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EXECUTIVE SUMMARY 

The Flood Forecasting Centre (FFC) uses a risk-based forecasting approach requiring an 

understanding of the impacts of natural hazard events. HSL, the 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 flood impacts assessment. The Phase 2 SWF HIM 

Impact Library uses a summarised version of the updated Flood Maps for Surface Water 

(uFMfSW) data as the basis of its flood hazard susceptibility mapping. The SWF HIM group is 

interested in implementing the full range of 9 uFMfSW rainfall scenarios (3 return periods x 3 

storm durations) into the Impact Library.  The additional storm duration breakdown has the 

potential to add detail to SWF HIM outputs, and provide more confidence in risk assessment.   

Objectives 

Aim 1. To evaluate how much additional variability is revealed when 9 scenarios are used 

compared to the 3 maximised summaries for two sample OS 50 km tiles (NZ05 (North East), 

TQ55 (South East)). 

 Objective 1.1: Assessment of flooded property counts and effects of storm duration 

Objective 1.2: Assessment of the extent of per-cell impact severity differences 

Objective 1.3: Assessment of magnitude of per-cell impact severity differences 

Aim 2. To assess the effectiveness of thresholds of flood depth for assessing hazard rating for 

measurement of population impacts. 

Objective 2.1: Comparison of hazard rating-based flood risk thresholds against the 

depth-based proxy thresholds used in the current Impact Library for the measurement of 

population impacts for two sample OS 50 km tiles (NZ05, TQ55).  

This report also presents a comparison of 3 scenarios and 9 scenarios HIM outputs for a SWF 

case study covering the North East of England in June 2012 (NZ05). 

Main Findings 

Aim 1 

In general, the evidence in this report indicates differences in the flood impact information 

provided by the 3 scenario and 9 scenario versions of the Impact Library, particularly at the 

level of 1km grid cell.  Differences are also demonstrated when considering counts of flooded 

properties.   

For flooded properties, counts based on the 1 hour duration flooding in the uFMfSW 9 scenario 

data are generally the most severe, and the closest match to the counts for the 3 scenario data, 

except for 10% where this is not the case. This suggests that in the impacts component of the 3 

scenario SWF HIM, the selection of the 1 hour duration flood severity outputs of G2G is 

appropriate. 

 

For 1km grid cell differences, the lowest return period (1 in 30 year), and the infrastructure and 

key sites impact criteria present the most divergence between the 3 scenario and 9 scenario 

impact data. More tellingly, the property criteria (which have a wide geographical spread and 

have been previously shown to be more influential) are also divergent. Transport (road) and 

population layers are typically more similar between the 3 scenario and 9 scenario data. The 

average magnitude of per-cell impact severity difference is 20% for NZ05 and 34% for TQ55. 
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The case study analysis suggests that the 9 scenario Impact Library captures a larger number 

and a higher severity of impacts across all impact criteria. This may have an impact of slightly 

increasing county-level impact scores, which may in turn increase the risk ratings as well. 

Aim 2 

The comparison of flood depth and flood hazard rating-based property counts shows that the 

two approaches produce similar counts and high Goodness of Fit scores for the Moderate flood 

hazard rating used for assessing vulnerable populations. However, the differences are more 

marked for the Significant flood hazard rating (used for wider populations), with fit values 

below what is typically considered reasonable. Both of the depth-based thresholds show a 

tendency for overestimating the number of properties compared to the equivalent hazard rating.  

The analysis highlights the limitations of using depth to represent hazard rating.   

If we are to assume that the direct hazard rating-based method is the most appropriate, then the 

analysis presented in this document suggests that the two approaches produce different outputs. 

However, another approach may be to apply alternative assumptions for the velocity and 

alternative depth proxy thresholds that provide more confidence at larger scales.  This however 

may require additional processing of data sources to generate additional depth thresholds, with 

no guarantee of improved functionality. 

 

Recommendations 

1. The evidence in this report supports uptake of the 9 scenario Impact Library, to capture 

more of the variability in flooding and its impacts from different flood durations.  

Support for the 9 scenario SWF HIM also requires evidence from the flood forecasting 

component, to further test the use of flood severity information (from G2G) accounting 

for storm duration. 

2. The evidence in this report provides tentative support for the uptake of flood hazard 

rating-based thresholds over depth-based thresholds for the modelling of population 

impacts. However,  the added value that the hazard rating approach might provide 

should be considered in context with the relative weight of the population impacts in the 

SWF HIM and subsequent advice.  

3. It should be acknowledged that the method for counting properties affected by levels of 

hazard rating has not been tested outside this project. It is advisable to seek further 

feedback on the strength of the hazard rating-based property count model. 
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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 impacts 

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). 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. 

 

The Phase 2 SWF HIM Impact Library uses the updated Flood Maps for Surface Water 

(uFMfSW) dataset as the basis of its flood hazard susceptibility mapping. The uFMfSW data 

used in Phases 1 and 2 of the project is the Basic version published by the EA (EA, 2013) and 

includes SWF information for 3 summary rainfall return period scenarios using the maximum 

flood over 3 storm durations (1 hr, 3 hr and 6 hr).  The 3 scenario data was used for its ready 

availability, and because it has been used to pre-populate data points in the latest version 

(updated in 2014) of the National Receptors Dataset (NRD) with information that can be used to 

assess per-property flood risk for property count estimates.  
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AIM  1. To evaluate how much additional variability is revealed when 9 scenarios are used 

compared to the 3 maximised summaries in the Impact Library. 

The SWF HIM group is interested in implementing the full 9 uFMfSW rainfall scenarios  

(3 return periods x 3 storm durations) into the Impact Library.  The inclusion of storm 

duration breakdown data has the potential to improve analysis of impacts through improved 

specification of the flood hazard.  Evaluation is also required to test the assumption that the 

1hr duration provides the closest approximation of flood impacts when compared to the 

maximum for all 3 durations. 

AIM  2. To assess the impact of using depth and hazard-based flood thresholds for 

measurement of population impacts in the Impact Library. 

The Danger to Life component of the Impact Library is assessed based on a flood hazard 

rating. The flood hazard rating is a function of flood depth, velocity and a debris factor, and 

is used to estimate flood risk to people (HR Wallingford, 2005). In the Phase II Impact 

Library, depth thresholds were used as a proxy for flood hazard rating, based on the selection 

of a single representative velocity value. This assumption was made to take advantage of the 

depth-attributed NRD property point which is linked to the population data (the National 

Population Database, NPD). Testing is required to assess the strength of the assumption, to 

evaluate the impacts it has on the Impact Library and SWF HIM, and to look at the 

relationship between depth and hazard rating based on uFMfSW data.  

 

To address these two aims, analysis was conducted on two sample Ordnance Survey 50 km 

tiles: NZ05 and TQ55. These tiles cover the conurbation of Tyne and Wear in the North East of 

England (NZ05) and Canvey Island in the South East (TQ55). These are the sites of two 

prominent SWF events that have been previously been assessed by the NHP group. 

