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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 Hs&sed forecasting. In partnership with the

Centre for Ecology and Hydrology (CEH), tEBmvironment Agency and the FF@e Health

and Safetye x e ¢ u taboratofy $HSL) have developed a S\WWMRzard 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 pestvent data from 1l case studies (20122014). The validation

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

and developed by project partners at Kingds Co
under the banner of the NatilHazards Partnership (NHP).

Objectives

The validation analysis compared the impacts efled by the SWF HIM againsibserved
impacts based on 4 stages of analysis defined by the following questions:

1. How well were the observed impacts modelled by the $UKF?

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.

FIl ood hazard dat a wa®-Grig (G2@)imbdeldbaded on Gabfellédata Gr i d
provided by the Met Office. Thprinciple source of rainfall information wasgrailateddata

based on recorded rainfall fraime rain gaugenetwork This was supplemented by rainfall data

from Met Office radar, andnsemble forecastainfall datafrom the Met Office Global and

regional Ensemble Prediction SysteiiGREPS.

Main Findings

The results of the analysis are shown to be very sensitie tguiality 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 wei@ 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 probabili 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. Fatseasdar
(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 unegortng and completeness of
information) and the difficulty in representing it geographicallyll 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 orethainfall 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 onMnmnmahat prod
The use ofradardata provides an additional match for case study 10 (Greater Lonéon)
Significantimpact

Results of the county summaries based on the ensemble forecast data provide more matches to
FFCbs obser vatadddoths mostmemerous inpastaseaveligyels modelledy

the ensemble The countyresults also highlight the potential for further development of the
thresholds used for upscaling impacts to the
highlightedfor some eventand larger counties demstrating a tendendpr undeestimating

thelevel of impact

Recommendations

The limitations of the rainfall data prevent strong conclusions and recommendations but
highlight areas of further investigation. However the following recommendations caadse

1. Testing of the model using alternative, more robust rainfall and flooding information is
a priority. Use of radar rainfall data (as demonstrated for casies8)® and 19 to
complement the rain gauge information seems a sensible way forward.

2. The value of the 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 #imulated 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. Funttanalysis 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 exercisespmagde
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 (windowased) analysis could achieve this but waeédd to
be developed in partnership with the flood hazard modellers.

vi
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1 INTRODUCTION

The FloodForecasting Centre (FFC) has a responsibility for providing hyteorological

advice to support Category 1 and 2 emergency responders, the Environment ¢&grftgod

warnings and the Met Officeevereweather warning service. The advigigen is used by the

responders to make decisions on emergency planhiigyprovided by the FFC primarily via

the Flood Guidance Statement (FGS) and through the Met © c e 6s Hazar d Manage
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 oéquiriéd for

example during extreme rainfall eventis provides an assessment loé flood riskover5 days,

identifying developing situations and considering potential threats to pemmperty and

infrastructure

The FFC use a riskased forecasting approach requiring an understanding of the impacts of

events. For the phase | wookthis project, HSLtheHealthandSa f et y Execut,i veds |
were approached by the FFC to investigate therpial for improvingflood impactassessment

which includedassessment dfifferent criteria of impactswith a specific focus on 8&urface

Water Flooding (SWHFhazard. In partnership withe Centre for Ecology & Hydrology (CEH)

the EAand the FFC, HSL developed a pradfconcept SWF Hazard Impact Model (HIthat

was presented to the FFC and is documented in a report by Aldridge 2054.), (

Development of the SWF HIM is being doas part of the HIMlevelopment programme for

the Natural Hazards Partnership (NHPhe NHP is a group of organisations that has been set
up to provide information, research and analysis on natural hazardsvil contingencies,
government and responders. The NHP facilitates collaborative work across disciplines
including the developmentof HIMBIS L 6 s wor k dsfundedhby the FFC.0j e c t

This document provides information on the outcomes of workaguge 4 of Phase Il of the
project to develop an Erd-End trial system of the Surface Water Flooding Hazard Impact
Model (SWF HIM). It reports the validation of SWF HIM results based on historicakpest
data from 1 case studies (20122014).

Thevalidation analysis is the result of collaboration between the ABC, EA, Kingé College
London (KCL) andCEH. Responsibilities were split between the collaborators: the FFC and
KCL provided secondary data from the historical events; CEH undertook Imgd#lthe SWF

hazard based on Met Office hindcast data; and HSL were responsible for running the impact
modelling element of thBWF HIM and undertaking the validation analysis.

