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EXECUTIVE SUMMARY 

The Flood Forecasting Centre (FFC) require an understanding of the potential impacts of 

Surface Water Flooding (SWF) to inform their risk-based forecasting.  In partnership with the 

Centre for Ecology and Hydrology (CEH), the Environment Agency and the FFC, the Health 

and Safety Executiveôs Laboratory (HSL) have developed a SWF Hazard Impact Model (HIM) 

providing information on flood hazard and impact with the aim of supporting improved early 

warning systems for surface water flood risk assessment.  This document reports validation 

work based on historical post-event data from 11 case studies (2012 ï 2014).  The validation 

exercise takes advantage of flood impact observation data taken from media sources, sourced 

and developed by project partners at Kingôs College London (KCL). The work has been done 

under the banner of the Natural Hazards Partnership (NHP). 

Objectives 

The validation analysis compared the impacts modelled by the SWF HIM against observed 

impacts based on 4 stages of analysis defined by the following questions: 

1. How well were the observed impacts modelled by the SWF HIM? 

2. Does the SWF HIM produce any false alarms? 

3. If an observed impact is undetected based on location, what was the reason?  

4. How do the county summaries compare? 

Matches of modelled and observed impacts were identified based on location, impact criteria, 

and impact severity. 

Flood hazard data was provided by CEHôs Grid-to-Grid (G2G) model, based on rainfall data 

provided by the Met Office.  The principle source of rainfall information was simulated data 

based on recorded rainfall from the rain gauge network.  This was supplemented by rainfall data 

from Met Office radar, and ensemble forecast rainfall data from the Met Office Global and 

regional Ensemble Prediction System (MOGREPS). 

Main Findings 

The results of the analysis are shown to be very sensitive to the quality of the rainfall data.  For 

many of the case studies, the localised patterns of rainfall that caused the flooding were not 

effectively detected by the rain gauge network, which means that the observed levels of 

flooding and subsequent impact were not modelled by the SWF HIM.  Radar rainfall data for 3 

of the case studies was sourced to provide a more comprehensive picture of the conditions. 

Where the rainfall data provided more confidence, the SWF HIM demonstrated promising 

results.  The probability of detecting an observed impact (question 1) peaks at 64% for case 

study 1 (based on 80 detected out of 125 total impacts), with other case studies producing values 

of 54% and 33%. This indicates a reasonable likelihood of detecting impacts.  False alarm rates 

(question 2) were generally high; the lowest was recorded for case study 1 (65%).  The high 

false alarm rates imply that the SWF HIM may overestimate the impacts, however the quality of 

the observed impact data (which is influenced by under-reporting and completeness of 

information) and the difficulty in representing it geographically will also contribute to the 

number of false alarms. 
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Where observed impacts were not identified, it was shown that the location of flooding 

modelled by G2G (based on the rainfall data) was the main factor. The potential for the Impact 

Library to identify impacts equivalent to those observed is high for all case studies, typically 

close to 100% for most impact criteria.  This suggests that the SWF HIM has the potential to 

perform well given optimum flooding information. 

For the county summaries, case study 1 provides a good match for impact severity level, but 

case study 2/3 is the only other one that produces a county level assessment that isnôt Minimal.  

The use of radar data provides an additional match for case study 10 (Greater London) of 

Significant impact.   

Results of the county summaries based on the ensemble forecast data provide more matches to 

FFCôs observations when compared to the most numerous impact severity levels modelled by 

the ensemble.  The county results also highlight the potential for further development of the 

thresholds used for upscaling impacts to the county level, with smaller óhotspotô counties 

highlighted for some events and larger counties demonstrating a tendency for underestimating 

the level of impact. 

Recommendations 

The limitations of the rainfall data prevent strong conclusions and recommendations but 

highlight areas of further investigation.  However the following recommendations can be made: 

1. Testing of the model using alternative, more robust rainfall and flooding information is 

a priority.  Use of radar rainfall data (as demonstrated for case studies 8, 9 and 10) to 

complement the rain gauge information seems a sensible way forward.   

2. The value of the p threshold is a sensitivity that could benefit from further testing based 

on the case studies.  This could be achieved through a calibration exercise based on the 

ensemble forecast information.  

3. Most of the analysis was based on the simulated rainfall data based on rain gauge 

information.  The ensemble forecast information has also been used (and with more 

emphasis once limitations in the rain gauge information were identified) but the results 

could be explored in more detail.  Further analysis of this will help build the evidence 

basis and present options for calibration. 

4. The spatial uncertainty of the rainfall and flooding data was demonstrated in case study 

10 (radar). Methods to account for this in further validation exercises may provide 

benefits and further confidence in results. This would complement the flexibility 

implemented in this analysis for handling the uncertainty of impact severity and impact 

criteria.  Neighbourhood (window-based) analysis could achieve this but would need to 

be developed in partnership with the flood hazard modellers. 
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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 Officeôs Hazard Manager service. 

The FGS is a 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, for 

example during extreme rainfall events.  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 I work of this project, HSL, the Health and Safety Executiveôs laboratory, 

were approached by the FFC to investigate the potential for improving flood impact assessment, 

which included assessment of different criteria of impacts with a specific focus on a Surface 

Water Flooding (SWF) hazard. In partnership with the Centre for Ecology & Hydrology (CEH), 

the EA and the FFC, HSL developed a proof-of-concept SWF Hazard Impact Model (HIM) that 

was presented to the FFC and is documented in a report by Aldridge et al., (2014). 

 

Development of the SWF HIM is being done as part of the HIM development programme for 

the Natural Hazards Partnership (NHP). 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. HSLôs work on this project is funded by the FFC. 