Consequently, there is a wealth of additional information on rainfall and impacts available for 

this analysis. The analysis documented in this report evaluates the value that the two changes 

outlined in Aims 1 and 2 could add to the SWF HIM.   
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2 DATA AND PRE-PROCESSING 

JBA Consulting prepared NRD data for the two sample tiles applying a property count method 

based on the wetted perimeter around a property (EA, 2014) for the full 9 scenario uFMfSW 

dataset. JBA also included flood hazard ratings measurements, calculated from uFMfSW depth 

and velocity data, using an adapted version of the same method. JBA also supplied uFMfSW 

flood data in banded raster format for the 9 scenarios. The 3 summarised maximum uFMfSW 

layers were supplied by JBA and have been reused from SWF HIM Phase 1 and Phase 2 work. 

2.1 PRE-PROCESSING 
The sample NRD data were filtered to remove properties that are not modelled to flood for any 

of the 9 uFMfSW scenarios, points that do not represent properties (e.g. advertising 

hoardings/telephone boxes etc.) and points recorded as being above ground floor. The NRD 

flood data was summarised to represent the extent to which a property would flood for a given 

return period (1 in 30, 1 in 100 or 1 in 1000 years) and storm duration (1 hr, 3 hr and 6 hr). The 

following rules were applied to determine whether a property was flooded or not, and whether 

the flood conditions presented a danger to life. Rule 3 applies only to hazard-based thresholds 

(Aim 2), where it would supersede Rule 2. 

 

Rule 1 A property is flooded if over 50% of the perimeter is flooded at 200 mm depth or 

deeper. 

Rule 2 (Population rules ï depth-based (as implemented in Phase 2 work)) 

a) The vulnerable population in a property are in danger if over 50% of the perimeter 

is flooded at 200 mm depth or deeper 

b) The wider population in a property are in danger if over 50% of the perimeter is 

flooded at 300 mm depth or deeper  

Rule 3 (Alternative population rules ï hazard-based) 

a) The vulnerable population in a property are in danger if over 50% of the perimeter 

is flooded at moderate flood hazard or greater. 

b) The wider population in a property are in danger if over 50% of the perimeter is 

flooded at significant flood hazard or greater. 

 

The flood-filtered NRD was run through existing code (in R software) to: 

1. Add population and infrastructure information from secondary datasets including the 

National Population Database (NPD) and Ordnance Survey AddressBase Premium. 

2. Convert population and infrastructure data into impact metrics and aggregate counts and 

values into 1 km
2
 raster grids for each uFMfSW scenario (x 9) and for each impact type 

(x 8) = 72 layers in total for each sample tile. 

The transport layers (Trunk Roads, Other Roads and Rail) were created under the assumption 

that sections of the network were flooded if intersected by inundation of depth 0.15 m or 

greater. This was applied using Ordnance Survey (OS) Integrated Transport Network (ITN) 

data. This approach used topological information from OS ITN, and drainage information from 

the EA Detailed River Network dataset and uFMfSW configuration data to develop 3D 

networks, which allowed distinction of un-impacted flyover sections and under-road drainage 

routes. The node-to-node distance (distance between junctions) for each flooded network 
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section was calculated and aggregated into 1 km
2
 cells. This is the same approach as outlined in 

the WP3 sensitivity analysis report. 

 

 

The impact types included in this analysis are:  

1. Residential Property count  6. Infrastructure location count 

2. Non-residential Property counts  7. Trunk Road length 

3. Day population count   8. Other Roads length 

4. Night population   9. Rail length 

5. Key Sites count 
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3 AIM 1: COMPARISON OF 3 AND 9 SCENARIO UFMFSW 
DATA. 

Evidence is required to inform the decision on whether to adopt the full 9 uFMfSW scenarios or 

remain with the 3 summarised scenarios. This decision requires consideration of the added 

value that the 9 scenario version of the SWF HIM might provide.  In the SWF HIM, the 9 

scenario approach is implemented in two places: firstly in forecasting the severity of flooding 

(based on the estimates of surface water runoff from G2G); and secondly in the Impact Library, 

as the SWF HIM component that processes forecast flooding information into an assessment of 

impact.  This analysis focusses on the latter, looking at potential added value in the Impact 

Library through a comparison of two versions created using the 3 scenario and the 9 scenario 

versions of the uFMfSW dataset.  The structure of the SWF HIM (impact modelling 

component) is illustrated in figure 3.1. 

 

 

 
Figure 3.1 Structure of 3 scenario and 9 scenario SWF HIMs (impact modelling component) 
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The evidence will be presented through an assessment of the Impact Library layers for each 

version, and through comparison of the main source datasets.  The results will also be put into 

context through a SWF case study event, included in Chapter 5.  The approach for Aim 1 can be 

realised as three objectives: 

 

Objective 1.1: Comparison of flood-impacted property counts for the 3 and 9 scenario datasets 

to evaluate the differences between them. The current assumption in the 3 scenario SWF HIM 

that the 1 hour duration is the closest match to the maximum across all storm durations (and is 

thus a suitable indicator of the level of flooding) will also be assessed. 

 

Objective 1.2: Assessment of the difference in impact severity score between paired component 

layers (matched by impact type and return period) in the 3 and 9 scenario versions of the Impact 

Library. This will be based on raster (1km grid) data.  Large differences indicate pairings where 

more grid cells are classified as a different impact severity and provide evidence to support the 

adoption of the 9 scenario version.  Smaller differences between paired layers indicate that most 

cells in a pairing are classified as the same impact severity and suggest that the 9 scenario 

approach might add little value. To understand key patterns in more detail, a comparison of 

counts for cells classified as Severe impact will be conducted as these represent the most critical 

regions of the model. 

 

Objective 1.3: Comparison of similarity between the 3 scenario classified impact grid layer and 

each storm duration grid layer for a given impact type. This builds on Objective 1.2 and is 

measured by the Root Mean Square Error (RMSE) for each pairing. RMSE provides a measure 

of the extent of differences and the magnitude of the differences and is a standard statistical 

metric commonly used to evaluate model performance across a range of scientific disciplines 

(Chai and Draxler, 2014). Low values of RMSE indicate greater similarity between the 3 and 9 

scenario Impact Libraries and suggest less value for adoption of 9 scenarios. High values 

indicate greater value in applying the 9 scenarios.   

3.1 METHODS 

3.1.1 Objective 1.1 
This objective requires consideration of individual properties and uses the versions of the NRD 

property point data that are attributed with uFMfSW information for 3 and 9 scenarios.  The 

NRD data were used to produce counts of flooded properties for each scenario (as a 

combination of return period, storm duration and impact threshold) applying the rules set out in 

Section 2.1. The counts from the 9 scenario data were then compared to those from the 

corresponding 3 scenario data (matched by return period and impact threshold).  

 

3.1.2 Objective 1.2 
Each of the impact-classified 3 scenario Impact Library grid layers was compared against the 

three comparative storm duration layers in the 9 scenario Impact Library to produce grid layers 

containing per-cell differences in impact severity, for each combination of impact type, return 

period and storm duration. These were used to count the cells with matching impact severities, 

and those with differing impact severities. In addition, through processing each of the uFMfSW 

layers for the Impact Library, the maximum of the impact criteria layers were retained and have 

been presented for comparison. 

 

3.1.3 Objective 1.3 
The RMSE is the square root of the mean average squared difference (Chai and Draxler, 2014). 

The grid layers created in objective 1.2 containing per-cell difference data were used to 
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calculate the RMSE, for each combination of impact type, return period and storm duration.  

