

1 in 30

100%

0.5

1.0

1.5

2.0

2.5

Day pop.
Night pop.
Infrastructure
Key Sites

100%

0%
0.5

1

1.5

2

2.5

3

0.5

1

1.5

2

2.5

0.5

3

1

1.5

2

2.5

3

100%

0%
1

1.5

2

2.5

3

1

1.5

2

2.5

3

1

1.5

2

2.5

3

100%

1

1.5

2

2.5

3

1

1.5

2

2.5

3

1

1.5

2

2.5

3

1

1.5

2

2.5

3

100%

1

1.5

2

2.5

3

1

1.5

2

2.5

3

100%

1

1.5

2

2.5

3

1

1.5

2

2.5

3

100%

1

1.5

2

2.5

3

1

1.5

2

2.5

3

1.5

2

2.5

3

0.5

1

1.5

2

2.5

3

0.5

1

1.5

2

2.5

3

0.5

1

1.5

2

2.5

3

0.5

1

1.5

2

2.5

3

0.5

1

1.5

2

2.5

3

0.5

1

1.5

2

2.5

3

100%

0%
0.5

1

0%
0.5

100%

0%

0.5

100%

0%
0.5

3

0%
0.5

100%

0%

2.5

100%

0%
0.5

2

0%
0.5

100%

0%

1.5

100%

0%
0.5

1

0%
0.5

100%

0%

0.5

100%

0%
0.5

3

0%
0.5

100%

0%

2.5

100%

0%
0.5

2

0%
0.5

100%

0%

1.5

100%

0%
0.5

1

0%

0%

0%

0.5

100%

100%

100%

Trunk roads

100%

3.0

100%

Other roads

1 in 1000

0%

0%

100%

Rail

1 in 100

0%
0.5

1

1.5

2

2.5

3

Figure 3.8. Distribution of cells classified by impact severity. The horizontal axis represents
thresholds factor change. Green = Minimal, Yellow = Minor, Orange = Significant, Red =
Severe. Dashed vertical line indicates original threshold (1).
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The number of cells within each level of impact severity generally decreases as the level of
impact becomes more severe (Table 3.2). The data in Figure 3.8 shows that distributions for the
property, population and transport layers remain consistent for different flood return periods.
The distributions highlight the differences between impact layers: in particular, the proportion
of cells classified as Minor, Significant or Severe in the population layers is far smaller than that
for property and very few high severity impacts are modelled for population. Conversely, the
proportion of higher severity cells classified in the trunk roads layer are among the highest in all
the impact layers. This demonstrates that when trunk roads are impacted, higher severities are
generated. Across all impact types, as factors increase (left to right), the proportion of Severe
and Significant cells reduces.
The step in percentage change present in the infrastructure, key sites and non-residential
property impact layers arise from initially low count-based thresholds, such that factors of 0.5 –
1.25 might round to the same value For example a threshold of 1 (such as that used for Minor
non-residential impacts) will remain as 1 for all factors between 0.5 and 1.49, but will jump to 2
(and a higher level of severity) for a factor of 1.5. This highlights the particular sensitivity of
low threshold values where small changes may make a larger difference. Larger threshold
values and those for distances are less sensitive.
These histograms present percentage values and interpretation should take this into account. For
example, the relatively high percentage of severe cells in the key sites layer belies the fact that
they have relatively few impacted cells: 270 impacted cells compared to 14,202 for nonresidential. Further, the thresholds are designed such that cells with flooded key sites cannot be
classified as Minimal impact, which emphasised Minor impacts, which use a threshold of 1
impacted key site per 1 km2 cell.
Cells classified as Significant or Severe identify locations that may be of greater concern to the
end-users including the FFC. Therefore, measurement of how these change as thresholds change
may be a useful indicator for impact layer sensitivity. Table 3.3 presents information on the
absolute change in cell counts and percentage change for cells classified as Significant or
Severe, when thresholds are doubled and halved for the three return periods.
When thresholds are doubled, the rail, (other) roads and infrastructure layers are the most
sensitive as they produce consistently large changes in the percentage of cells classified as
Significant or Severe across all three return period scenarios. The property layers also present
large absolute changes, but only at the 1 in 1000 scenario. However, the percentage change,
which considers the size of the dataset, shows them to be among the most stable layers. The
most stable layers are shown to be the trunk roads and day populations are shown to have the
smallest percentage change.
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Table 3.3. Cell counts, absolute change and percentage change of cells classified as Significant
or Severe for each impact layer when thresholds are halved or doubled.
Cell Count