This document provides information on the outcomes of work package 4 of Phase II of the 

project to develop an End-to-End trial system of the Surface Water Flooding Hazard Impact 

Model (SWF HIM).  It reports the validation of SWF HIM results based on historical post-event 

data from 11 case studies (2012 ï 2014).  

The validation analysis is the result of collaboration between the FFC, HSL, EA, Kingôs College 

London (KCL) and CEH. Responsibilities were split between the collaborators: the FFC and 

KCL provided secondary data from the historical events; CEH undertook modelling of the SWF 

hazard based on Met Office hindcast data; and HSL were responsible for running the impact 

modelling element of the SWF HIM and undertaking the validation analysis. 

The approach taken for the validation analysis is based on a comparison of modelled and 

observed impacts.  This comparison considers the following factors: 

1. Location ï were the modelled and observed impacts in the same place? 

2. Criteria ï was the modelled impact criteria (population / property / Infrastructure / 

Transport) the same as the observed impact? 

3. Severity ï is the severity of the modelled impact of a similar magnitude to the observed 

impact? 

A 4
th
 factor (Time) is more difficult to assess and has not been included in the analysis.  This 

factor relates to the temporal coincidence of observed and modelled impacts. SWF is typically 

caused by short-duration, high intensity, localised convective rainfall which means that the 

onset of a SWF event is rapid and relatively short-lived (Kazmierczak and Cavan, 2011). 
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Consequently, in the context of this report, it is appropriate for the flood hazard to be considered 

as a single discrete event and therefore time is not as critical a factor as in other types of 

flooding. Further, information on the specific time of impact is not available in the observed 

impact data.  

The effectiveness of the SWF HIM as an impact forecasting tool is analysed via a set of 

validation metrics based on straightforward detection/false alarm assessment, analysed further 

using contingency tables, which are standard statistical approaches (Lyman Ott and Longnecker, 

2010).   
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2 CASE STUDY EVENTS 

The SWF HIM group selected 11 case studies to test and validate the HIM which are listed in 

Table 2.1. The case studies were chosen by following a series of self-imposed protocols (Box 

2.1). These protocols were designed to ensure that the selected case studies produced a 

representative range of potential flood scenarios spanning impact severity intensities, land cover 

types, seasonality and relevant geographies. 

 

Table 2.1. Final selection of initial 11 case study events including the county-based impact 

severity. 

Event Counties Impact 
Severity 

Event Counties Impact 
Severity 

28 Jun 
2012 

Northumberland Significant 
28 Jun 
2014 

Norfolk Minor 
Tyne & Wear Severe Suffolk Significant 

5 Jul 2012 

Durham Significant Greater London Minor 

Northumberland Minor 8 Jul 2014 Tyne & Wear Significant 

Stockton-on-
Tees 

Minor 

20 Jul 
2014 

Essex Significant 

6 Jul 2012 
Norfolk Significant Norfolk Significant 
Suffolk Minor Kent Significant 
Northumberland Significant Greater London Minor 

7 Feb 
2014 

Cambridgeshire Minor 
28 Jul 
2014 

Cambridgeshire Minor 
Essex Significant Essex Significant 
Suffolk Significant Greater London Significant 

21 May 
2014 

Cambridgeshire Minimal 
14 Aug 
2014 

Essex Minor 
Essex Minimal Suffolk Minor 
Norfolk Minimal Greater London Significant 

Southend-on-Sea Minimal 

23 Nov 
2014 

Cambridgeshire Minor 
Suffolk Minimal Essex Minimal 
Thurrock Minimal Norfolk Minor 
Kent Minimal Suffolk Minor 
Medway Minimal Thurrock Minor 
Greater London Minimal Greater London Minor 
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Box 2.1: Case Study Selection Protocols 
1. The case study dataset will, as much as possible, reflect the whole range of the Flood Forecasting 

Centre (FFC) flood risk matrix impact categories. These categories are minimal, minor, significant 
and severe.  

2. Both urban and rural cases will be considered. 

3. Winter and summer surface water flooding cases will be used. The winter cases will reflect 
saturated or near saturated antecedent ground conditions and saturation excess driven surface 
water flooding. The summer cases will reflect unsaturated antecedent ground conditions and 
infiltration excess driven surface water flooding. 

4. If possible cases will be selected that will allow analysis of hazard modelling over chalk geology; a 
known potential weakness.  It is recognised, however, that other aspects of the geology such as, 
overlying superficial deposits, may make this aspect a challenge. The considered opinion is that this 
aspect of the hazard modelling will be better addressed in a longer period assessment. 

5. LŘŜŀƭƭȅΣ ŀ ΨŦŀƭǎŜ ǇƻǎƛǘƛǾŜΩ ŎŀǎŜ ǎƘƻǳƭŘ ōŜ ŀƴŀƭȅǎŜŘ, where the SWF HIM forecasts impacts when no  
impacts occurred. 

6. During the course of the Phase 2 project any relevant and interesting new surface water flooding 
ŜǾŜƴǘǎ ƻǊ ΨŦŀƭǎŜ ǇƻǎƛǘƛǾŜΩ ŎŀǎŜǎ ǿƛƭƭ ōŜ ŀƴŀƭȅǎŜŘ ǎǳōƧŜŎǘ ǘƻ ǘƘŜ ŀǾŀƛƭŀōƛƭƛǘȅ ƻŦ Řŀǘŀ ŀƴŘ project 
resource. 

7. For the sensitivity analysis, cases should be chosen where a range of impact categories  
occur over a single county. This does not necessarily need to be from a single meteorological event. 