The RMSE differs from the Objective 1.2 measurement by considering the magnitude of the 

difference as well as the extent and can be used to provide relative comparisons between sample 

tiles and between impact criteria. When RMSE tends towards 0, there is a high level of 

similarity between the paired layers. The data used in this analysis has a range of 0-4. Therefore 

a RMSE value of 1 indicates an average difference between a pair of layers of 1, which is 

equivalent to cells changing by a single impact severity rating. 

 

3.2 RESULTS 

3.2.1 Objective 1.1: Comparison of flooded property counts 
The top two sections

1
 of Table 3.1 present flooded property counts for each combination of 

return period and storm duration in the 9 scenario data, and for the maximum flooding by storm 

duration for each return period in the 3 scenario data. Each 3 scenario layer has three component 

layers from the 9 scenarios (for differing storm durations – 1 hr, 3 hr, and 6 hr). In all cases, the 

counts for the 1 hour duration flood scenarios are the closest in estimation to the 3 scenario 

summary layers.   

Table 3.2 presents the percentage difference in property counts for the 1hr duration compared to 

the maximum summaries.  The mean average difference is 21%, although the median is lower 

with half of the percentages less than 12%.  Overall, the degree of similarity increases with 

higher return periods.  

This analysis supports the use of the 1hr duration as the closest representation of the maximum 

summary, compared to the other storm durations.  The strength of the match with the 1hr 

duration is variable, and although stronger at higher return periods, can overestimate the number 

of flooded properties more significantly at lower return periods, and by 70% for one of the 

scenarios presented. 

 

The NZ05 tile in the 9 scenario NRD was analysed further to look at how the flooding changes 

for individual properties for combinations of return period and storm duration.  This helps to 

understand the extent to which variation in flooding (by return period) might be missed by not 

considering specific storm durations.  Of the 20,590 flood depth-impacted properties in the 

NZ05 tile, almost half (10,156) were impacted to the same return period across all storm 

durations.  This breaks down as 8,640 properties flooded to at least 1 in 30 year, 761 flooded to 

at least 1 in 100 year, and 755 flooded to 1 in 1000 year. The remainder (10,434 properties) 

have different return periods for each storm duration. 

 

 

 

 

 

  

                                                      
1 The bottom two sections are added for comparison purposes in section 4.2 
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Table 3.1. Property counts for each scenario. Counts report the number of properties within 

each sample tile that are modelled with flooding that exceeds the threshold. The impact metric 

entry describes their current use and the pre-processing rules applied. 

  NZ05 TQ55 

Scenario Threshold 3 scens 9 scens 3 scens 9 scens 

Impact Metric: Property and Vulnerable Population ς Rule 1 and Rule 2a 

1in30yr 1hr 200 mm   1470  7207 

1in30yr 3hr 200  mm 200 mm depth 2205 1334 8567 4377 

1in30yr 6hr 200mm   1311  2685 

1in100yr 1hr 200 mm   4663  19121 

1in100yr 3hr 200 mm 200 mm depth 5545 4033 20515 13029 

1in100yr 6hr 200 mm   3283  8247 

1in1000yr 1hr 200 mm   19690  67952 

1in1000yr 3hr 200 mm 200 mm depth 20883 17692 72006 50393 

1in1000yr 6hr 200 mm   14770  37282 

Impact Metric: All Population ς Rule 2b 

1in30yr 1hr 300mm   632  3657 

1in30yr 3hr 300mm 300 mm depth 1076 561 4324 2279 

1in30yr 6hr 300mm   638  1431 

1in100yr 1hr 300mm   2158  10558 

1in100yr 3hr 300mm 300 mm depth 2765 1953 11693 7197 

1in100yr 6hr 300mm   1679  4633 

1in1000yr 1hr 300mm   11109  43974 

1in1000yr 3hr 300mm 300 mm depth 12067 10346 46145 32902 

1in1000yr 6hr 300mm   8717  24198 

Impact Metric: Vulnerable Population ς Rule 3a 

1in30yr 1hr hazard moderate 
moderate  

hazard rating 

 988  5584 

1in30yr 3hr hazard moderate NA 944 NA 3353 

1in30yr 6hr hazard moderate  1008  2098 

1in100yr 1hr hazard moderate 
moderate  

hazard rating 

 3335  15688 

1in100yr 3hr hazard moderate NA 2928 NA 10661 

1in100yr 6hr hazard moderate  2441  6600 

1in1000yr 1hr hazard moderate 
moderate  

hazard rating 

 15877  60058 

1in1000yr 3hr hazard moderate NA 14352 NA 44309 

1in1000yr 6hr hazard moderate  11965  32467 

Impact Metric: All Population ς Rule 3b 

1in30yr 1hr hazard significant 
significant  

hazard rating 

 174  1877 

1in30yr 3hr hazard significant NA 187 NA 1065 

1in30yr 6hr hazard significant  197  728 

1in100yr 1hr hazard significant 
significant  

hazard rating 

 664  6672 

1in100yr 3hr hazard significant NA 622 NA 4181 

1in100yr 6hr hazard significant  528  2420 

1in1000yr 1hr hazard significant 
significant  

hazard rating 

 5853  34627 

1in1000yr 3hr hazard significant NA 5228 NA 24436 

1in1000yr 6hr hazard significant  4240  16714 
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Table 3.2 Percentage difference of 1hr duration property counts to those from maximum of all 

durations 

Sample Tile NZ05 TQ55 

Impact Metric: Property and Vulnerable Population ς Rule 1 and Rule 2a 

1in30yr 1hr 200 mm 50% 19% 
1in30yr 1hr 200 mm 19% 7% 
1in30yr 1hr 200 mm 6% 6% 
Impact Metric: All Population ς Rule 2b 

1in30yr 1hr 200 mm 70% 18% 
1in30yr 1hr 200 mm 28% 11% 

1in30yr 1hr 200 mm 9% 5% 

Figures 3.2 and 3.3 illustrate this further by presenting the highest return period that causes each 

property to flood for each storm duration (Green for 1 in 30, Yellow for 1 in 100 and Red for 1 

in 1000). Across the NZ05 tile, there are 1906 property points where the 1 hour duration is not 

the most severe, approximately 10% of flood-impacted properties. Figures 3.2 and 3.3 

demonstrate these patterns for selected sets of individual properties.  In figure 3.2 there is only 

one property where the 1hr duration is not the (or one of the) most severe (marked as A). Figure 

3.3 includes a cluster of properties where this is not the case (centred on B); it’s likely that this 

area would not be best represented by the assumption of 1hr duration. 

Figure 3.2 Levels of flooding for impacted properties at different storm durations. Point size 

increases with storm duration. Point colour indicates the return period of flooding. Contains OS 

data © Crown copyright and database right (2016) 

A 
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Figure 3.3. Levels of flooding for impacted properties at different storm durations. Point size 

increases with storm duration. Point colour indicates the return period of flooding. Contains OS 

data © Crown copyright and database right (2016) 

3.2.2 Objective 1.2: Impact severity differences 
Figure 3.4 presents a comparison of Impact Library Maximum impact grid layers (i.e. the 

highest severity impact across all impact criteria) for the 3 scenario and 9 scenario versions, for 

a 10 x 10 km sample area in the NZ05 tile covering Newcastle-upon-Tyne. The first three rows 

include the 9 scenario data (with descending rows representing increasing storm duration), with 

the 3 scenario maximum (duration) summary layers on the bottom row. Left to right, the 

columns represent increasing flood severity in return periods. We can investigate the impact 

severity differences by comparing the top 3 rows with the bottom one. 