1 in 30

Percentage change
Double
Half
threshold threshold

Original

Half
threshold

1227

6111

11139

-4884

5028

-80%

82%

Nonres. Prop.

239

642

1604

-403

962

-63%

150%

Res. prop.

117

481

1337

-364

856

-76%

178%

Night pop.

15

38

117

-23

79

-61%

208%

Day pop.

36

75

121

-39

46

-52%

61%

Infra.

1

13

52

-12

39

-92%

300%

Key Sites

9

30

270

-21

240

-70%

800%

Roads (Other)

0

84

1364

-84

1280

NA

1524%

848

1682

2430

-834

748

-50%

44%

53

3624

5848

-3571

2224

-99%

61%

Max

Trunk
Rail

Double
threshold

Absolute change
Double
Half
threshold threshold

Cell Count

1 in 100

Absolute change
Double
Half
threshold threshold

Percentage change
Double
Half
threshold threshold

Original

Half
threshold

2601

9784

16922

-7183

7138

-73%

73%

Nonres. Prop.

753

1826

4076

-1073

2250

-59%

123%

Res. prop.

670

1934

4075

-1264

2141

-65%

111%

Night pop.

46

177

552

-131

375

-74%

212%

123

258

429

-135

171

-52%

66%

8

46

193

-38

147

-83%

320%

21

86

674

-65

588

-76%

684%

1

203

2396

-202

2193

-100%

1080%

1261

2397

3275

-1136

878

-47%

37%

128

5016

7764

-4888

2748

-97%

55%

Max

Day pop.
Infra.
Key Sites
Roads (Other)
Trunk
Rail

Double
threshold

Cell Count

1 in 1000

Double
threshold

Original

Half
threshold

Absolute change
Double
Half
threshold threshold

Percentage change
Double
Half
threshold threshold

Max

8832

19329

30079

-10497

10750

-54%

56%

Nonres. Prop.

3636

7265

12949

-3629

5684

-50%

78%

Res. prop.

4679

8158

11863

-3479

3705

-43%

45%

Night pop.

629

1731

3705

-1102

1974

-64%

114%

Day pop.

774

1477

2418

-703

941

-48%

64%

Infra.

100

422

1177

-322

755

-76%

179%

Key Sites

874

1899

3595

-1025

1696

-54%

89%
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788

5960

-768

5172

-97%

656%

2538

4239

5409

-1701

1170

-40%

28%

262

6758

10114

-6496

3356

-96%

50%

Roads (Other)
Trunk
Rail
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When thresholds are halved, the count of Significant and Severe impacted cells increases. The
most sensitive layer to change is the roads (other) layer, which presents a percentage increase
1,524% for 1 in 30. Elsewhere, the night population, infrastructure and key sites present high
percentage changes, although the latter two layers are relatively small in size. The most stable
layers are trunk roads, rail and day populations.
3.4.3

How many 1 km2 grid cells are classified as Severe impact for all
return periods?