8. For each event the hazard modelling will be conducted across the whole of the relevant domain(s).  
¢Ƙƛǎ Ƴŀȅ ƘŜƭǇ ǘƻ ǊŜǾŜŀƭ ΨŦŀƭǎŜ ǇƻǎƛǘƛǾŜΩ ŜǇƛǎƻŘŜǎΦ 

9. !ǎ ŀ ƳƛƴƛƳǳƳ ŀ ǘƻǘŀƭ ƻŦ мл ΨƳŜǘŜƻǊƻƭƻƎƛŎŀƭ ŜǾŜƴǘǎΩ ǿƛƭƭ ōŜ ǳǎŜŘΣ ǿƛǘƘ ŀ ǇǊŀŎǘƛŎŀƭ ǳǇǇŜǊ ƭƛƳƛǘ ƻŦ мрΦ  
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3 DATA 

3.1 VALIDATION DATA ï LEXIS-NEXIS OBSERVED IMPACTS 
KCL have exploited the LexisNexis

1
 digital archive of approximately 650 regional newspapers, 

call-out records from the fire service and other administrative data to generate an independent 

set of observed impact data against which HIM forecasts can be validated. This work was 

funded by a Natural Environment Research Council (NERC) grant to the Susceptibility of 

catchments to INTense RAinfall and flooding (SINATRA) project, led by the University of 

Reading and awarded as part of the Flooding from Intense Rainfall Programme
2
. These digital 

sources were mined and the resulting observations geo-located, categorized by type, and scored 

for impact severity using the criteria set out in the FFC flood impacts table. Escobar et al. 

(2016) provide a full methodology for preparation of the observed impact dataset.  

The observed impacts are largely drawn from print media; this means that there is a potential 

issue related to the completeness of the data because Minor and Minimal impacts are more 

likely to be missed in favour of capturing more interesting Severe and Significant impacts. 

Consequently, there is the assumption that the majority of Significant and Severe impacts 

occurring during a flood event will have been captured, but this might not be the case for Minor 

and Minimal impacts. Further, the limitations of the geographical information reported (for 

example where the location is provided for an area rather than a street or point location) may 

limit the extent to which the observed impacts can be precisely mapped. 

Observed impact information was collated into tabulated spreadsheet data listing the reported 

impacts for each case study.  The schema conformed to criteria agreed by HSL and KCL to 

include:  

- References (information about the source, links to articles) 

- Geographical location 

- Impact Severity (Minimal, Minor, Significant, Severe) 

- Hazard Type (SWF) 

- Impact Category 

The impact severity level was calibrated through discussion between KCL and the FFC.  Seven 

impact categories were used that fit within the 4 impact criteria proposed in phase I of this work 

and based on the FFC Flood Impacts Table.  The criteria and sub-categories are: 

- Danger to Life (subcategories): 

o Death 

o Injury 

o Evacuation/Rescue 

- Damage to Buildings: 

o Residential damage 

o Non-residential damage 

- Disruption of key sites and infrastructure 

- Disruption of transport 

                                                      
1 Available via registration at https://www.lexisnexis.com/uk/nexis/ 
2 http://www.met.reading.ac.uk/flooding/ 

https://www.lexisnexis.com/uk/nexis/
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Two further criteria (Disruption of communities, and Other) were also used to classify the 

observation dataset.  For the purposes of this analysis these additional criteria are assessed 

against the Maximum modelled impact criteria.  

3.1.1 HSL validation data mapping 
For each observed impact captured by KCL, the geographical location was recorded as fully as 

possible using the following set of hierarchical levels to provide increasing levels of precision: 

Region, County, City or town, Area or street, Postcode.  The most detailed level of geography 

was used by HSL to geocode the observed impacts, applying the following methodology: 

1. Where possible, impacts were mapped to a specific property point or linear road 

segment using Ordnance Survey data; 

2. The remainder of the impacts were mapped to the smallest spatial region possible 

ranging from postcode sectors at the smallest level, up to Government Office Region 

(e.g. North East) at the largest scale. For the latter, this was typically the case for the 

wider impacts reported by national papers. 

The geocoding exercise produced three output datasets for each case study mapping points, lines 

(roads/railway lines) and regions. Together, these present a picture of the observed impacted 

landscape due to SWF for use in the validation exercise. Where observed impacts were mapped 

as larger areas, comparison with the modelled cell values presented challenges.  Figure 3.1 

illustrates the key issue: how well is the observed impact area on the right represented by the 

collection of cells on the right? Further, do the impacted cells relate to a single report of impacts 

or separate impacts within each cell? Where the assessment is manual, human judgement of the 

available information provides sufficient interpretation. For automated analysis requiring counts 

of cells that are correct, this is more difficult. For these reasons, for automated comparisons, the 

full observation dataset was filtered to remove area-based observed impacts greater than 1 km
2
.  

 
Figure 3.1. Comparison of spatial representations and the potential consequences for impact 

modelling in Sittingbourne, Kent. Left: Single observed impact area. Right: Raster grid of 

modelled impacts. Contains OS data © Crown copyright and database right (2016). 

3.2 FORECAST DATA 
Rainfall data for the case study events was sourced by CEH from the Met Office.  This 

included: 

- Simulated rainfall data (based on rainfall recorded from rain gauges) 
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- Ensemble forecast data (Met Office Global and regional Ensemble Prediction 

System (MOGREPS) ï based on a 24 ensemble member forecast) 

The data covered the forecast period of each case study (typically 3 days). The supporting 

Numerical Weather Prediction/MOGREPS UK data is stored at the Met Office on the Managed 

Archive Storage System (MASS) system. CEH were granted external access to MASS using the 

JASMIN system. JASMIN is a fast link to MASS and is part of the NERC infrastructure. The 

rainfall data was processed in CEHôs Grid-to-Grid (G2G) model to produce estimates of the 

run-off per 1km
2
 cell.  Post-processing expressed the run-off in terms of flood return period (1 

in 30 year, 1 in 100 year and 1 in 1000 year), for assessments against 3 rainfall durations (1 

hour, 3 hour, 6 hour). 