The patterns for this area reveal that the 1 hour storm duration layers are most similar to the 

maximum summary layers, with severity decreasing with longer storm duration. Similarity 

increases with higher return periods, with the 1 in 1000 year, 1 hour duration layer (C) identical 

to the 3 summary layer (L) within the displayed area. 

Tables 3.4 and 3.5 present, for each impact metric, the percentage of cells in a grid layer that 

displayed a difference in impact severity scores between the 3 and 9 scenarios, for the NZ05 and 

TQ55 tiles respectively. Green entries represent the most divergent pairings, while red entries 

represent the least divergent pairings. The results include only those cells that could be impacted 

by any of the criteria.  

 

 

 

B 
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Figure 3.4 Overview of the differences between 9 scenario (A - I) and 3 scenario (J - L) 

Maximum Impact data for a 10 x 10 km sample area in Newcastle-upon-Tyne. Colours represent 

impact severity (Green = Minimal, Yellow = Minor, Amber = Significant,  

Red = Severe) 
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Table 3.4 Percentage of cells that differ from the 3 scenario impact library layers – NZ05 tile. 

Green cells represent the most divergent pairings. Red cells represent the most similar pairings. 

Cells are counted if they are modelled with flood impacts from at least one of the paired 

scenarios. 

Scenario 1 in 30 1 in 100  1 in 1000 Scenario 1 in 30 1 in 100  1 in 1000 

nightpop 1hr 21.15 12.04 4.82 key 1hr 40.00 23.08 11.90 

nightpop 3hr 26.28 14.38 8.43 key 3hr 40.00 15.38 21.43 

nightpop 6hr 31.41 27.67 19.28 key 6hr 20.00 30.77 42.86 

daypop 1hr 20.51 11.00 3.99 trunk 1hr 20.37 20.29 7.48 

daypop 3hr 24.36 12.67 7.39 trunk 3hr 11.11 13.04 14.02 

daypop 6hr 29.49 25.25 16.77 trunk 6hr 12.96 15.94 23.36 

res 1hr 21.80 10.05 4.05 other 1hr 22.74 14.77 5.07 

res 3hr 30.1 23.06 13.15 other 3hr 17.03 12.86 11.09 

res 6hr 39.79 38.13 29.01 other 6hr 22.18 18.73 20.43 

nonres 1hr 37.57 25.24 13.05 rail 1hr 25.53 4.48 4.20 

nonres 3hr 34.25 25.55 14.64 rail 3hr 6.38 2.99 9.24 

nonres 6hr 31.49 30.28 22.93 rail 6hr 14.89 23.88 13.45 

infra 1hr 42.11 12.20 13.39 

    infra 3hr 31.58 24.39 10.71 

    infra 6hr 31.58 34.15 16.07 

     

For the NZ05 tile (Table 3.4), the key sites, 6 hour duration, 1 in 1000 year layer exhibits the 

largest difference in impact severity (42.86% of cells contain a difference), while the smallest 

difference is for the rail, 3 hour duration, 1 in 100 year layer (2.99%). Generally, the differences 

are shown to increase with storm duration, although this is not the case for the 1 in 30 return 

period. 

Considering the results by impact type, the rail layers have the lowest mean average difference 

(11.8%), this is followed by trunk roads (15.4%), other roads (16.5), and population layers (day 

= 16.8%, night = 18.3%). Conversely, key sites layers have the largest mean average difference 

(27.3%), followed by non-residential properties (26.1%), infrastructure (24.0%) and residential 

properties (23.2%). The average difference for any pairing is 20%. Variation in the differences 

is also evident for impact types: for example, for the 1 in 1000 year return period, the residential 

layer produces the 2
nd

 highest difference (29.01%, 1hr) and the 2
nd

 lowest difference (4.05%, 

6hr) demonstrating the largest range by position for a single return period. 

 

The TQ55 tile (Table 3.5) contains much larger differences, with infrastructure and key sites 

layers presenting the highest percentages (60-80% of cells). The most similar layer is the Rail 1 

hour, 1 in 1000 year layer with a difference in only 0.92% of cells.  The mean average 

difference across all layers for the TQ55 tile is 34%, with 17 of the 81 scenarios containing 

differences in over 50% of cells. Patterns seen in the NZ05 data are reflected here, with trunk 

roads (10.4% mean average difference), other roads (18.1%), rail (20.0%) and population layers 

(day = 35.0%, night = 37.1%) being the most similar, while key sites (55.6%), infrastructure 

(48.9%), non-residential properties (40.1%) and residential properties (38.1%) were most 
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divergent. The 1 in 30 return period has largest range of differences, with the range decreasing 

with increasing return period.  

Table 3.5 Percentage of cells that differ from the 3 scenario impact library layers – TQ55 tile. 

Green cells represent the most divergent pairings. Red cells represent the most similar pairings. 

Cells are counted if they are modelled with flood impacts from at least one of the paired 

scenarios. 

Scenario 1 in 30 1 in 100 1 in 1000 Scenario 1 in 30 1 in 100 1 in 1000 

nightpop 1hr 34.22 24.53 7.80 key 1hr 53.85 43.59 12.50 

nightpop 3hr 45.12 38.08 30.20 key 3hr 75.00 65.79 42.37 

nightpop 6hr 58.19 50.97 44.55 key 6hr 70.00 76.47 60.68 

daypop 1hr 30.38 23.19 22.44 trunk 1hr 20.27 18.18 18.42 

daypop 3hr 42.37 33.39 28.31 trunk 3hr 12.16 10.10 2.63 

daypop 6hr 54.68 43.82 36.09 trunk 6hr 5.31 4.90 1.34 

res 1hr 26.08 18.52 6.98 other 1hr 24.46 17.29 6.11 

res 3hr 45.13 41.49 33.93 other 3hr 22.97 28.28 24.84 

res 6hr 64.56 56.23 49.73 other 6hr 20.55 15.06 3.25 

nonres 1hr 38.70 28.25 22.84 rail 1hr 13.24 3.74 0.92 

nonres 3hr 49.19 38.78 28.19 rail 3hr 33.82 20.09 6.46 

nonres 6hr 57.22 53.81 43.78 rail 6hr 46.32 39.72 16.00 

infra 1hr 45.71 31.58 6.52 

    infra 3hr 62.86 45.95 38.04 

    infra 6hr 80.00 71.62 57.61 

     

Tables 3.6 and 3.7 detail the differences in counts of cells identified as Severe for each 

combination of return period, storm duration and impact type.  The count differences increase 

with return period as expected as more cells are rated Severe where the flooding is greatest. The 

largest differences arise from property, population and trunk road layers, for 6 hour and 3 hour 

storm durations. As expected from the analysis in section 3.2.1, the 1 hour duration is closest to 

the 3 scenario maximum summary layer and has the fewest differences.  Key sites present few 

or no absolute differences for the NZ05 tiles, but large differences for TQ55. Infrastructure, 

other roads and rail cannot reach the Severe impact category in the Impact Library 

methodology. The differences in the TQ55 tile are larger than in the NZ05 tile. 
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Table 3.6 Difference in counts of Severe cells for the NZ05 tile. Values represent the absolute 

decrease (in brackets) and the percentage decrease in Severe cell count between the 9 scenario 

layer and the 3 scenario paired layer. NA values indicate that the layers do not contain any 

Severely impacted cells. 