Due to the increase in severity of flooding with return period, cells classified as Severe impact
for the 1 in 30 year return period will also be Severe for 1 in 100 and 1 in 1000 year return
periods. This can be used to identify hotspots of impacts that will always be Severe when
flooding is forecast, and subsequently might be of particular interest to end-users. The hotspots
represent locations that have a confluence of intense flooding at smaller return periods and a
high density of receptors that might be impacted by it.
Table 3.4 presents the frequency of hotspot cells (classified as Severe for the 1 in 30 year return
period). The trunk roads and non-residential population layers contain the largest counts of
hotspot cells. Roads (other) and rail layers contain no Severe cells by model design. The Trunk
road Severe impacts are distributed across the entire English road network. They are not
characterised by any particularly complex or dense road network feature (such as a motorway
intersection for example), however they are often the result of an impacted dual carriageway
(represented as two lines) crossing the width of a cell. This is a logical outcome based on a
Severe impact threshold of 1.8 km and a cell size of 1 km2. Where there are trunk hotspots, they
tend to be the result of trunk road impacts alone. In comparison, residential properties,
population, infrastructure and key sites hotspots often overlap with other impact types. These
hotspots tend to be at the locations of impacted hospitals, schools and workplaces. Figure 3.9
presents a map of the hotspot cells over London. The main cluster is located in an area
including the boroughs Fulham, Kensington, Chelsea and Hammersmith.
Table 3.4. Frequency of 1 km2 grid cells classified as Severe in the 1 in 30 year flood scenario.
Maximum total does not equal the sum of the component impact types. This is due to
overlapping coverages.
Impact Type
Maximum (all layers combined)
Trunk Roads
Non-Residential Property
Residential Property
Day Population
Night Population
Key Sites
Infrastructure
Roads (other)
Rail

Count of hotspot cells
417
235
115
54
46
19
9
1
0
0
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Figure 3.9. Red cells indicate hotspots, which will always flag as Severe if impacted by SWF
with a return period higher than 1 in 30 year. London contains the greatest concentration of
hotspots
3.4.4
Influence of hotspots on county summaries
Hotspot cells have potential implications on county-level impact and risk summaries. The
adopted approach for analysis in this section produced county-level summaries based on the
number of 1 km2 cells in each county that are impacted to each impact severity level, expressed
as a percentage of the cells that can be impacted to an impact severity of Minor or greater
(Aldridge and Gorce, 2014). The county was assigned the highest impact severity level where
this percentage exceeds a threshold p. Currently p is set at 1 for all counties, which means that
the county summary was calculated based on the highest level of impact severity that has
coverage of 1% or greater.
For small counties, the number of cells set by p will be small, and for counties where the
number of cells that can be impacted to Minor or greater is less than 100 km2, only 1 cell is
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required. Table 3.5 shows how this works in practice: for County A, 4 cells are required to
assign an impact severity level, for County B a single cell is required.
Table 3.5. Calculation of county thresholds for fictional counties
County size
(km2)
County A
County B
County C

650
110
2200

Area that could be
impacted (Minor to
Severe) (km2)
400
70
1000

Number of 1 km2 cells required
to assign impact severity level
when p=1 (i.e. 1%)
4
1 (rounded up from 0.7)
10