The approach taken for the validation analysis is based on a comparisoodellech and
observed impacts. This comparison considers the following factors:

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

2. Criteria T was the modelled impact criter{@opulation / property / Infrastructure /
Transportfhe sames the observed impact?

3. Severityi is the severity of the modelled impact of a similar magnitude to the observed
impact?

A 4™ factor (Time) is more difficult to assess and has not been included in the analysis. This
factor relates to the temporabincidence of observeahd modelled impactSWF is typically
caused by shoduration, high intensitylocalised convective rainfalivhich means thathe

onset of a SWF event is rapid and relatively sheed (Kazmierczak and Cavan, 2011).

1
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Consequentlyin the context of this report, it is appropriate for the flood hazard to be considered
as a single discrete event atitbreforetime is not as critical a factor as in other types of
flooding. Further,information on the specific time of impact is not éaale 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 straightforwatetection/false alarrassessmengnalysed further
usingcontingency tables, which aséandard statistical approaches (lam®tt and Longnecker

2010)
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2 CASE STUDY EVENTS

The SWF HIM group selectetll case studies to test and validate the HIM which are listed in
Table2.1. The case studies were chosen by following a series efgaisedprotocols (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.

Table2.1. Final selection of initial 11 case study eventduding the countypased impact

severity.

Event Counties Impact Event Counties Impact
Severity Severity

28 Jun Northumberland | Significant 28 Jun Norfolk Minor

2012 Tyne & Wear Severe 2014 Suffolk Significant
Durham Significant Greater London | Minor
Northumberland | Minor 8 Jul 2014 | Tyne & Wear Significant

5 Jul 2012 : =
Stocktonon- Minor Essex Significant
Tees — 20 Jul .
Norfolk Significant 2014 Norfolk Significant

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

7 Eeb Cambridgeshire Mllno_r_ 28 Jul Cambridgeshire M_lno_r.

2014 Essex Significant 2014 Essex Significant
Suffolk Significant Greater London | Significant
Cambridgeshire | Minimal Essex Minor

o 14 Aug .

Essex Minimal 2014 Suffolk Minor
Norfolk Minimal Greater London | Significant
Southendon-Sea| Minimal Cambridgeshire | Minor

21 May . .

2014 Suffolk Minimal Essex Minimal
Thurrock Minimal 23 Nov Norfolk Minor
Kent Minimal 2014 Suffolk Minor
Medway Minimal Thurrock Minor
Greater London | Minimal Greater London | Minor
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Box 2.1: Case Study Selection Protocols
1.

3. Winter and summer surface water flooding cases will be used. The winter cases will

VA& I YAYAYdzy | o d2aGFKt 2F man WYSGS2NRE 23A0F

The case study dataset will, as much as possible, reflect the whole range of the Flood Fo
Centre (FFC) flood risk matrix impact categories. These categories are minimal, minor, s
and severe.

Both urban and rural cases will be considered

saturated or near saturated antecedent ground conditions and saturation excess driven
water flooding. The summer cases will reflect unsaturated antecedgound conditions ar
infiltration excess driven surface water flooding.

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

LRSFfftes | WTFFfasS LI awhérdtBeSSWF BIM Jofcashigatdzivhien ny
impacts occurred.
During the course of the Phase 2 project any relevant and interesting new surface water f
SoSyiGa 2N WFrftasS LRarAldAdSQ OFasSa oAt fprojed
resource.

For the sensitivity analysis, cases should be chosen where a range of impact c3
occur over a single county. This does not necessarily need to be from a single meteorologic

For each event the hazard modelling will be coctegd across the whole of the relevant domair]
¢CKAA YIFe KStLI G2 NBGSIE WFrfasS LRaAlABSQ
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3 DATA

3.1 VALIDATION DATA i LEXIS-NEXIS OBSERVED IMPACTS

KCL haveexploited the LexisNexis digital archive of approximatel§50 regional newspapers,
call-out records from the fire service and other administrative data to generate an independent
set of observedimpact data against which HIM forecasts can bedetd. This work was
funded by aNatural Environment Research CoundiHRC) grant to theSusceptibility of
catchments to INTense RAinfall and floodin8INNATRA) project led by the University of
Reading andwarded as part of tHdooding from Intense Rafall Programmé These digital
sourcesveremined and the resultingbservationgieclocated, ctegorized by type, and scored

for impact severityusing the criteria set out in the FR{©od impacs table Escobaret al