 

For each case study, data was supplied for the following configurations for each forecast 

running four times daily: 

- Hourly time steps across the forecast period 

- Summary periods (0-24hrs) 

The validation analysis documented here used the 1 hour rainfall duration data, based on 

discussion and agreement with project partners as it provides the closest match to the maximum 

of the 9 scenarios (as combinations of 3 return periods and 3 rainfall durations).  This approach 

also matches the methodology for the end-to-end trial SWF HIM. 

The temporal aspect of impacts was not considered in this analysis any further than to check 

that they were observed or modelled in the duration of the case study event being considered.  

Consequently, the impacts component of the SWF HIM used the most severe flooding, 

implemented by using the highest flood return period that occurred for each cell, using the 0-24 

hour forecast window. This was based on the assumption that the most severe observed impact 

was a result of the most severe flooding.   

The majority of the validation has been done using the simulated rainfall (rain gauge) data, 

based on the assumption that it is the most representative record of the flooding event. The 

ensemble forecast data has also been used to provide information for assessment of the risk.  

For three of the case studies (8, 9 & 10), radar data has been sourced to provide an alternative 

record of the rainfall event.  This additional data was sourced to address limitations in the 

simulated rainfall based on rain gauge data, particularly regarding the spatial coverage of the 

rain gauge network which can miss localised patterns of rainfall, including extreme rainfall 

values that might contribute to the highest severity of flooding and subsequent impact.  These 

limitations are discussed further in section 5.7.1. 

3.3 IMPACT LIBRARY 
The phase II Impact Library (described in detail in the work package 3 report) was used in the 

SWF HIM to output an assessment of the modelled impacts.  This is built on three summarised 

maximum flood return period datasets and includes potential impacts for the four impact 

criteria, as well as a maximum impact layer summarising the 4 impact criteria. 
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4 APPROACH 

SWF HIM outputs were created using the G2G flood return period outputs and the Impact 

Library described above. Validation was completed for the impact criteria layers, using 1 km
2
 

grid cell outputs and county level summaries. Both recorded rainfall and ensemble forecast data 

are used in the assessment. 

4.1 ANALYSIS 
The validation analysis produces validation metrics following the contingency table framework 

demonstrated in Table 4.1. The table describes the four outcomes that could occur as a result of 

comparing modelled HIM outputs to observed KCL data. Box A (Top left) is where the SWF 

HIM has correctly modelled an impact identified by KCL. Box B (Top right) is where the SWF 

HIM models an impact, but there is no corresponding observation - this is a False Alarm. Box C 

(Bottom left) relates to situations where the SWF HIM does not model an observed impact - this 

is an Undetected result. Box D (bottom right) is where the SWF HIM and the observed data 

both report no impact, Box D will not be validated.  

Table 4.1. Comparison outcomes and related validation checks 

  KCL post-event recorded impacts 

 Impact No Impact 

S
W

F
 H

IM
 

o
u

tp
u

ts
 

Impact A: Correctly 

detected/modelled impact 

Count of observations/cells 

B: False alarm 

 

Count of cells 

No 

Impact 

C: Undetected observed 

impacts 

Count of observations/cells 

D: Correctly detected non-

impact 

Not checked in this analysis. 

 

Figure 4.1 provides a high-level view of the SWF HIM workflow. Alongside each HIM dataset 

or process included are statements outlining the potential for introducing error into the model. 

This is not an exhaustive list, but rather it highlights broad sources of error of most relevance to 

the validation process. The first three elements in the workflow relate to the flood hazard 

component of the SWF HIM (being developed by CEH) and are not considered in detail here.  

Validation analysis structured the statements into a series of research questions which allowed 

different aspects of the SWF HIM and the modelled impacts to be validated.  The questions 

were answered by considering each case study event in turn. Relevant questions are highlighted 

in bold next to each of the statements in Figure 4.1. Some statements are addressed by multiple 

questions.   
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Figure 4.1. Current SWF HIM workflow and statements outlining potential issues. Each of the 

statements relates to one or more research questions to be answered in the validation analysis.  

 

1. How well were the observed impacts modelled by the SWF HIM? 

The simulated forecast data provides a single SWF scenario based on rainfall recorded from rain 

gauge data, which was used to model the impacts for each case study event.  For this question, 

observed impacts were mapped as points, lines and regions (as produced from the method in 

Section 3.1.1) and interpreted manually on an impact-by-impact basis. Values in the results 

tables in this section represent counts of observed impacts.  

The observed impact data was compared to the modelled impacts of the SWF HIM and rated as 

either a correctly detected impact or an undetected observed impact. Where impacts are mapped 

as large regions (e.g. counties or large urban areas), they are excluded from the analysis as the 

comparison becomes increasingly subjective.  The validation analysis considered the following 

for each observed impact: 

1. Impact Location - Is the location modelled to have flood impacts? 

2. Impact Criteria - Is the impact within the right criteria? 

Rainfall data 

Grid-to-Grid runoff  

Impact Process 

Output impacts 
- 1 km

2grid cells  
- County level  

 

Statements of potential error introduction 

Assessment of flood 
return period 

 

Pre-calculated 
Impact Library 

based on 
uFMfSW data 

  

  

- The rainfall data may not have captured the 

patterns of rainfall effectively (Q3) 

 

- Conversion of rainfall to surface runoff may not 

be modelled effectively by G2G (Q3) 

 
- Thresholds used to assign flood return periods 

to cells may not be representative (Q3) 

- Flooding as a result of longer rainfall durations 

may not be identified effectively (Q3) 

 

- Flood impacts may not be represented 

effectively in the Impact Library due to 

scope/accuracy of uFMfSW data or methods 

used to identify potential impacts (Q1 /  Q2) 

- Thresholds used to score impacted cells in the 

Impact Library introduce sensitivity (Q1 /  Q2) 

 

 

 

 

- Upscaling of 1 km2 cell impacts to county level 

is subject to model threshold sensitivity (Q4). 
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3. Impact Severity - Is the severity level the same, or within 1 level? 