This sensitivity has the most impact for cells classified as Severe. Figure 3.10 maps counties
(shaded red) that are most sensitive to individual 1 in 30 return period Severe cells. In total,
there are 13 counties that would automatically classify as a Severe impact level if a single
Severe cell in that county was identified as flooded with a 1 in 30 year return period. These are:
Slough, Reading, Luton, Torbay, Poole, Brighton and Hove, Kingston upon Hull, Halton,
Nottingham, Derby, Leicester, Blackburn with Darwen and Stoke-on-Trent. Figure 3.11
presents four of these counties in more detail: Poole, Reading, Luton and Slough. In all cases,
the blue coverage indicates the region that could potentially be impacted by SWF (at severity
level Minor or higher), while the red cells indicate the hotspot locations.
In Poole (3.11, A), the hotspot is from the day time population layer, which includes a large
industrial estate and a school. In Reading (3.11, B), the hotspot is defined by the day population
layer and is the result of a number of impacted schools within the cell. In Luton (3.11, C), there
are three hotspots (any one of which could trigger a Severe level of county impact). These arise
from different sources: the first hotspot is derived from the trunk roads layer (disruption of the
M1); the second and third hotspots (adjacent to each other) arise from the non-residential
property layer and the day time and night time populations. These are centred on Luton town
centre and include impacted workplaces, schools, university and other public buildings. In
Slough (3.11, D), the first hotspot arises from the day time population layer and includes a
school. The second hotspot arises from the residential property layer and includes a residential
estate (as well as school buildings within the day time population layer). The final hotspot in
Slough is characterised by residential property and the night time population.
At the opposite extreme, there may be counties that can never be classified as Severe, as the
number of 1 km2 cells that can possibly be classified as Severe is below the threshold set by p.
County C in Table 3.5 could be one such example; if there are fewer than 10 cells that can
potentially be Severe in the 1 in 1000 year return period, it would not be possible for that county
to be scored as Severe for any forecasting scenario. However, with the current configuration
and summary method, there are no counties that fit this description, but if thresholds are
adjusted at any stage it may be worth assessing whether this is still the case.
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Figure 3.10. FGS counties that will automatically classify as Severe in the current SWF HIM if
a single 1 in 30 year Severe cell is impacted in that county. (i.e. where 1 severe cell equates to
1% or more of the number of cells that can be impacted at Minor impact severity or greater).
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A

B

C

D

Figure 3.11. Example FGS counties that will automatically classify as Severe in the current
SWF HIM if a single Severe cell is impacted in that county. The blue coverage indicates
potentially impacted cells at a 1 in 1000 year scenario. The red cells indicate hotspot cells that
would trigger a Severe warning if even one was impacted. (A) Poole, (B) Reading, (C) Luton,
(D) Slough.

3.4.5

How does each individual layer influence the overall maximum impact
severity layer?
The maximum impact severity layer was used to determine the overall severity score at county
level. This analysis looked at the contribution that each individual impact layer has in the MCA
process to create the overall cell-level maximum impact summary. Criteria were assessed
individually and in combination to assess relationships and to evaluate potential dominance of
some impacts layers over others in generation of the maximum impact layer. The approach for
this analysis was to determine:
-

How many cells in the maximum severity layer were classified by a given impact layer,
and;
How many were classified only by that layer?
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Figure 3.12 and Table 3.6 present initial results of the influence analysis for the 1 in 1000 return
period. The 1 in 100 and 1 in 30 year results (not shown) produce similar patterns. The lighter
red bars represent the number of maximum severity cells that were allocated that severity level
from one impact layer only: i.e. The impact layer is the sole contributor to the maximum impact
severity. The dark red bars represent the same information but with the addition of a count of
cells that were also classified to that severity by other layers too.
35000

Total cells classified
Cells classified by an individual impact layer

Count of classified cells

30000
25000
20000
15000
10000
5000
0
Nonres.
Prop.

Res.
Prop.

Roads
(other)

Rail

Trunk Day pop.

Night
pop.

Key sites

Infra.

Figure 3.12. Influence of individual impact layers over the classification of the overall
maximum severity layer. Dark Red = the total number of cells classified by the impact layer in
isolation or in combination with other layers. Red = the number of cells classified purely by the
impact layer in isolation (i.e. that layer alone has the highest impact severity for a given cell)
Table 3.6. Total count of maximum layer cells classified by each impact layer, maximum layer
cells classified only by that impact layer (count and percent)
Impact Type
Nonres. Prop.
Res. Prop.
Roads (other)
Rail
Trunk
Day pop.
Night pop.
Key sites
Infra.

Total cells classified
by impact layer
32027
20067
16669
9713
5890
4373
4361
499
336

Cells classified only by
impact layer
18948
6976
11376
6934
4653
338
1
28
32
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Cells classified only by
impact layer (%)
59.2%
34.8%
68.2%
71.4%
79.0%
7.7%
0.0%
5.6%
9.5%
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Figure 3.13 shows that the property layers are the most influential on the final layer and the
non-residential property layer also contributes towards the most classifications resulting from
more than one impact layer. The transport layers (individually) are the most likely to contribute
to the maximum severity level in isolation. This is to be expected due to the differing spatial
distribution of these impact types: Road and rail are commonly the only receptors within a cell
that can be impacted to a high severity, while population and property are often co-located in
the same areas (as demonstrated in Figure 3.14 below).