(2016) provide a full methodolodgr 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 beddmae and Minimal impacts are more

likely to be missed in favour of capturing more interestBgyereand Significantimpacts.
Consequently, there is the assumption that the majorit@ighificant and Severeimpacts
occurring during a flood event will have been captubed this might not be the case fdinor

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 # 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:

- Referenceginformation about the source, links to articles)

- Geographical location

- Impact Severityinimal, Minor, Significant Severg

- 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 | of this work
and based on tHeFCFlood Impacts Table. The criteria and sategories are:

Danger to Life (subcategories):
o Death
o0 Injury
o Evacuation/Rescue
- Damage to Building:
o0 Residential damage
o Nonresidential damage
- Disruption of key sites and infrastructure
- Disruption of transport

! Available via registration alittps://www.lexisnexis.com/uk/nexis/
2 http://Iwww.met.reading.ac.uk/flooding/

5
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Two further criteria Disruption of communitiesand Other) were also used to classify the
observation dataset. For the purposes of this dralysse additionatriteria are assessed
against theMaximummodelled 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 hierarcitevels to provide increasing levels of precision:
Region County City or town Area or streetPostcode The most detailed level of geography

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

1. Where possible, impacteere mapped to a specific property point or linear road
segment using Ordnance Survey data;

2. The remainder othe 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 Eastat 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 linespand regions. Together, these present a picture of the observed impacted
landscape due to SWF for use in the validation exerdi$ere 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?urther, do the impacted cells relate to a single report of impacts

or separate impacts within each cell? Where the assessmeahual, human judgement of the
available information provides sufficient interpretation. For automated analysis requiring counts

of cellsthat are correcthis is more difficult. For these reasons, for automated comparisons, the

full observation datas wasfiltered to remove arebased observed impacts greater th&nf.

105 0 1 2 3
e e el k|
Figure 3.1. Comparison of spatial representations and the potential consequences for impact
modelling in Sittingbourne, Kent. Left: Singleservedmpactarea Right: Raster gridof
modelled inpacst. Contains OS data © Crown copyright and database right (2016).

3.2 FORECAST DATA
Rainfall data for the case study evemtas sourced by CEH from the Met Office. This
included:

- Simulated rainfall data (based on rainfall recorded fromgatrges)

6
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- Ensemble forecast datdét Office Global and regional Ensemble Prediction
System MOGREPS i based on a 24 ensemble member forecast)

The data covered the forecast period of each case study (typically 3 Tags¥upporting
Numerical WeathePredictiodMOGREPS UK data is stored at the Met Office onMsnaged
Archive Storage SystenMASS) 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 infrastrudthee.
rainfald at a was pr oc e ste@id (G2Q) maddt td Pproduce estindates of the
run-off per 1kn? cell. Postprocessing expressed the +offi in terms of flood return period (1

in 30 year, 1 in 100 year and 1 in 1000 year), for assessments againgalB aamations (1
hour, 3 hour, 6 hour).

For each case study, data was supplied for the following configurations for each forecast
running four timegaily:

- Hourly time steps across the forecast period
- Summary periods (@4hrs)

The validation analysisloaumented herausedthe 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 durafidws)approach

also matches the methodology for the @agnd trial SWF HIM.

The temporal aspect of impaatss not considered in this analysis any further than to check
that theywere observed or modelléd the duration of the case study event being considered.
Consegently, the impacts component of the SWF HIM used the most severe flooding,
implemented by using the highdktod return period that occurred for each cell, using 2 0
hour forecast windowThis was based on the assumption that the most severe absapazt

was a result of the most severe flooding.

The majority of the validation has been done using the simulated rdrafizll gauge)data,
based on the assumption that it is the most representative record of the flooding event. The
ensemble forecasliata has also been usegtovide information foassesment oftherisk.

For three of the case studigs 9 & 10) radar data has been sourced to provide an alternative
record of the rainfall event. This additional data was sourceatitibess limitabns in the
simulated rainfall based on rain gauge dai@ticularly regarding the spatial coverage of the
rain gauge network which can mikxcalised patterns of rainfall, including extremanfall
values thammight contribute to the highest severityftifoding and subsequent impacthese
limitations arediscussed further in secti@n7.1.

3.3 IMPACT LIBRARY

The phase Il Impact Library (described in detail in the work package 3 yeyastused in the

SWEF 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 summarisiaglimpactcriteria.
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4 APPROACH

SWF HIM outputs were created usitige G2G flood return periodoutputs andthe Impact
Library described above. Vaktion was completed for thmpactcriteria layers using1 kn?

grid cell outpus and county levedummariesBoth recorded rainfall and ensemble forecast data
areused in the assessment.