If the answer to all of these questions was óYesô the record was marked as a correctly detected 

impact.  If any of the answers were óNoô, the record was marked as an undetected observed 

impact.  Counts of each metric were summarised for each case study. The probability of 

Detection (PoD) was calculated against observed impacts to determine how well the observed 

impacts have been modelled: 

ὖέὈ  
ὅέὶὶὩὧὸὰώ ὨὩὸὩὧὸὩὨ Ὥάὴὥὧὸί ὃ

ὅέὶὶὩὧὸὰώ ὨὩὸὩὧὸὩὨ Ὥάὴὥὧὸί ὃ ὟὲὨὩὸὩὧὸὩὨ έὦίὩὶὺὩὨ Ὥάὴὥὧὸί ὅ
 

Observed Other/Community impacts were compared with the Maximum summary layer.  An 

additional comparison was undertaken independent of impact criteria, using the Maximum 

summary layer against all of the observed impact records. 

 

2. Does the SWF HIM produce any false alarms? 

For this section, the digitised observed impacts were summarised into 1 km
2
 raster cells, where 

the value of the cell is represented as an impact severity for each impact criteria.  Larger lines 

and regions are represented as multiple cells. Where there are multiple impacts in a single cell 

the highest impact severity is retained as the cell value. The cell-based approach aligns with the 

format and resolution of the Impact Library and G2G.  The values in the results table in this 

section are therefore based on counts of impacted cells rather than counts of impacts (as used in 

Q1).  The metrics outlined in table 4.1 are calculated by considering matches between the 

observed and modelled impacts, where matches are again based on location, impact criteria, and 

impact severity (±1). 

The first part of the analysis is broken down by impact criteria, and is limited to impacts rated as 

Significant and Severe only.  This is based on an assumption that such impacts are newsworthy 

enough to appear in the observed impacts dataset. Observations that are matched in the 

modelled output are Correctly Modelled Impacts.  Impacts that are modelled but not observed 

are False Alarms. To assess the scale of False Alarms, the cells where no observed impacts 

occurred are evaluated and a False Alarm Rate (FAR) is calculated based on counts of cells: 

ὊὃὙ  
ὊὥὰίὩ ὥὰὥὶάί ὄ

ὅέὶὶὩὧὸὰώ άέὨὩὰὰὩὨ Ὥάὴὥὧὸί ὃ ὊὥὰίὩ ὥὰὥὶάί ὄ
 

The FAR is calculated for each impact criteria and (similar to question 1) a comparison of the 

Maximum summary layer against all observed impacts. Other/Community impacts are not 

included as a separate category as the SWF HIM does not aim to model these impact explicitly, 

and this question concerns the effectiveness of the modelling.  

The second part of the analysis breaks the comparison down by impact severity level.  

To provide a broader accuracy measure, a Goodness of Fit (GoF) measurement is calculated 

based on counts of cells, and is expressed as: 

 

ὋέὊ 
ὅέὶὶὩὧὸὰώ ὨὩὸὩὧὸὩὨ Ὥάὴὥὧὸί ὃ

ὅέὶὶὩὧὸὰώ άέὨὩὰὰὩὨ Ὥάὴὥὧὸί ὃ ὊὥὰίὩ ὥὰὥὶάί ὄ ὟὲὨὩὸὩὧὸὩὨ έὦίὩὶὺὩὨ Ὥάὴὥὧὸί ὅ 
 

 

where Correctly modelled impacts, False Alarms and Undetected observed impacts represent 

counts of cell impacts that occupy Boxes A, B and C of Table 4.1.  Bates et al. (2005) applied 

GoF measures to the modelled flooding for four UK test cases. Their GoF values ranged from 
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0.91, which they considered to be a very good value down to a poor value of 0.11. Wider flood 

literature seems to suggest that GoF values in the region of 0.8 are considered to be a good fit 

(Bates and De Roo, 2000, Prime et al. 2015).  

For this analysis, 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 non-specific geographical locations suggests that lower 

values of FAR and GoF and are to be expected in this research, however the focus on Significant 

and Severe rated impacts as more newsworthy should provide more confidence. 

3. If an observed impact is undetected based on location, what was the reason? 

There are two main reasons for an Undetected observed impact which are addressed by question 

3. The reasons are visualised in the flow diagram in Figure 4.2: 

 
 

Figure 4.2. Reasons that the SWF HIM may leave an observed impact undetected. 

 

The first reason for a locational Undetected observed impact occurs because of the modelling of 

the flood hazard, prior to the estimation of impact.  This is a result of the following sources of 

uncertainty: the quality of the input rainfall data, the modelling of runoff by G2G, the 

translation of runoff to flood severity (based on return period), and the range of rainfall 

durations considered. In the SWF HIM, impacts are only modelled if a cell is identified as 

flooded by G2G. Hence, observed impacts located outside of G2G-flooded cells could never be 

modelled as impacts by the SWF HIM.  This is considered as a miss due to the hazard, and is 

assessed by comparing the observed impacts against the G2G flood hazard data. Counts of 

observed impacts coinciding with G2G-flooded cells are presented (as hits), broken down by 

impact criteria, and a hit rate calculated.   

The second reason for a locational Undetected observed impact is a consequence of the 

approach used to create the Impact Library. If an observed impact is not modelled, it is 

A cell contains an observed impact, but is not modelled by the HIM.  