Figure 3.13 Demonstration of the differing distributions of impact types. Pink cells indicate
locations where non-residential impacts are dominant, green cells indicate locations where
trunk roads are dominant.
Regarding the scale, the property impacts particularly have the largest geographical spread so
might be expected to contribute the highest counts of cells. Table 3.6 shows that although rail
and trunk have relatively few cells classified, as a percentage of the population they are quite
influential (79.0% of impacted Trunk cells have sole influence over the maximum classification
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layer). This compares to 34.9% of residential, 7.7% day population and less than 10% for key
sites and infrastructure layers.
Figure 3.12 also demonstrates that the night time and day time population layers contribute a
relatively small amount to the overall maximum. This is most likely to be due to the co-location
of population and property, and the relative impact thresholds for each, of which the impact
thresholds for property is (in most cases) more likely to be reached than that for population.
This is particularly the case for residential areas with population densities that don’t deviate too
far from the average. The exceptions to this are likely to be large, localised populations for
example those in large workplaces or sites such as hospitals.
To further assess the relationships between population and property layers, analysis of
dominance has been applied to determine the extent and magnitude to which impact layers
produce higher severity scores than others from the same level of flooding. Relating the impact
criteria to each other allows us to put the severity thresholds into context. If a particular impact
criterion is consistently producing higher severities than another (i.e. displaying dominance over
it), there may be a case for adjusting the impact severity thresholds to allow other impact criteria
to influence results.
Figure 3.14 presents pairwise analysis of the four population and property layers for the 1 in
1000 return period impacts. The bubble plots display the count of 1 km2 cells as classified by
each pair of layers. Levels of impact severity on the x-axis and y-axis are scored 1, 2, 3, and 4
for Minimal, Minor, Significant and Severe impact severity respectively. The bar graphs show
cell counts comparing each pairwise combination detailing where they have higher, lower or the
same severity.
Bubbles above the (bottom-left to top-right) diagonal of the plots represent the count of cells
where the layer on the y-axis has a higher impact severity. Bubbles below the diagonal
represent the cell count where the layer on the x-axis has a higher impact severity. Values on the
diagonal represent cells where the impact severity of both layers is the same.
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Property
(Residential)
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(Nonresidential)

Figure 3.14. Layer dominance for night time and day time populations, and residential and nonresidential properties.
Bubble plots report impact severity cell classification for pairwise combinations of layers. x and
y axes represent impact severity (1=Minimal, 2=Minor, 3=Significant, 4=Severe). Bubble size
represents cell count.
Bar graphs show cell counts comparing each pairwise combination detailing where they have
higher, lower or the same severity. Unclassified cells are not included in the counts or the
comparisons.
When comparing the population layers (‘daypop’ and ‘nightpop’), the bubble plot (2nd row, 1st
column) and bar chart (1st row 2nd column)) indicate that the classification of layers is similar,
with most cells (19,967 – 79%) classified with the same severity. Where the ‘nightpop’ severity
is higher, the bubble plot shows that this is typically (for 3,144 cells) where ‘nightpop’ is
classified as Minor and ‘daypop’ is Minimal.
The pairwise combinations for the population layers compared to the property layers (‘res’ and
‘nonres’) are represented by the four bar charts in the upper right quadrant of Figure 3.14, and
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the four bubble plots in the bottom left quarter. The property layers show a clear dominance in
severity values when compared with population (demonstrated by comparison of the large blue
bars and the small green bars in the bar graphs). Further, the 4 bubble plots have larger bubbles
above the bottom left-top right diagonal; the position of the largest bubbles indicate that the
property layers tend to dominate the population layers by one severity level. The NPD data
used in the impact library generally places night time populations within residential properties,
so is a useful pointer for assessing dominance as the geographical distributions of the pointlevel datasets will be very similar. The bubble plot comparing the two (2 nd column, 3rd row)
shows a general dominance of residential property, particularly when comparing Minor (‘res’)
to Minimal (‘nightpop’) (7,815 cells), and Significant (‘res’) to Minor (‘nightpop’) (4,063 cells).
For the very few cells where ‘nightpop’ dominates ‘res’ (24 in total), these are likely to be
overnight population locations identified as more vulnerable to flooding such as hospitals or
care homes.
Although there is fairly clear evidence of dominance, this is not necessarily a concern as the
results for population and property will be reported as separate impact criterion. It is only when
aggregated that impacts from one layer (or criterion) may be masked by another. In addition, it
is apparent from the analysis of hotspots that the population layers can play a key role in
indicating large groups of people who might be at risk.
Worked Example
When thinking about HIM outputs it is worth putting the above results into context to consider
the kinds of impacts that might be ‘hidden’ from results based on the maximum impact severity
layer. Using residential property and night time population as an example, for a cell to be
classified as Significant it requires either:



30 residential properties to be modelled as flooded, or
200 people with a danger to life.

Using an average household size of 2.3 (ONS, 2013), the 30 residential properties might be
estimated to contain 69 residents. This is a difference of 131 people. What this means is that
for a cell that includes 30 residential properties to be assigned a Significant impact severity
based on night time population or residential property, it requires a further 131 people (or a
count of similar magnitude) to be modelled as having a danger to life. This is feasible if there
are additional overnight populations flooded within the cell (e.g. care homes, hospitals), but we
might consider whether 131 (approx.) is within an acceptable range for this kind of difference.

3.4.6

What is the severity distribution of the impact criteria layers and how
do they influence the maximum layer?
The 4 impact criteria layers were created by selecting the cell-by-cell maximum impact severity
from selected impact layers based on the structure in Table 3.1. The impact criteria layers form
the operational backbone of the SWF impact library. There are four impact criteria layers for
each uFMfSW return period:





Property: composed of residential and non-residential property layers
Population: composed of day time and night time population layers
Infrastructure: composed of key sites and infrastructure layers
Transport: composed of trunk roads, (other) roads and rail layers.
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Figure 3.15 presents the distribution of impact severities for the impact criteria layers expressed
as percentages. Additional columns have been added to determine how sensitive each layer is to
change when original thresholds are doubled and halved (similar to Figure 3.8).
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Figure 3.15. Distributions of impact criteria layers when original thresholds are halved and
doubled. Green = Minimal, Yellow = Minor, Orange = Significant,
Red = Severe.
The transport criterion is the most consistent when comparing original threshold distributions
across return periods. The other criteria show much more variation, with percentages of more
severe impacts increasing more for lower likelihoods. This is potentially explained by the
differences in size of each criterion layer: the property criterion contains the largest number of
impacted cells: 49,270 for the 1 in 1000 scenario, compared to transport (42,064 impacted
cells), population (25,542) and infrastructure (5,853). This proportion increases as return period
increases. The patterns revealed in previous sections are echoed here. The population criterion
has lower proportions of the more severe impacts than property, while infrastructure and
transport have relatively large proportions of Severe and Significant impacts.
To explore relationships between criteria layers in more detail, Figure 3.16 presents pairwise
analysis on the dominance of criteria layers in a similar fashion to Figure 3.14. Property (‘prop’)
is the most dominant criterion, particularly when compared to the population and infrastructure
criterion. Transport shows more parity with property, and is usually dominant when compared
to the other criteria. Infrastructure is the least dominant of the criteria.
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Key Sites and
Infrastructure