Scenario 1 in 30 1 in 100 1 in 1000 Scenario 1 in 30 1 in 100 1 in 1000 

res 6hr NA NA (17) 53% key 3hr NA NA 0% 

res 3hr NA NA (8) 25% nightpop 1hr NA NA 0% 

nonres 6hr (1) 100% (1) 33% (7) 50% nightpop 3hr NA NA 0% 

nonres 3hr (1) 100% (1) 33% (3) 21% res 1hr NA NA 0% 

daypop 6hr NA (1) 50% (3) 43% infra 1hr NA NA NA 

key 6hr NA NA (1) 100% infra 3hr NA NA NA 

nightpop 6hr NA NA  (1) 33% infra 6hr NA NA NA 

daypop 1hr 
 

(1) 50% (1) 14% other 1hr NA NA NA 

daypop 3hr 
 

(1) 50% (1) 14% other 3hr NA NA NA 

trunk 6hr (6) 29% (4) 13% (8) 12% other 6hr NA NA NA 

trunk 3hr (3) 14% (4) 13% (4) 6% rail 1hr NA NA NA 

nonres 1hr 0% (1) 33% 0% rail 3hr NA NA NA 

trunk 1hr (3) 14% (5) 17% 0% rail 6hr NA NA NA 

key 1hr NA NA 0% 
    

 

Table 3.7 Difference in counts of Severe cells for the TQ55 tile. Values represent the absolute 

decrease (in brackets) and the percentage decrease in Severe cell count between the 9 scenario 

layer and the 3 scenario paired layer. NA values indicate that the layers do not contain any 

severely impacted cells. 

Scenario 1 in 30 1 in 100 1 in 1000 Scenario 1 in 30 1 in 100 1 in 1000 

key 6hr NA (2) 100% (11) 79% daypop 1hr (1) 50% 0% (4) 8% 

key 3hr NA (2) 100% (9) 64% res 1hr (2) 33% (3) 12% (8) 4% 

daypop 6hr (2) 100% (8) 89% (33) 63% nightpop 1hr (1) 33% (2) 25% 0% 

nightpop 6hr (3) 100% (7) 88% (48) 62% trunk 1hr (6) 14% (4) 6% 0% 

res 6hr (5) 83% (22) 85% (104) 58% infra 1hr NA NA NA 

nonres 6hr (7) 78% (14) 58% (58) 51% infra 3hr NA NA NA 

res 3hr (5) 83% (18) 69% (72) 40% infra 6hr NA NA NA 

daypop 3hr (2) 100% (4) 44% (20) 38% other 1hr NA NA NA 

nightpop 3hr (3) 100% (5) 63% (26) 34% other 3hr NA NA NA 

nonres 3hr (5) 56% (11) 46% (31) 27% other 6hr NA NA NA 

trunk 6hr (6) 14%  (6) 10% (27) 24% rail 1hr NA NA NA 

key 1hr NA (2) 100% (2) 14% rail 3hr NA NA NA 

trunk 3hr (3) 7% (5) 8% (14) 13% rail 6hr NA NA NA 

nonres 1hr (4) 44% (3) 13% (12) 11% 
     

3.2.3 Objective 1.3: RMSE 
Tables 3.8 and 3.9 present results for Impact Library layer similarity for each combination of 

impact type and return period, for the NZ05 and TQ55 tiles respectively.  The mean average 

RMSE for the NZ05 grid layers is 0.64, with 10 of the 81 impact layers with RMSE that 

exceeds 1.  For TQ55, the mean average RMSE is greater at 0.86 with 26 of the 81 impact 

layers with RMSE scores greater than 1.  The 1 in 30 year return period produces the highest 

values of RMSE for both sample tiles. 
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Looking at impact types, rail, key sites and trunk roads produce the largest RMSE for both 

sample tiles, with 4 of the 9 key sites pairings returning an RMSE greater than 1 within NZ05, 

and 8 of the 9 within TQ55. Other roads and population layers tend to have a low RMSE across 

return periods.  

Table 3.6: RMSE values for each impact type in the NZ05 Tile. Green cells represent divergent 

pairings. Red cells represent similar pairings 

Scenario 1 in 30 1 in 100 1 in 1000 Scenario 1 in 30 1 in 100 1 in 1000 

nightpop 1hr 0.48 0.36 0.22 key 1hr 1.26 0.96 0.64 

nightpop 3hr 0.51 0.38 0.29 key 3hr 1.26 0.78 0.99 

nightpop 6hr 0.56 0.53 0.44 key 6hr 0.89 1.11 1.30 

daypop 1hr 0.45 0.38 0.24 trunk 1hr 1.15 1.06 0.40 

daypop 3hr 0.49 0.39 0.32 trunk 3hr 0.73 0.92 0.59 

daypop 6hr 0.54 0.56 0.48 trunk 6hr 0.69 0.92 1.11 

res 1hr 0.52 0.33 0.20 other 1hr 0.73 0.63 0.27 

res 3hr 0.57 0.49 0.36 other 3hr 0.51 0.53 0.46 

res 6hr 0.69 0.71 0.58 other 6hr 0.53 0.51 0.63 

nonres 1hr 0.75 0.63 0.38 rail 1hr 1.44 0.53 0.61 

nonres 3hr 0.71 0.59 0.43 rail 3hr 0.76 0.52 0.87 

nonres 6hr 0.79 0.79 0.59 rail 6hr 1.16 1.37 0.98 

infra 1hr 0.65 0.35 0.37 
    infra 3hr 0.56 0.56 0.33 
    infra 6hr 0.56 0.70 0.43 
     

Table 3.7: RMSE values for each impact type in the TQ55 Tile. Green cells represent divergent 

pairings. Red cells represent similar pairings 

Scenario 1 in 30 1 in 100 1 in 1000 Scenario 1 in 30 1 in 100 1 in 1000 

nightpop 1hr 0.58 0.46 0.32 key 1hr 1.44 1.38 0.66 

nightpop 3hr 0.71 0.60 0.57 key 3hr 1.71 1.73 1.27 

nightpop 6hr 0.83 0.78 0.75 key 6hr 1.87 1.84 1.66 

daypop 1hr 0.55 0.49 0.31 trunk 1hr 1.17 0.95 0.28 

daypop 3hr 0.68 0.63 0.62 trunk 3hr 1.14 0.98 1.13 

daypop 6hr 0.81 0.76 0.77 trunk 6hr 1.17 1.22 1.30 

res 1hr 0.53 0.45 0.18 other 1hr 0.37 0.26 0.15 

res 3hr 0.81 0.70 0.56 other 3hr 0.67 0.60 0.60 

res 6hr 1.09 1.01 0.75 other 6hr 0.92 0.86 0.78 

nonres 1hr 0.85 0.66 0.33 rail 1hr 1.05 0.51 0.24 

nonres 3hr 1.03 0.83 0.60 rail 3hr 1.68 1.30 0.73 

nonres 6hr 1.23 1.10 0.82 rail 6hr 1.92 1.83 1.17 

infra 1hr 0.68 0.63 0.29 

    infra 3hr 0.79 0.74 0.73 

    infra 6hr 0.94 1.00 0.92 
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4 AIM 2: POPULATION IMPACTS – SUITABILITY OF 
DEPTH AS A PROXY FOR HAZARD RATING 

In the Impact Library, thresholds of hazard rating are used to estimate counts of people in 

danger, which are then used to assign an impact severity level (Minimal to Severe) for each 1km 

grid cell.  The flood hazard rating is a function of the depth and velocity of flood water and a 

related debris factor (Equation 4.1, Table 4.1). Following the Flood Risk to People 

Methodology (HR Wallingford, 2005), thresholds were set to 0.75 for vulnerable populations 

and 1.25 for all populations based on degree of flood hazard specified in the methodology 

documents. 