4.1 ANALYSIS

The validation analysis produces validation metrics following the contingency table framework
demonstrated in Tabk 1 The table describes the four outcomes thaldcoocur 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 correspondirggolation this is aFalseAlarm. Box C
(Bottom left) relates to situations where the SWF HIM does not model an observed-ithigmct

is an Undetectedresult. Box D (bottom right) isvherethe SWF HIM and the observed data
both repornoimpact Box D will not be validated.

Table4.1 Comparison outcomes and related validation checks
KCL post-event recorded impacts

Impact No Impact
Impact | A: Correctly B: Falsealarm
= detectedmodelledimpact
T3 Countof observations/cell§ Countof cells
é 5 No C: Undetectedbserved D: Correctly detectedon
» © | Impact | impacts impact
Countof observations/celly Not checked in this analysis.

Figure 41 provides a higHevel view of the SWF HIM workflow. Alongside each HIM dataset

or procesdncludedare statements outlining the potential for introducing einto the model

This is not an exhaustive list, but rather it highlights broad sources of error of most relevance to
the validation processlhe first three elements in the workflow relate to theodlchazard
component of the SWF HINbeing developed by CBHand are not considered in detail here
Validation analysis structurethe statementmto a series ofesearchyuestions which allowed
different aspects of the SWF HIM and the modelled impactsetoalidated. The questions
were answered by considering each case study event irRelgvant questions are highlighted

in bold next to each of the statements in Figute 8ome statements arddaessedy multiple
guestions.
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([ ) Statements of potential error introduction
Rainfall data - The rainfall datamay not have captured the
\ ] )y patterns of rainfall effectively@3)
( N - - -~ ~TTTTTTmTmTmTmTmTm T T T T T T
. . - Conversiorof rainfall to surface runoff may no
Giid-to-Grid runoff
be modelled effectively by G2Q3J)
\ [ ] J
( ) - Thresholdsused to assigilood return periods
Assessment of flood to ceII-s may not be representatn@@) .
return period - Floodingas a result of longer rainfall duration
may not be identified effectivel{Q3)
G J
e N\ - Flood mpacts may not be represented

effectively in the Impact Library due t
scope/accuracy oluUFMfSWdata or methods

Precalculated
Impact Library

based on used to identify potential impact@®l/ Q2)
uFMfSW data - Thresholdsused to score impacted celis the
\_ M y, Impact Libraryntroduce sensitivitfQ1l/ Q2

&/—/ >~ =z ; ——————————————————————————

Impact Process

\ I_l J
e

- Upscalingof 1 knt cellimpacts to county level
is subject to model threshold sensitivii4).

Output impacts
-1 kn'grid cells
- County level

\.

Figure 4.1. Current SWF HIM workflow and statements outlipioggntial issues. Each of the
statements relates to one or more research questions to be answered in the valitayisis.

1. How wellwere the observed impacts modelled by tHe8WF HIM?

The simulated forecast data provides a single SWF scenario bassdfalh 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 3.11) and interpreted manually cem impactby-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 acorrectly detected impacir an undetected olesved impactWhere 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 anatyssgdered 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?

9
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3. Impact Severity Is the severityevelthe same, or within 1 level?

I f the answer to al/l of t hese (ooeecttydatentsd wa s
impact I f any of the anwasenarked asreundetected abdervedt h e
impact Counts ofeach metricwere summarised for each case stutge probability of
Detection(PoD) was calculated against observed impacts to determine how well the observed
impacts have beamodelled

50 6 &1 1 BN QDO i
61 1 ODNXNQRE'Q'D D0 i YEQ'QO Q@O QIAAD & 0 |

ObservedOther/Communityimpacts were compared with tidaximumsummary layer. An
additional comparison was undertaken independenimpfct criteria, using theMaximum
summary layer against all of thbserved impact records.

2. Does the SWF HIM produce any false alaPms

For this sectionthe digitised observed impacts were summarisediirko? raster cells, where

the value of the cell is representasl an impact severitipr eachimpactcriteria Larger lines

and regions are represented as multiple cells. Where there are multiple impacts in a single cell
the highestimpact severitys retained as the cell value. The d®ked approach aligns with the
format and resolutiorof the Impact Libraryand 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 tabkel are calculated by consideringatches betweethe
observed and modet impacts, where matchaseagainbased orocation,impactcriteria, and
impactseverity £1).