No Yes 

Reason 1: No flood 
hazard is modelled  

Reason 2: There is no impact represented 
in the Impact Library 

Is any SWF modelled by G2G? 

Impact severity 
thresholds used 

to create the 
Impact Library 
grid layers are 

not exceeded 

No intersection of 
uFMfSW flood 
susceptibility 
mapping and 

observed impacted 
receptor 

No flood hazard is 
modelled within the 
cell by G2G that can 

be translated to 
impact  
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important to understand whether it could ever be modelled by the SWF HIM Impact Library. 

For this analysis, this is considered in two ways.   

Firstly, the analysis looks at the modelled data, counting the number of cells where flooding is 

modelled by G2G and is translated to a modelled impact that is equivalent to the impact 

observation (matched by impact criteria and severity ±1). Observed impacts are filtered to 

remove polygons greater than 1 km
2
. 

Secondly, the analysis compares the Undetected observed impacts against the 1 in 1000 return 

period layers of the Impact Library. These layers provide the worst case scenario for each 

impact criteria in terms of impact severity that could be modelled. The 1 in 1000 data is used to 

identify the potential for an observed impact to be modelled by the SWF HIM, given an 

optimum assessment of the SWF hazard by G2G. If the location of an observed impact does not 

coincide with an equivalently impacted cell (matched by impact criteria and severity ±1) it is 

not possible for that particular impact to be modelled by the SWF HIM and it is flagged as a 

miss. If an observed impact is located within an equivalently impacted cell, then the impact is 

flagged as a hit.  Hits are also identified where the observed impact severity is less than the 

modelled severity to account for lower return periods. For some cases, hits and misses are 

investigated further through interrogation of the uFMfSW and receptor data. 

4. How do the county summaries compare? 

The FFC have provided an interpretation of the impact severity at county level for each case 

study event.  This is compared with the modelled assessment of county impact produced by the 

SWF HIM using the simulated rainfall data. Further validation is provided through analysis of 

the larger observed regional impacts from the KCL data. This includes commentary on how 

regional impact severities are broken down by impact criteria.  

The ensemble forecast data is also used to produce outputs to inform the assessment of risk.  

The 24 member ensemble produces an assessment of the impact for each county, as an overall 

assessment and broken down by the four impact criteria.  Counts of ensemble members for each 

level of impact severity are presented.  This is not followed through to a risk rating based on the 

flood risk matrix. As with the simulated flooding data, the ensemble data analysis uses the 

highest return periods (for each member) from the full forecast period.  Caution should be 

applied when comparing the ensemble-based results with those from the simulated rainfall data 

as the former is based on a forecast rather than a record of events.   
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5 VALIDATION RESULTS 

The following chapter presents results for each of the case study events. Table 5.1 provides 

overview statistics for all case studies. The statistics are described below and presented in more 

detail later in the chapter.  

¶ The Overall PoD values are the percentage of modelled impacts successfully matched 

to observed impacts.  The PoD is provided for matches where a match of impact criteria 

is required, and for matches where a match of impact criteria is not required. 

¶ The Overall FAR is the percentage of modelled impact cells not matched by observed 

impacts.  

¶ The G2G Hit rate reports the percentage of observed impacts that are located in cells 

modelled with SWF by G2G.  

¶ The Potential IL Hit rate range presents the percentage of observed impacts that could 

have been modelled by the Impact Library given a favourable evaluation of the SWF 

hazard. The range of percentages relates to the different percentages produced by 

different impact criteria. 

¶ The Rate of county matches reports the number of case study counties that were 

modelled with an impact severity level equal to that observed by the FFC. 

Table 5.1 shows that case study 1 presents the most compelling validation results, particularly in 

terms of the PoD results. In at least four case studies, no impacts were detected by the HIM. The 

reasons for this are discussed in more detail further in the chapter and also in the following 

discussion. In all cases, the Impact Library could have modelled the majority of observed 

impacts.  

Table 5.1. Summary statistics for all case studies. 

Question 1 1 2 3 3 4 

Case 
Study 

Overall PoD 
(impact 
criteria 
match 

required) 

Overall PoD 
(no impact 

criteria 
match 

required) 
Overall 

FAR 

G2G 
Hit 

Rate 

Potential 
IL Hit Rate 

(range) 

Rate of 
county 

matches 

1 64% 80% 65% 88% 92-100% 2 of 2 

2 & 3 0% 0% 100% 2% 67-100% 0 of 5 

4 1% 4% 100% 4% 59-100% 0 of 3 

5 0% 0% 100% 0% 100% 9 of 9 

6 0% 0% - - 100% 0 of 3 

7 0% 0% - - 100% 0 of 1 

8 5% 6% - 6% 100% 0 of 4 

(8 radar) 2% 2% 100% 3% - 0 of 4 

9 0% 0% - - 100% 0 of 3 

(9 radar) 33% 46% 0% 50% - 0 of 3 

10 0% 0% - - 100% 0 of 3 

(10 radar) 54% 77% 95% 85% - 1 of 3 

11 0% 0% - - 85-100% 1 of 6 

For case studies 8, 9 and 10 alternative radar data was used in addition to the rain gauge data. 

Table 5.1 shows that for case studies 9 and 10, the radar produces improved results, particularly 
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for PoD and for the G2G hit rates. However, for case study 8, the radar produced similar PoD 

results to the rain gauge data, although the local impacts affecting Canvey Island are modelled 

more effectively. 
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5.1 CASE STUDY 1. 28TH JUNE 2012, NORTH EAST 

Observed impact data was collected for two counties: Northumberland, and Tyne and Wear. 

Figures 5.1.1 and 5.1.2 provide an overview of the observed impacts collected by KCL for case 

study 1. The largest group of impacts observed fall into the Significant severity (49%), with 

Minor impacts being the second most numerous - 41% of impacts (Figure 5.1.1). The Transport 

criteria includes the most observed impacts with 45% of all recorded impacts. 31% of impacts 

are classified as Other/Community.  