Transport

Figure 3.16. Layer dominance for impact criteria (population, property, infrastructure and
transport).
Bubble plots report impact severity cell classification for pairwise combinations of layers. x and
y axes represent impact severity (1=Minimal, 2=Minor, 3=Significant, 4=Severe). Bubble size
represents cell count.
Bar graphs show cell counts comparing each pairwise combination detailing where they have
higher, lower or the same severity. Unclassified cells are not included in the counts or the
comparisons.
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3.4.7
How sensitive is the threshold in the county-level summary?
The value of p in the county summary is used as a threshold to evaluate the number of cells that
are classified at each impact severity. This count is then used to assign a level of impact
severity to the county (based on equation 3.1 in Phase 1 report). The value of p has been
initially set at 1, which assigns to the county the impact severity level that aligns with the 99 th
centile of cells within the county. To assess the sensitivity of the selection of p, alternative
values have been tested to assess the consequences on the final output. This assessment
requires a realistic scenario of flooding and so has been tested via a case study. This has been
implemented for two tasks:
1. Assigning a level of impact severity to a county for the single forecast (Figure 3.17)
2. Assigning a level of risk for an ensemble forecast (Figure 3.18)
The simulated rainfall (rain gauge) data has been used for the first task. For the second, the
ensemble forecast data has been used to see how adjusting p affects the assignment of risk. The
highest level of risk is assigned based on the 12 ensemble members, the flood risk matrix and
the approach outlined in Phase 1. Note that the value of n (where n is the threshold for the count
of cells at an impact severity level, set by p) has a minimum value of 1 (i.e. a single cell).
Lower values of p mean that fewer classified cells are required to exceed thresholds; therefore
associated impact and risk levels will be higher.
Impact
County-level impacts become less severe as p increases. Impacts are concentrated in two areas
(the North East and the Midlands), following the pattern shown in the simulated forecast.
Results also highlight sensitivities around small urbanised counties, with 3 counties in the
Midlands and 1 county in the North West that stand out as Severe when p = 1, and persist as
Severe or Significant as p is increased to 4 (i.e., when four times the area of a county needs to be
impacted to record a county-level impact). This will partly be due to the minimum value set for
n: if the area of the county is less than 75 km2, the value of n will be 1 for all values of p less
than 2. These counties are all identified as being vulnerable to hotspots in the analysis in
Section 3.4.3. Some counties show significant changes in impact severity level with adjustment
of p, for example, Nottinghamshire and Worcestershire are both Severe when p = 0.25, but
Minimal when p = 4.
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p=0.25%

p=0.5%

p=1%

p=2%

p=4%

Simulated Forecast (G2G)

Figure 3.17. Changes in impact severity level by adjustment of p. Impact severity: Green=Very
Low, Yellow=Low, Amber=Medium, Red=High. (Note that the impact library data does not
cover Wales so the results there can be ignored)
Risk
One county (Northumberland) is assigned a High risk (Red) when p=0.25. Higher values of p
highlight a subset of counties as medium risk (orange), but omit a number of counties that were
classified as Low (Yellow). Some counties are assigned the same risk rating for all variations of
p, including Tyne and Wear, which is always classified as Medium risk. Unlike the impact
severity levels, no counties change in their level of risk by more than one level across all
adjustments of p. Instead they are fairly stable in comparison. None of the smaller urbanised
counties that were flagged up as higher impact in Figure 3.17 are highlighted with higher risk
levels.
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p=0.25%

p=0.5%

p=2%

p=4%

p=1%

Figure 3.18. Changes in risk ratings by adjustment of p. Risk: Green=Very Low, Yellow=Low,
Amber=Medium, Red=High. (Note that the impact library data does not cover Wales so the
results there can be ignored)