Equation 4.1.   Hazard rating = Depth x (Velocity + 0.5) + Debris Factor 

 

For the Phase I Impact Library, the hazard rating thresholds were applied to point-in-polygon 

analysis for points representing the locations of population points (typically within buildings) 

intersecting uFMfSW polygon data.  

 

Table 4.1 Hazard Rating and Hazard to People Classification for combinations of flood 
depth and velocity, where debris factor is set to 0.5 if depth <=0.25 m, and set to 1 if 

depth > 0.25 m (from Environment Agency and HR Wallingford (2008)). 

 

  
Depth (m) 

  
0.05 0.10 0.20 0.25 0.30 0.50 0.75 1.00 2.00 3.00 4.00 5.00 

V
e

lo
c
ity

 (
m

/s
) 

0.05 0.53 0.56 0.61 0.64 1.17 1.28 1.41 1.55 2.10 2.65 3.20 3.75 

0.10 0.53 0.56 0.62 0.65 1.18 1.30 1.45 1.60 2.20 2.80 3.40 4.00 

0.20 0.54 0.57 0.64 0.68 1.21 1.35 1.53 1.70 2.40 3.10 3.80 4.50 

0.25 0.54 0.58 0.65 0.69 1.23 1.38 1.56 1.75 2.50 3.25 4.00 4.75 

0.30 0.54 0.58 0.66 0.70 1.24 1.40 1.60 1.80 2.60 3.40 4.20 5.00 

0.40 0.55 0.59 0.68 0.73 1.27 1.45 1.68 1.90 2.80 3.70 4.60 5.50 

0.50 0.55 0.60 0.70 0.75 1.30 1.50 1.75 2.00 3.00 4.00 5.00 6.00 

0.75 0.56 0.63 0.75 0.81 1.38 1.63 1.94 2.25 3.50 4.75 6.00 7.25 

1.00 0.58 0.65 0.80 0.88 1.45 1.75 2.13 2.50 4.00 5.50 7.00 8.50 

2.00 0.63 0.75 1.00 1.13 1.75 2.25 2.88 3.50 6.00 8.50 11.00 13.50 

3.00 0.68 0.85 1.20 1.38 2.05 2.75 3.63 4.50 8.00 11.50 15.00 18.50 

4.00 0.73 0.95 1.40 1.63 2.35 3.25 4.38 5.50 10.00 14.50 19.00 23.50 

5.00 0.78 1.05 1.60 1.88 2.65 3.75 5.13 6.50 12.00 17.50 23.00 28.50 

              
Hazard Rating Key Hazard to People Classification 

Less than 0.75 Low Very low hazard - caution 

0.75 to 1.25 Moderate Danger for some - includes children, the elderly and the infirm 

1.25 to 2.0 Significant Danger for most - includes the general public 

More than 2.0 Extreme Danger for all - includes the emergency services 

 

In the Phase II Impact library, the approach for estimating flooded building counts was 

improved through the implementation of a methodology developed by Horrit consulting (2013) 
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for the EA which considers a building flooded by SWF if over 50% of a surrounding 2m buffer 

around the building is flooded to depths exceeding 0.2m. This methodology has been used to 

create a version of the NRD which has been pre-processed with uFMfSW depth information, 

which was used to estimate flooded building counts in the Impact Library. No equivalent 

method or attributed-NRD is available for evaluation of uFMfSW hazard rating around 

buildings. Instead, for assessment of danger to people in the Impact Library, the Phase II Impact 

Library used flood depth as a proxy indicator for hazard rating, based on an assumption of a 

typical flood velocity of 0.25 ms
-1

, agreed following discussion with JBA. For a Significant 

flood hazard rating (1.25), this creates a depth threshold of 0.33m, while for aModerate flood 

hazard rating (0.75), the closest depth is 0.25m.  It is then a pragmatic choice to select 0.3m as 

the depth threshold proxy for Significant hazard rating, and 0.2m for Moderate hazard rating, 

based on their relative closeness to the values described above, and importantly, their inclusion 

as 2 of the 6 depth thresholds included in the uFMfSW attributed NRD data. The relationship 

between velocity, depth and hazard rating is detailed in Table 4.1. 

Further support for the selection of a velocity of 0.25 ms
-1 

is provided in Figure 4.1.  This figure 

presents the distribution of velocities for given ranges of flood depth for the sample tile NZ05 

where the percentage is calculated from counts of grid cells that are flooded. The key columns 

in the figure are the 0.2 m > 0.3 m and > 0.3 m, as the depth thresholds used in the phase II 

Impact Library.  58% of 0.2 m > 0.3 m flood depth cells and 47% of > 0.3m depth cells have a 

velocity below 0.25 ms
-1

 suggesting a median velocity close to 0.25ms
-1

. This suggests that the 

selection of 0.25 ms
-1 

as a single representative velocity value is reasonable for both of the 

selected depth thresholds.  

 

 

Figure 4.1. Cell-based proportion of velocities (ms
-1

) in depth categories (mm) 

Table 4.1 shows flood hazard rating to be variable by both flood depth and velocity, which 

makes the assumption of a single velocity a pragmatic way forward rather than an ideal 

solution. The approach will be most limited when velocities differ significantly from the 

selected value, and the sensitivities it introduces may reveal themselves in the Impact Library 

and SWF HIM.  
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An alternative way forward is to adapt the property counting approach developed by Horrit 

Consulting (2013) to flood hazard rating.  It is suggested that a specific hazard rating-based 

property count approach might provide added value over the current method and account for 

sensitivities in the depth thresholds used. This analysis assumes that the adapted property count 

approach using hazard rating provides a benchmark for comparison as the best assessment for 

counting people in properties with potential danger to life. 

The aim of this section is to test the effectiveness of the depth-based proxies for flood hazard 

rating, and evaluate the added value that a specific flood hazard rating based version might 

provide.  This is done via a 1km cell-level comparison of counts of people in danger, using the 

hazard rating and depth-based proxy methods described.  This will provide evidence to inform 

the selection of method in subsequent Impact Libraries. 

Objective 2.1: Compare hazard rating thresholds with depth thresholds for properties identified 

to flood with potential danger to life in the Impact Library Population layers. Strong positive 

relationships between 0.2m depth threshold and Moderate hazard rating, and 0.3m depth and 

Significant hazard rating suggest that depth thresholds are an appropriate proxy for hazard rating 

in the Impact Library. Weak or negative relationships suggest that the selected depths provide 

an insufficient proxy and that testing of alternative depth thresholds or use of direct hazard 

rating measurements might be more appropriate.  