Figure 5.1.3 shows the observed impact data in the area of interest.  Significant impacts 

(Orange) include flooding of streets and houses, school closures, and road and rail transport 

disruption.  The two Severe impacts for this case study are not illustrated as they are more 

widespread.  These relate to the suspension of Metro services affecting the Tyne and Wear area. 

 

 
Figure 5.1.1. Breakdown of observed impacts by impact severity (case study 1) 

 

 
Figure 5.1.2. Breakdown of observed impacts by impact criteria (case study 1) 
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Figure 5.1.3. Observed impacts in Newcastle upon Tyne area (case study 1).  

Figure 5.1.4 presents the maximum modelled impact severities at the 1 km
2
 cell level and at the 

summarised county level for the simulated rainfall data. The largest density of impacts occurs in 

Tyne and Wear and centres on the City of Newcastle-upon-Tyne. In Northumberland, there are 

localised clusters of impacts North of Newcastle, and to the West near the town of Hexham. 
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Figure 5.1.4.  1 km

2
maximum modelled impacts (left) and county impacts (right) for 28

th
 June 

2012 

 

1. How well were the observed impacts modelled by the SWF HIM? (Observation-based 

assessment) 

Tables 5.1.1 and 5.1.2 provide a comparison of the observed impacts against the modelled 

impacts.  Table 5.1.1 reports an overall PoD of 64% when considering hits within each impact 

criteria. The PoD increases to 80% when considering matches irrespective of impact criteria 

(Table 5.1.2).  

Table 5.1.1. Overall summary of observed impact records against modelled data  

(match of impact criteria required) 

Impact Criteria 
Correctly Detected 

Impacts 
Undetected Observed 

Impacts 
PoD 

All 80 45 64% 

Population 9 4 69% 

Property 10 4 71% 

Transport 33 30 52% 

Key Sites and Infrastructure 0 1 0% 

Other/ Community 28 6 82% 
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Table 5.1.2. Overall summary of observed impact records against modelled data  

(no impact criteria match required) 

Impact Criteria 
Correctly Detected 

Impacts 
Undetected Observed 

Impacts 
PoD 

All 100 25 80% 

Population 13 0 100% 

Property 14 0 100% 

Transport 44 19 70% 

Key Sites and Infrastructure 1 0 100% 

Other/ Community 28 6 82% 

 

2. Does the SWF HIM produce any false alarms? (cell based assessment) 

Table 5.1.3 presents the results of the FAR analysis by impact criteria for modelled impacts 

rated as Significant or Severe only (matching to ±1 impact severity). For this case study, the 

HIM produces more impact cells than are being observed at the scale of 1 km
2
cell.  However, it 

is feasible that further impacts may have been reported at larger scales, and omitted from this 

analysis. 

 

Table 5.1.3. Summary of modelled impacts rated as Significant or Severe against observed 

impacts, by impact criteria (count of cells) 

Impact Criteria Correctly Modelled Impacts False Alarms FAR 

Max vs. all observed 29 54 65% 

Population 0 0 - 

Property 1 16 94% 

Transport 21 48 70% 

Key Sites and Infrastructure 0 1 100% 
 

Table 5.1.4 presents FAR results by impact severity.  Matches are counted based on location, 

impact criteria and severity (±1). The Significant severity has the lowest FAR.  The FAR for 

Severe cells are difficult to assess as there were no cells with Severe observed impacts included 

in the analysis.  This is because the 2 observed impacts rated as Severe are county level (Tyne 

and Wear) and so have not been mapped to individual cells.  This demonstrates a limitation of 

assessing Severe impacts at the level of individual cell, but also highlights that such impacts are 

commonly defined for severity by their widespread nature.   

Table 5.1.4. Summary of modelled impacts against observed impacts, by impact severity (count 

of cells) 

Severity 
Correctly Modelled 

Impacts 
False 

Alarms 
Undetected 

Observed Impacts FAR GoF 

Minimal 6 344 52 98% 0.01 

Minor 31 207 24 87% 0.12 

Significant 29 60 156 67% 0.12 

Severe 0 13 0 100% 0 
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3. If an observed impact is undetected based on location, what was the reason? 

(Observation based) 

Table 5.1.5 presents summary data comparing G2G-flooded cells against the location of 

observed impacts. The G2G Hit Rate column relates to the first reason for locational misses ï 

no modelling of flood hazard by G2G.  The high percentages presented (78% - 100%) indicate 

that the locations of the observed impacts are mostly identified as flooded by G2G. For this case 

study, the urban area of Newcastle is where most of the observed impacts are located, and is 

mostly covered by G2G-flooded cells (Figure 5.1.5).   

 
Figure 5.1.5. Coverage of G2G-modelled flooding over Newcastle-upon-Tyne 

The final two columns in Table 5.1.5 relate to the second reason for locational misses ï no 

impact represented in the Impact Library. In the cells where G2G models flooding, the Impact 

Library translates these to impacts that are equivalent to the observations for most of the cells. 

92% of G2G-flooded cells produced a measurable impact, with Transport and 

Other/Communities producing the lowest IL Hit Rates (88% and 91% respectively).  
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Table 5.1.5. Analysis of G2G cells against observed impacts 

 Reason 1: Missed by hazard? Reason 2: Missed by impact? 