The first part of the analysis is broken downitoypactcriteria, and is limited tampacts rated as
Significantand Severeonly. This is based on an assuiop that such impacts are newsworthy
enough to appear in the observempacts dataset Observationsthat are matched in the
modelledoutputare Correctly Modelledmpacts Impacts that are modelled but not observed
are False Alarms To assess the scalé Balse Alarms the cells where no observed impacts
occurred are evaluateohd a False Alarm Ra{EAR) is calculatedased on counts of cells

"OW ad Q01 @ i
6 €1 1 QuEOHANBAYD @ 0 {00 &b QD1 @ i

"00 'Y

The FARIs calculatedfor each impact criteria and (similar to question 1) a comparison of the
Maximum summary layer against all observed impacdher/Community impacts are not
included as aeparateategory as the SWF HIM de not aim to model thegapactexplicitly,

and this question concerns the effectiveness of the modelling.

The second part of the analysis breaks the comparison doimphgtseverity level.

To provide a broader accuracy measure, a Goodness dB¢H) (neasurement is calculated
based on counts cells and is expressed as:

6£1 1 QBDXNABR QD DO i

o O 6£1 1 QUEOHADBIR @ DO i "0 &b DT & i Y& QQ0O B dd TRAAND D DO i

where Correctly modelledimpacts False Alarms and Undetected observed impacgepresent
counts ofcell impacts that occupy Boxes A, B and C of Table Bateset al. (2005)applied
GoF measures to the modelled flooding for four UK test cases. Gudrvalues ranged from

1C

oY
e (
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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 ti@aF values in the region of 0.8 are calesied to be a good fit
(Bates and De Roo, 2000, Primteal.2015).

For this analysis, caution needs to be taken with the findindsnterpretation of resutlue to

the nature of the data and the impbased approach. Lack of completeness of the observed
impacts caused by undexporting or norspecific geographical locations suggests that lower
valuesof FARandGoF andare to be expected in this researahyéver the focus o8ignificant
andSeveregated impactas more newsworthghould provide more confidence.

3. If an observed impact is undetected based on locatiavhat was the reasof?

There aréawo mainreasons formUndetected observed imparhich areaddressed by question
3. Thereasos are visualised ithe flow diagram irFigure 4.2

A cell contains an observed impadiut is not modelled by the HIM

v v
Is any SWF modelled by G2G

! v

No Yes
v v
Reason 1No flood Reason 2There is ho impact represente
hazard is modelled in the Impact Library
A 4 A A 4
. Impact severity No intersection of
WAL LGP NS thresholds used | | uFMfSW flood
modelled within the o
to create the susceptibility
cell by G2G that car b .
e Impact Library mapping and
: grid layers are observed impacted
Impact
not exceede receptor

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

The first reasoffior a locationalUndetected observed impamtcursbecause of the modeily of

the flood hazard prior to the estimation of impactThis is a result athe 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 @Bri@and the range of rainfall
durations consideredn the SWF HIM, impacts are only modelled if a cell is identified as
flooded by G2G. Hencebserved impacts located outside of Gikddded cells could never be
modelled as impacts by the SWF HINMhis is considered as missdue tothe hazard, anis
assessed by omaringthe observed impacts against the G2God hazarddata. Counts of
observed impacts coinciding with GABoded cells are presentéds hits), broken down by
impact criteria, and a hitite calculated.

The second reason for a locationdhdetected observed impa a consequence of the
approach usedo create the Impact Libraryf an observed impact is not modelled, it is
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important to understand whether it could ever be modelledhéoySWF HIM Impact Library.
For this analysis, this is considered in two ways.

Firstly, the analysis lookat the modelled data, counting the humber of cells where flooding is
modelled by G2Gand is translated to a modelled impdalcat is equivalent to thimpact
observation(matched by impact criteria and severit§). Observed impacts are filtered to
remove polygons greater than 1%m

Secondly, the analysis compatbe Undetectedbbserved impactagainst 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 modellked.1 in 1000 data is used to
identify the potential for an observempact to be modelled by the SWF HIM, given an
optimum assessment of the S\Wazardby G2G.If the location of an observed impact does not
coincide with an equivalently impacted cell (matched by impact criteria and sew&Yity is

not possible for thtaparticular 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 ispact
flagged as ait. Hits are also identified where the observed impact severity isttess the
modelled severityto account for lower return periodsor some casedits and missesare
investigated further through interrogation of the uFMfSW and receptor data.