4.1  METHOD 
To compare depth and hazard rating thresholds, a measurement of Goodness of Fit (GoF) was 

calculated as demonstrated by the contingency table (Table 4.2) and Equation 4.2.  GoF is a 

commonly used metric in evaluation of flood modelling where GoF is the Goodness of Fit 

metric and A, B and C are property counts in the contingency table (Baldassarre, 2012). Box A 

represents properties that are flagged to flood by both depth and hazard rating. B represents 

points that are flagged to flood by hazard rating, but not depth, and C represents properties that 

are flagged to flood by depth, but not hazard rating. GoF is scored between 0-1, where a value 

of 1 indicates a perfect match and a value of 0 indicates no overlap between depth-based and 

hazard-based flooding. For context, Bates et al. (2005) applied GoF measures to modelled 

flooding for four UK test cases. Their GoF values ranged from 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).  

 

Table 4.2. Contingency table for depth and hazard rating comparison. A+B is the count of 

properties flagged to flood based on hazard rating. A+C is the count of properties flagged to 

flood by depth 

 Flooded by depth Not flooded by depth 

Flooded by hazard A B 

Not flooded by hazard C D 
 

Equation 4.2                              ὋέὊ  
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4.2 RESULTS 
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Figure 4.2. Comparison between depth and hazard based population impact classification for 

the 1 in 1000 return period maximum criteria layer over Newcastle-upon-Tyne. A,C,E represent 

depth-based measurements. B,D,F represent hazard based measurements. Storm durations 

increase top to bottom: (A-B: 1hr, C-D: 3hrs, E-F: 6hrs). Colours represent impact severity 

(Green = Minimal, Yellow = Minor, Amber = Significant, Red = Severe) 

Figure 4.2 presents a comparison of classified impacts (scored Minimal to Severe) using the 

depth-based population threshold (left hand column) and the hazard-based population threshold 

(right hand column). The images display the maximum criteria layer derived from 1 in 1000 
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return period uFMfSW data, and cover an area including Newcastle-upon-Tyne. A-B represent 

1 hr duration, C-D represent 3hr and E-F represent 6 hr duration. Patterns between depth and 

hazard measurements are very similar although the depth measurements are slightly more severe 

(Figure 4.2) for all storm durations, by count of Severe cells and spatial extent of impacts.  

Counts of properties flooded by the depth and hazard thresholds for a 9 scenario Impact Library 

are provided in Table 3.1. For vulnerable populations, comparing the top section (rule 2a) with 

the third section (rule 3a) reveals a tendency for the depth threshold to overestimate.  A similar 

pattern is seen for wider populations when comparing the second section (rule 2b) with the 

fourth section (rule 3b).  The scale of property count overestimation is variable but is most 

extreme in the 1 in 30 year return period for wider populations. 

Figures 4.3 and 4.4, and Tables 4.3 and 4.4, present the GoF for vulnerable and wider 

populations for the NZ05 and TQ55 tiles respectively. The GoF values suggest a reasonable 

match for the counts of vulnerable people, with GoF values between 0.66 and 0.79 for NZ05, 

and between 0.73 and 0.83 for TQ55. For wider populations, GoF values reduce to between 

0.27 and 0.49 for NZ05 and between 0.45 and 0.73 for TQ55. This corresponds to differences in 

property counts between the two sample tiles of between 40% and 90% for wider populations.  

The broad range of these GoF values suggest a more variable fit than for vulnerable 

populations, with the lowest values indicating a poor fit.  The 1 in 1000 year return period has 

the highest values of GoF, suggesting a better fit between depth and hazard rating when 

flooding is more severe.  

 

 

Figure 4.3. The goodness of fit values for population impacts (NZ05 tile) 

 

Tables 4.3 and 4.4 present further information on the components of the contingency table and 

GoF. Across both tiles, the counts of C (False Alarms) are larger than those for B, meaning that 

more properties are flagged to flood by the depth method compared to hazard rating, suggesting 

a tendency for the depth method to overestimate. For wider populations (particularly at the 

lowest return period), the counts of C (False Alarms) can outnumber the counts of A (hits).  This 

overestimation is the main limiting factor on the GoF value reporting a better fit, for all 

scenarios. 
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The results detailed here suggest that the assumption for velocity (0.25 ms
-1

) is not particularly 

strong at the higher depth threshold (for wider populations), and that the velocities are generally 

lower than assumed, and more varied.  

 

Table 4.3. Goodness of fit data for impact library pairings (NZ05 tile). The last three columns 

present the number of properties modelled to flood to the same level by depth and hazard, by 

depth but not hazard, and by hazard but not depth 

Vulnerable populations 

Scenario Goodness of Fit both hit (A) depth only (C) hazard only (B) 

1 in 1000 3hr 0.794 14184 3508 168 

1 in 1000 6hr 0.794 11829 2941 136 

1 in 1000 1hr 0.792 15722 3968 155 

1 in 30 6hr 0.732 980 331 28 

1 in 100 6hr 0.72 2396 887 45 

1 in 100 3hr 0.71 2891 1142 37 

1 in 100 1hr 0.701 3295 1368 40 

1 in 30 3hr 0.682 924 410 20 

1 in 30 1hr 0.657 975 495 13 

Wider populations 

Scenario Goodness of Fit both hit (A) depth only (C) hazard only (B) 

1 in 1000 3hr 0.49 5119 5227 109 

1 in 1000 1hr 0.498 5637 5472 216 

1 in 1000 6hr 0.474 4164 4553 76 

1 in 100 6hr 0.311 524 1155 4 

1 in 100 1hr 0.305 659 1499 5 

1 in 100 3hr 0.316 618 1335 4 

1 in 30 6hr 0.307 196 442 1 

1 in 30 3hr 0.329 185 376 2 

1 in 30 1hr 0.271 172 460 2 
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Figure 4.4. The goodness of fit values for population impacts (TQ55 tile) 

 

Table 4.4. Goodness of fit data for impact library pairings (TQ55 tile). The last three columns 

present the number of properties modelled to flood to the same level by depth and hazard, by 

depth but not hazard, and by hazard but not depth  

Vulnerable populations 

Scenario Goodness of Fit both hit (A) depth only (C) hazard only (B) 

1 in 1000 3hr 0.831 42823 7195 1486 

1 in 1000 1hr 0.829 57803 9680 2258 

1 in 1000 6hr 0.827 31425 5548 1043 

1 in 100 3hr 0.777 10307 2597 354 

1 in 100 1hr 0.776 15148 3837 539 

1 in 100 6hr 0.766 6396 1755 203 

1 in 30 6hr 0.752 2041 616 57 

1 in 30 3hr 0.739 3267 1070 86 

1 in 30 1hr 0.734 5396 1765 186 

Wider populations 

Scenario Goodness of Fit both hit (A) depth only (C) hazard only (B) 

1 in 1000 1hr 0.728 32973 10670 1655 

1 in 1000 3hr 0.698 23448 9179 988 

1 in 1000 6hr 0.654 16091 7882 623 

1 in 100 1hr 0.582 6314 4172 358 

1 in 100 3hr 0.543 3982 3150 199 

1 in 100 6hr 0.501 2336 2245 84 

1 in 30 6hr 0.487 703 717 25 
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Figure 4.5 illustrates at a local level how each of the depth and hazard thresholds produce 

different selections of flooded properties, for a small sample area in South Shields (NZ05).  The 

yellow points indicate properties that are flooded based on the depth threshold, while the green 

dots indicate properties that are flooded based on the hazard rating threshold.  Thresholds are 

implemented for wider populations and vulnerable populations in the left and right panels 

respectively.   