 Observed 
impacts 
(count) 

Observed impacts in 
cells flagged to flood 

by G2G 

Observed impacts in cells 
flagged to flood by G2G that 
are modelled with impacts in 

the Impact Library (IL) 
Impact Criteria Count G2G Hit Rate Count IL Hit Rate 

Overall 125 109 88% 100 92% 

Population 13 13 100% 13 100% 

Property 14 14 100% 14 100% 

Transport 63 49 78% 44 90% 

Key sites and infrastructure 1 1 100% 1 100% 

Other/Communities 34 32 94% 28 88% 

 

Table 5.1.6 maps the observed impacts against the 1 in 1000 Impact Library layers to assess 

whether cells observed with impacts could ever be modelled with the same impacts. Most of the 

observed impacts could have been modelled by the Impact Library (Hit rates of 92% - 100%). 

Only the Transport and Other/Communities criteria contained misses. 

Table 5.1.6. Comparison of observed impacts against the 1 in 1000 Impact Library layers. 

Impact Criteria Hit Miss Hit Rate 

Population 13 0 100% 

Property 14 0 100% 

Transport 58 5 92% 

Key Sites and Infrastructure 1 0 100% 

Other/Communities (Max) 32 2 94% 
 

4. How do the county summaries compare? 

Table 5.1.7 presents county level data for the modelled impacts (matching the right-hand image 

in Figure 5.1.4) and the observed impacts. The SWF HIM outputs show consistency with the 

observed severities graded by the FFC.  

These results can be further validated using the KCL data. There were three observed impacts 

that cover the whole of Northumberland. The descriptions of these typically lack detail (e.g. 

ñaffected by floodingò), although transportation is mentioned in one of the cases. In all three 

records, the observed impact is classified as Significant. In Northumberland, there were four 

records of localised impacts affecting areas, in Berwick-upon-Tweed, Blyth, Cramlington and 

Seaton Delaval. All were observed at a Minimal or Minor impact severity and none contained 

enough information for classification into one of the impact criteria.   

Tyne and Wear is a smaller county, but it is more densely populated. There were 38 observed 

impacts across the county including localised reports for the areas of Newcastle (12) and 

Gateshead (4). The most extreme impacts reached a Severe level. These were related to the 

widespread Metro closure across Newcastle. Elsewhere, Significant impacts were observed 

relating to key site and infrastructure closures and train delays. Further Minor and Minimal 

impacts were related to evacuation and closure of retail outlets, disruption to transport and 

impacts to property. A single observation was recorded for the entire North East, which 

produced a severity of Significant and which was related to Fire and Rescue Service activities.  
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Table 5.1.8 shows the breakdown of county-level impacts by impact criteria. The table shows 

the prominence of Transport and Property impacts as having a key role in the overall picture of 

risk in the region. 

Table 5.1.7. County-level summary of impact 

  
 

Northumberland Tyne & Wear 

Impact Level 
Observed (FFC) Significant Severe 

Modelled (SWF HIM) Significant Severe 

 

Table 5.1.8 County-level summary of impact by criteria for simulated HIM data 

Impact Criteria Northumberland Tyne and Wear 

Overall (maximum criteria) Significant Severe 

Population Minimal Minor 

Property Minor Significant 

Key Sites and Infrastructure Minimal Minor 

Transport Significant Severe 
 

Table 5.1.9 presents results of the analysis based on the ensemble forecast data.  The table 

includes the count of ensemble members modelled within each impact severity category for the 

case study counties. The mode (most numerous) and median (middle) impact severities for both 

counties are Severe. Comparing this to the FFCôs observations (Table 5.1.7), Tyne and Wear 

provides a match, while Northumberland is out by one impact level. 

 

Table 5.1.9. Count of ensemble members within each impact severity category by county  

Impact Severity Category Northumberland Tyne and Wear 

None 0 0 

Minimal 0 2 

Minor 1 0 

Significant 9 6 

Severe 14 16 

TOTAL 24 24 
 

The SWF HIM was run on simulated rainfall data for England so modelled impact results are 

produced nationally. Derby was the only other county to be classified as Severe for impact 

(largely due to property damage). Five other counties were classified as Significant (mainly due 

to Transport): West Midlands, Cumbria, Durham, Staffordshire, and Blackburn and Darwen. Of 

particular note here are Derby, and Blackburn and Darwen, which were both identified as 

sensitive to hotspots in the sensitivity analysis (Work package 3, Phase II report). This means 

that a single Severe impacted cell will force the classification of the entire county as Severe. 
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5.2 CASE STUDIES 2 & 3. 5-6TH JULY 2012, NORTH EAST AND EAST 
ANGLIA 

Figures 5.2.1 and 5.2.2 provide an overview of the observed impacts collected by KCL for case 

studies 2 and 3. These case studies have been combined in the impacts analysis as the modelled 

data is difficult to separate, and because the results of the modelled analysis do not suggest that 

splitting them would offer different results. The majority of impacts collected fall into the Minor 

severity (64%), with none classified as Severe. Transport is the most populated criteria (46%). 

Other/Community impacts is the 2
nd

 highest (22%).  

Figure 5.2.3 illustrates the observed impact data for the areas of interest.  The observations 

indicate no particular concentration of impacts, with locations distributed across the areas of 

interest.   

 
Figure 5.2.1. Breakdown of observed impacts by impact severity (case studies 2 & 3) 

 

  
Figure 5.2.2. Breakdown of observed impacts by impact criteria (case studies 2 & 3) 
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Figure 5.2.3. Observed impacts for case studies 2 & 3 

 

Figure 5.2.4 presents the maximum modelled impact severities at the 1 km
2
 cell level and at the 

summarised county level for the simulated rainfall data. Observed impact data was collected for 

the counties outlined in blue: Northumberland, Durham, Stockton-on-Tees, Norfolk and 

Suffolk. The left panels of Figure 5.2.4 indicate very few cells modelled with impacts, with only 

a scattering of Minimal, Minor and Significant cells in the North East area.  No impacts are 

modelled in the South Eastern counties. 

 




































































































