4. How do the county summaries compare?

The FFC have provided an interpretationtlod impactseverityat county level for each case
study event. This is compared with the modelled assessment of county impact produced by the
SWEF HIM using the simulatedhinfall data. Further validation is provided through analysis of

the larger observetegional impactdrom the KCL data This includes commentary on how
regional impact severities are broken downrbgactcriteria.

The ensemble forecast data is also used to produce outputs to inform the assessment of risk.
The 24 member ensemble prodaan assessment of the impact for each county, as an overall
assessment and broken down byfthe 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, tlemsemble datanalysis uses the
highest return periodéfor each memberjrom the full forecast period.Caution should be
appliedwhen comparing the ensemitdlased results with those from tsienuatedrainfall data

as tle formeris based on a forecast rather than a record of events.
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5 VALIDATION RESULTS

The following chapter presents results for each ofddee stug evens. Table 5.1 mvides
overview statistics for all case studies. The statisticgleseribed below anpresented in more
detail later in the chapter.

9 The Overall PoD values are the percentage of modelled impacts successfully matched
to observed impactsThePoD is providedfor matches where a match of impact criteria
is required, and for matches where a matcmpfctcriteria is not required.

1 The Overall FARIs the percentage of modelled impaetls not matched by observed
impacts.

1 The G2GHit rate rgortsthe percentageof observed impacts thate located in cells
modelledwith SWFby G2G.

1 The Potential IL Hit rate rangeresentghe percentage of observed impacts that could
have beemmodelledby the Impact Library givem favourableevaluation of the SWF
hazard The mange of percentages relates to the diffeqgetcentage produced by
different impact criteria.

1 The Rate of county matches reports the number of case study counties that were
modelled with an impact severity level edjto that observed by the FFC.

Table 51 shows that case study 1 presents the most compelling validation results, particularly in
terms of thePoDresults. 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.ln all cases, the Impact Library could havedelled the majority ¢ observed
impacts

Table 5.1 Summary statistics for all case studies.

Question 1 1 2 3 3 4
OverallPoD | OverallPoD
(impact (no impact
criteria criteria G2G | Potential | Rate of
Case match match Overall Hit | IL Hit Ratg county
Study required) required FAR Rate (range) | matches
1 64% 80% 65% 88% | 92-100% 20f2
2&3 0% 0% 100% 2% 67-100% 0of5
4 1% 4% 100% 4% 59-100% 0of3
5 0% 0% 100% 0% 100% 90f9
6 0% 0% - - 100% Oof3
7 0% 0% - - 100% Oofl
8 5% 6% - 6% 100% Oof4
(8 radar) 2% 2% 100% 3% - Oof4
9 0% 0% - - 100% 0of3
(9 radar) 33% 46% 0% 50% - 0of3
10 0% 0% - - 100% 0of3
(10 radar) 54% 7% 95% 85% - lof3
11 0% 0% - - 85-100% 1of6

For case studies 8 and 10 alternativeadardata was useth addition to theain 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 prosiodéd PoD
results o the rain gauge data, although the laogacts affecting Canvey Island are modelled
more effectively.
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5.1 CASE STUDY 1. 28™ JUNE 2012, NORTH EAST

Observed impact data was collected for two counties: Northumberland, and Tyne and Wear.
Figures5.1.1 and5.1.2 provide an overview of the observed impacts collected by KCL for case
study 1. The largest group of impacts observed fall intoStiigaificantseverity (49%), with

Minor impacts being the second most numerodit% of impacts (Figurb.1.1). TheTranspot

criteria includes the most observed impacts with 45% of all recorded impacts. 31% of impacts
are classified a®ther/Community

Figure 5.1.3 shows the observed impact data in the area of inter8gjnificant impacts
(Orange) include flooding of streefand houses, school closures, and road and rail transport
disruption. The twdSevereimpacts 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.