The figure shows that for both population types, the extent of flooding is greater for the depth 

thresholds than for the hazard rating threshold.  This is more pronounced for wider populations 

(left panel), where many more properties are flagged to flood with danger to life by the depth 

threshold over the hazard rating threshold.  It would be inappropriate to draw conclusions from 

such a small display area, but it does illustrate the trends found above with a closer fit for 

vulnerable populations, and helps to put the methods assessed above into context. 

 

 
Figure 4.5 Extent of flooding (pink/blue) and properties flagged to flood with danger to life 

(yellow/green points) using hazard rating and depth-based proxy thresholds. Thresholds for 

wider populations are applied in the left panel, and for vulnerable populations in the right panel. 

Contains OS data © Crown copyright and database right (2016) 
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5 CASE STUDY COMPARISON 

This Chapter applies the comparison of 3 scenario and 9 scenario Impact Libraries to a 

historical SWF case study located in the sample tiles. The case study is the ‘Toon Monsoon’ 

which affected the North East of England.  The analysis includes a comparison of SWF HIM 

results for impact criteria layers and county summaries. Input G2G flooding data was provided 

as 1km gridded data by CEH for the period from 26
th
 to 28

th
 June 2012, based on recorded rain 

gauge information.  The highest level of severity of flooding (by return period) per 1km cell 

across the full case study period was used in the analysis. 

 

Figure 5.1 presents a visual comparison of the four impact criteria layers for the area that was 

most impacted by the event (Newcastle-upon-Tyne).  The left hand column represents the 3 

scenario results and the right hand column represents the 9 scenario results. Visual analysis of 

Figure 5.1 suggests the 9 scenario model produces a greater number and higher impact severity 

scores across the flood event. Across the criteria, the only Severe impacts in the 3 scenario 

model are modelled in the Transport criteria while the 9 scenario model has Severe impacts for 

Population, Property and Transport. 

 

To quantify these differences, the impacted extent (km
2
, i.e. count of impacted cells), RMSE 

and GoF were calculated and compiled into Table 5.1. The results show that across all criteria 

the 9 scenario extents are larger than the 3 scenario extents. GoF values range between 0.64 and 

0.79; this demonstrates a reasonable fit between the spatial extents. In all cases, the RMSE is 

relatively high (close to 1) which indicates a high likelihood of per-cell impact difference 

between the paired layers.    
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Figure 5.1 Comparison between 3 scenarios (Left column) and 9 scenarios (Right column) for 

the North East SWF case study: 28
th
 June 2012  
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Table 5.1 Comparative statistics for 3 scenario and 9 scenario HIM outputs for the 28
th
 June 

2012 case study (NZ05 tile) 

Criteria 3 scenario 

extent (km2) 

9 scenario 

extent (km2) 

RMSE GoF 

Property 242 305 0.86 0.76 

Population 122 189 0.79 0.64 

Key sites and 

infrastructure 

30 45 0.80 0.67 

Transport 194 240 1.06 0.79 

 

Figure 5.2 presents comparative histograms of the four impact criteria by severity, for the case 

study event. Across criteria, the 3 scenario layers produce lower counts for each impact severity 

apart from the key sites and infrastructure layer, where low counts of impacted cells are likely to 

have large effect on case study analysis. These patterns reflect those in Figure 5.1. 

  

 
Property Population 

 Key sites and infrastructure Transport 

Figure 5.2 Histograms of impacted cell counts by severity for 9 scenarios (dark red) and 3 

scenarios (red)  
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Summarising the cell results to county-level produces the results detailed in Table 5.2.  The 

results are the same for 3 scenario and 9 scenario SWF HIMs, except for the elevation of 

Significant impacts for Property to Severe in Tyne and Wear. 

 

Table 5.2 County-level impact scores 

 Northumberland  Tyne and Wear 

Impact Criteria 3 Scenario 9 scenario  3 Scenario 9 scenario 

Population Minimal Minimal  Minor Minor 

Property Minor Minor  Significant Severe 

Key Sites and Infrastructure Minimal Minimal  Minor Minor 

Transport Significant Significant  Severe Severe 

Maximum Significant Significant  Severe Severe 
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6 DISCUSSION AND RECOMMENDATIONS 

This report provides evidence that will help to inform decisions for future phases of SWF HIM 

development.  This includes decisions on whether to implement the full 9 uFMfSW scenario 

version of the Impact Library or retain use of the version based on the 3 summary uFMfSW 

scenarios, and whether to apply danger to life thresholds based on flood hazard rating or a 

depth-based proxy. 

 

In general, the evidence in this report supports the uptake of the 9 scenarios Impact Library.  At 

the level of individual properties, the differences in flood property counts in the sample tiles can 

be large, varying between 5% and 70%.  Large differences are also seen when considering the 

results at the 1km cell level. Whilst infrastructure and key sites layers are typically the most 

divergent from the 9 scenarios, more tellingly, the property and transport (rail) layers are also 

divergent from the 3 scenarios. The Work Package 3 sensitivity analysis of the Impact Library 

demonstrated that the property and transport criteria are influential in the overall assessment of 

flood risk. Population layers are found to be less divergent suggesting that the 9 scenario Impact 

Library adds less value for this impact criteria.  

 

The case study analysis in Chapter 5 suggests that the 9 scenario SWF HIM will capture a larger 

number of impacts across all criteria. Differences look most relevant at the 1km cell level with 

RMSE values indicating potential differences of 1 severity level for each impact criteria.  

County-level summaries are less divergent, and report the same impact levels for the overall 

maximum impact and each of the component impact criteria apart from Property impacts in 

Tyne and Wear which differs by one impact severity level.  These results are interesting, but 

have only been generated for one extreme case study and one forecast window. There may be 

value in repeating the analysis for different time steps or across ensemble forecast data, or for 

case studies which are characterised differently, for example by longer storm durations. 

 

The comparison of depth and hazard rating-based property counts in Chapter 4 show reasonable 

similarity when depths are low for modelling vulnerable populations. However the difference is 

more marked for the modelling of wider populations, which shows greater variability and 

generally lower fit values.  High counts of false positives indicate a tendency for overestimation 

by the depth-based proxy, and suggest that the assumption regarding velocity is not as strong as 

initially indicated. Further analysis of the depth-based method to improve on the assumptions 

regarding velocity and depth thresholds may provide results that can be used to calibrate the 

method. However, this would require further investment and data processing by project 

partners, there is no guarantee that this will provide measurable improvement, and additional 

uncertainty may be introduced, particularly if methods developed within a sample area are 

rolled out to the full SWF HIM extent. This suggests a recommendation for the use of hazard 

rating-based thresholds within future Impact Libraries.  

 

It should be acknowledged that the method for counting properties affected by levels of hazard 

rating has not been tested outside this project, although the depth-based method (EA, 2014) that 

it is built from has. If we are to assume that the direct hazard-based method is the most 

appropriate, then the analysis in Chapter 4 suggests that the two approaches do produce 

different outputs. It is advisable to seek further feedback on the strength of the hazard rating-

based property count model, with the EA, as authors of the depth-based method, being the 

logical first point of call. 
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