3.5
DISCUSSION
This report has presented findings of the sensitivity analysis of the SWF HIM Impact Library.
The aim of the analysis was to better understand uncertainties that lie within the library, explore
relationships between impact layers and criteria layers, and identify sensitivities in thresholds
throughout the model. From this, recommendations for further investigation in Work Package 4
and for user acceptance testing of the HIM can be made. Work Package 4 will provide evidence
that will help with these conclusions.
3.5.1
Sensitivity to change
Section 3.4.2 has shown that when impact severity thresholds are increased, property and day
population layers are the most resistant to change, while, rail, infrastructure and road layers
were most sensitive. When thresholds decreased, the property, trunk and key-sites layers were
the most resistant to change, while the roads, night population and infrastructure were most
sensitive.
For some of the impact types, lower impact severity cell scores are based on small threshold
values, which mean that they become very sensitive to change because small absolute changes
become relationally large. This is a heightened issue for non-residential properties (where the
Minor impact threshold is set at 1), because the category represents the largest count of
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impacted cells. Analysis in Section 3.4.2 has also drawn attention to the steps of impact severity
proportion change present (Figure 3.8). These steps indicate how changing thresholds could
dramatically alter classification results, particularly for transport, infrastructure and nonresidential properties.
3.5.2
Hotpots in the data
Section 3.4.3 revealed the existence of hotspots within the library. These are cells that are
classified as Severe for the shortest return period (1 in 30 years) and as a consequence are
sensitive to the forecast input. Many of these are located in Central London and are likely to be
relevant priority sites for emergency response activities. The consequences of hotspots on
county-level summaries have also been considered, particularly with respect to smaller counties.
There are 13 counties identified in Figure 3.10 that could be modelled as having Severe impacts
if a single hotspot cell is identified with SWF of a 1 in 30 year return period. Current evidence
is not sufficient to support amendment of thresholds to mitigate the influence of hotspots;
further case studies are required to investigate this further. It is important that the end-users
understand why such hotspots exist and their potential impact on results and summaries.
3.5.3
Influence
The influence of individual impact layers on the core impact library components has been
reviewed. Sections 3.4.5 and 3.4.6 have provided evidence that shows that some impact layers
and impact criteria have more influence on the maximum impact severities than others.
Property and transport were found to be the most influential criteria. This is promising as they
often occupy different geographies: property impacts are located in urban areas, while transport
layers are located between these centres. Population had a relatively low influence, and there
are questions as to whether this criterion’s influence is hidden, due to the dominance of
property. This is particularly true for night time populations. Infrastructure and key sites are
the least influential overall, because there are fewer infrastructure and key site locations in the
country compared to the other impact criteria. The possibility of threshold amendment should
be considered. Any suggestions for refinement will need to be considered against the evidence
collected in Work Package 4, and the priorities of the FFC as end-users.
3.5.4
County Summaries
The sensitivity of the threshold for summarising the pixel-level outputs to county level was
explored in section 3.4.6 through analysis of a case study event. The influence of hotspots
(Section 3.4.3) was further evidenced in the county impact summaries, with small urbanised
counties showing relatively more Severe impact levels compared to surrounding counties for all
adjustments of the threshold. Summaries of risk showed more stability for variations of the
threshold. However, definitive conclusions are challenging as they are currently based on one
case study; Work Package 4 of this project will help to provide the evidence to test the
effectiveness of the summary process.
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4

SUMMARY

This report has described the modified Phase II SWF HIM Impact Library in detail with regards
to the distribution of classified impact severities and the differences between the three uFMfSW
return periods. Property impacts are the most numerous, the most stable and the most influential
for subsequent processing steps within the HIM. Smaller datasets such as infrastructure and key
sites are more sensitive to changing thresholds and less influential in subsequent classifications.
Transport impacts are relatively small, but they occupy a unique spatial distribution and
therefore exert a large influence on maximum summaries in areas between urban centres.
Further case study analysis will help to provide evidence for decision-making on areas that may
benefit from refinement.
4.1





RECOMMENDATIONS
The evidence in this report suggests that there is no pressing requirement to change the
current thresholds. However, the relatively low influence of the Population impact
criteria in the model is worth reviewing, based on evidence and steer of priorities from
the FFC.
The analysis in this report points towards a requirement for further validation of the
SWF HIM processes and outputs. This will assist in ensuring that the SWF HIM is a
relevant and robust model and allow calibration against real-world events.
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