Recorded impacts

Minimal Minor Significant Severe
Impact Severity
Figure5.1.1. Breakdown of observed impacts by impact severity (case study 1)

90 ~
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30 -
20 -
10 -
0 -

Recorded impacts

Key Sites and Population Property Other/ Transport
Infrastructure Communities

Impact Criteria
Figure5.1.2. Breakdown of observed impacts by impact criteria (case study 1)
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Noxthumberiand

Holy Island

Impact Severity

Point locations
° Minimal
° Minor

©  Significant

~ ° Severe
O
/ Road/Rail
‘ Minimal
° .
bE Gy |- o Minor
—«‘,ﬁ" ° . g
%o" 1) Significant
8- i Severe
t TY"?iaad‘?\»Near Areas
o
(® 7 ini
o . - Minimal
Minor
Significant
.
0255 10 15 20 - Severe

Figure5.1.3. Observed im

ntains OS

| database right (2016

pacts in 'Név\/'éa'st‘le: upon Tyheﬁ area (case study 1)

Figure5.1.4 presents the maximum modelled impact severities &t kin& cell level and at the
summarised county level for the simulatadhfall data The largest density of impacts occurs in
Tyne and Wear and centres on the City of NewcagiterTyne. In Northumbrland, there are
localised clusters of impacts North of Newcastle, and to the West ndanthef Hexham.
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Figre 5.14. 1 knfmaximum modelled impacts (left) and county impacts (right) fBdagae
2012

1. How wellwere the observed impacts modelled lhe SWF HIM?PObservationbased
assessmerjt

Tables5.1.1 and 5.1.2 provide a comparison of the observed impacts against the modelled
impacts. Tablé&.1.1 reports an overalPoD of 64% when considering hitgithin eachimpact
criteria The PoD increases to 80% when considering matdnespective ofimpact criteria
(Table5.1.2).

Table 51.1. Overall summary of observed impact records against modelled data
(match ofimpactcriteria required

o Correctly Detected Undetected Observed
Impact Criteria PoD
Impacts Impacts
All 80 45 64%
Population 9 4 69%
Property 10 4 71%
Transport 33 30 52%
Key Sites and Infrastructur 0 1 0%
Other/ Community 28 6 82%
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Table 51.2. Overall summary of observed impact records against modelled data
(no impactcriteria match requirell

Impact Criteria Correctly Detected Undetected Observed PoD
Impacts Impacts
All 100 25 80%
Population 13 0 100%
Property 14 0 100%
Transport 44 19 70%
Key Sites and Infrastructur 1 0 100%
Other/ Community 28 6 82%

2. Does the SWF HIM produce any false alarrs8ll basedassessmenjt

Table 51.3 presentghe resultsof the FAR analysis by impact criterifor modelledimpacts

rated asSignificantor Severeonly (matching to +limpact severity. For this case studyhe

HIM produces more impacklls than are being observatithe scale of knfcell. However, it

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

Table 51.3. Summary ofmodelledmpactsrated as Significant or Seveagjainstobserved
impacts by impact criteria ¢ount ofcells)

Impact Criteria Correctly Modelled Impast | False Alarm FAR
Max vs. all observed 29 54 65%
Population 0 0 -

Property 1 16 94%
Transport 21 48 70%
Key Siteand Infrastructure 0 1 100%

Table5.14 presents=AR resultsby impact severity. Matchesare counted based olocation,
impact criteria and severity (x1). Th8ignificantseverity has the lowe$tAR The FAR for
Severecells are difficult to assess as there were no cells Sétrereobserved impacts included

in the analysis. This is because the 2 observed impacts raGsVexgare county level (Tyne
and Wear) and so have not been mapped to individual cells. Thiqisieates a limitation of
assessingeverampacts at the level of individual cell, but also highlights that such impacts are
commonly defined for severity by their widespread nature.

Table5.1.4. Summary ofmodelledmpacts againsbbserved impactdy impact severitycount

of cells)
Correctly Modelled| False Undetected
Severity Impacs Alarms | 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.
(Observation based)

Table 5.15 presents summary data comparing @R&®ded cells against the location of
n for locational misées

observed impacts. TH82G Hit Ratecolumnrelates to the first reaso

If an observed impact isindetected based on location, what was the reason?

no modelling of flood hazardby G2G. The high percentages presented (78%00%) 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 ingradiscated, and is

mostly covered by G2@ooded cells (Figure &.5).

0255

km

10 15 20

1
ca

Figure5.1.5. Coverage of GZ@odeiIéd fldbding 6‘\/erll\i:e\'/;v

stiponTyne

The final two columns in Tabl&.15 relate to the second reason for locational migses
impact represgted in thelmpact Library.In the cells where G2G models floodingetimpact
Library translates these impacts that are equivaletd the observationfor mostof the cells

92% of G2Gflooded cells produceda measurable impact,

withTransport and

Other/Communitieproducing thdowestIL Hit Rates(88% and91% respectively).
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Table5.1.5. Analysis of G2G cells against observed impacts

Reason 1: Missed by hazard? | Reason 2: Missed by impact
Observed | Observed impacts Observed impacts cells
impacts cellsflagged to flood | flagged to floochy G2QGhat
(count) by G2G 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%

Table5.1.6 maps the observed impacts against the 1 in 1000 Impact Library layassess
whethercells observed with impacts couglerbe modelled with the same impadi4ost of the
observed impacts could have been modelled by the Impact Lith#ryafesof 92% - 100%)
Only theTransportandOther/Communitiesriteria contained misses.

Table5.1.6. Comparison of observed impacts against the 1 in 1000 Impact Library layers.
ImpactCriteria 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 dothe county summaries compare?

Table5.1.7 presents county level data for the modelled impacts (matching théhagttimage
in Figure5.1.4) andthe observed impact$he SWF HIM outputs show consistency with the
observed severities graded by the FFC.

These results can be further validated using the KCL d&tete were three observed impacts

that cover the whole of Northumberland. The descriptions of these typically lack detail (e.qg.
Afaffected by floodingo), al t hfdhe gdses.tiralithreep or t at i
records, the observed impact is classifiedSamificant In Northumberland, there were four

records of localised impacts affecting ara@asBerwick-upontTweed, Blyth, Cramlington and

Seaton Delaval. All were observed awMinimal or Minor impactseverity and none contained

enough information for classification intme of thempact critera.

Tyne and Wear is a smaller county, but it is more densely populated. There were 38 observed
impacts across the county including localiseeports for the areas of Newcastle (12) and
Gateshead (4). The most extreme impacts reachHeevarelevel. These were related to the
widespread Metro closure across Newcastle. Elsewl@gmificantimpacts were observed
relating to key site and infrastcture closures and train delays. FurtMnor 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 serity of Significantand which was related to Fire and Rescue Service activities.

2C



OFFICIAL

Table5.1.8 shows the breakdown of courAswrel impacts by impaatriteria Thetable shows
the prominence of Transport and Property impacts as having a key roleowetiad picture of
risk in the region.

Table5.1.7. Countylevelsummary of impact

Northumberland Tyne & Wear
Impact Level Observed (FFC) Significant Severe
P Modelled (SWF HIM) Significant Severe

Table5.1.8 Countylevel summary of impact by criteria for simulatdiM data

Impact Criteria Northumberland| Tyne and Wear
Overall (maknmum criterig Significant Severe
Population Minimal Minor
Property Minor Significant
Key Sites and Infrastructur Minimal Minor
Transport Significant Severe

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

includes the countf ensemblenembes modelledwithin each impact severity category the

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

counties aresSevereComparing this to theéalfAWéadWdaser vati
provides a match, while Northumberlanaig by oneémpactlevel.

Table5.1.9. Count of @asemblanembes within each impact severity category by county

ImpactSeverityCategory 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 osimulated rainfall data for Englarsb modelled impact results are
produced nationally. Derby was the only other county to be classifiékasrefor impact
(largely due to property damage). Five other counties were classifgdracant(mainly due

to Transpor): West Midlands, Cumbai 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 analy$io(k package3, Phase Il report). This means
that a single&Seereimpacted cell will force the classification of the entire count$easgere
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5.2 CASE STUDIES 2 & 3.5-6"" JULY 2012, NORTH EAST AND EAST

ANGLIA
Figuresb.2.1and5.2.2provide an overview of the observed impacts collected by KCL for case
studies 2 and 3 hese case studies have been combined in the impacts analysis as the modelled
data is difficult to separate, and because the results of the modelled analysisuaggest that
splitting them wouldbffer different resultsThe majority of impacts collesd fall into theMinor
severity (64%), with none classified 8svere Transportis the most populated criteria (46%).
Other/Communitympacts is the ¥ highest (22%).

Figure 5.2.3illustrates 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.
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Figure5.2.1.Breakdown of observed impacts by impact sevéritge stuigts2 & 3)
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Figure5.2.2 Breakdown of observed impacts by impact critécése stuks2 & 3)
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Figure5.2.3 Observed impacts for case studies 2 & 3

Figure5.2.4presents the maximum modelled impact severities at kme cell level and at the
summarised county level for the simulated raindalla Observed impact data was collected for
the counties outlined irblue: Northumberland, Durham, Stockion-Tees, Norfolk and
Suffolk. The left panels of Figurg.2.4indicate vey few cells modelled with impacts, with only
a scattering oMinimal, Minor and Significantcells in the North East area. No impacts are
modelled in the South Eastern counties.






































































































































































































