o?h?ﬁuuit% resilience
to extreme weather

EPSRC Engineering and Physical Sciences

Research Coundil






CRELIS,

Community resilieﬂce
to extreme weather

Community Resilience to Extreme Weather
the CREW Project

Final Report

www.extremeweatherimpacts.net

Funded by EPSRM@hin the Adaptation and Resilience to a Changing Climate Coordination Network
(ARCC CNhe CREWrojectrepresents an ambitious, interdisciplinary programme of research
providinga transferable template to provide guidance in planning for adaptation and community
resilience to extreme weather eventstime metropolitan regions of the UK.

EPS RC Engineering and Physical Sciences
=2 JPLX~ Research Council




EPSRC Projects reported

This report constitutes the final project report for the followisiginterlinked ProgrammePackages

(PPs)togethercomprising the CREW project.

Research Projectitle

Principal PP

EPSRC Grant

Contact

Ref Number

Identification and assessment of coping Prof L Shao PP1  EP/F036442/1
measures for dealing with extreme weather
events
Community Resilience to Extreme Weather Prof KJones PP2  EP/F035861/1
events through improved local decision
making
EWESEM Sociceconomic model and Prof G Pryce PP3  EP/F037716/1
community impact simulators
SWERVE Severe Weather Events Risk and ProfH Fowledr PP4  EP/F037422/1
Vulnerability Estimator Dr S.Blenkinsoj
WISPt Weather impactWhat-IfCScenario Dr SHallett PP5 EP/F036817/1
Portal
CREW Projecta=ordination and Management Dr S Hallett PP6  EP/F036795/1
Newcastle
University Cranfield
Unlver51ty 2, DE MONTEORT
asgow gﬁl;'IEERRSITY
UNIVERSITY OF
EXETER
Coventry _cycL
University
‘ Loughborough “\ UNIVERSITYOF
University S AC BIRMINGHAM
[E& \/NWSWEEHAMPTON Mo e
;é)g University of Salford
s § A Greater Manchester University
Reportedition 2.0
arcc cn m Engineerr,ir&g and_IPhysicaI Sciences
e —— esearc ounci



Community Resilience to Extreme Weathe CREW
Project

Final Report

Contents
Glossary Of ADDIEVIALIONS. .........ciiiiiiiiiiiiiiee e s re e e e s s snnnnneeee s e e
EXECULIVE SUIMIMALY......eeiiiiiiiiiite ettt e e e e e e e e e e et e e e s e et e e e e e e e e e annnrneeaeeas 8
Chapter ONe. INTTOTUCTION.......ceeeiiiiiieiie e e e et e e e s s e e e e s e e e e e s snnnbr e e e e eeeeaanen 11
RETEIBNCES. ...ttt e et e et e e e e e re e e e 14
CREW FEPOIM SITUCTULR......iieeiiie e ee et e ettt e et e e e e et e e s e et e e e e e aa s e e e e ata e e e eeernneaaaes 15
Chapter Two. A Severe Weather Events Risk and Vulnerability Estimator (SWERVE)......... 16
OVBIVIEWL... ettt e oo ettt e e e ekttt e e o4 ek b ettt et e e e e e s bbb e e e e e e e e e nbb e e e e e e e e e annnnees 16
What are the issues that SWERVE has addressed?.........cccccooviiiiiiiiiiiiniiie e 16
How does this study relate to previous effgale asSESSMENtS2.......cccvvvvieeeeeeeiieeee, 17
How detailed is the hazard information provided by SWERVE?2...........cccooiviiiiiiiiiiiiieeenee, 17
How has SWERVE dealt with the uncertainty information provided by UKCRQ92.............. 17
What specific hazards has SWERVE considered?..........ccuvvieiiiiiiiiiiiieee e 18
Headling ChaNQES ... ... et e e e e e e e e e nneees 20
SUIMIMIBIY ettt ettt e et ettt e e e e e eeeaaaeaaaaeaaaasaaassaa e n s nnebeb bbb ne s sennneenees 25
Accessing the SWERVE Gala............oooooiiiiiieiee e e e e e e e e e e e a e e e e 26
ACKNOWIEAGEMENLS. ... ...ttt e e e e e et e eaaaaeaeeeeaaeeeaeeesaassaassasasssnnsanesseeerenrees 26
RETEIBNCES. ... et e et e et e e e et e e e 26
Chapter Three. Community Resilience to Extreme Weather events thinoygbved local decision
0T 1] o TSRO PPPPP PP 27
110 [0 ox i o] o F PP PPPUPPRRTR 27
Legislative Entanglements and Moving Policy Frameworks...........ccoooeioiiiiiiiiiiieeeeeeee. 28
LESSONS frOM HISTOMY. ... i i i e e e e e e e e e e e e e e e e ee e e e e e eeaeeees 28
The LocbAuthority Adaptation ECOIOQY. .......coiiiuiiiiiiiiiiiiiiiiiee e 29
AdaPLAtIoN AN TIME .. ..t e e s e e e e e bbb e e e e e s sanbbnreeeeeaans 30
DialogiCal AQPTALION. .........ueeiiiee ettt e e e e e e e e s e e e e s as 31
Stakeholder Interrelations: The idealised and #oUAL................oooeeiiiiiiiiiieees 31
THE SIME IMPACL. ....cc ittt e e et e e e e e e e e e e e e rn e e e e e e aannes 32



Existing risk and resilience PerCeplioNS..........c.uvviiieeiiiiiiieeee e 33

COPING MEASUIES. ....eeeieieiiiiiite it e e e e ettt e e e s e e e e e e e s s e e e e e e e e s s b e e e e e e e e s aanenn e e e e e e e annnnnneeeas 33
HOUSENOIAS. ... e e e e 35
Interconnections andinterdepPendencCies.............ooi i a e 35

FINAINGS 1ttt a e e e e e e e e e 36
Community Resilience RiSK ASSESSMIENL . ........ueuiiiiiiiiiiiieiiee e e e 36
ACKNOWIEAGEIMENTS. ...t e e r e e e e e e e e e e e nnees 38
RETEIEINCES....ceeeee et e e et e e e e e e r e e e e s e nnnrn e e e s 38

Chapter Four. An ExtremWeather Event SociBconomic Model (EWSEM) to identify the Social and

Economic Impacts of Climate Change...........uuuiiuiiiiiiieiiiiiieeeee e 39
OVBIVIEWL... ettt e oo ekttt e e e ettt e e o4 e s s b ettt e e e e e s st e e e et e e e e e annsb e e e e e e e e ennnrees 39
What is the Purpose of the EWESEM MOAELS2..........ooooiiiiiiiiiiiieiieeeee e 40
Why House Prices and EMPIOYMENL?..........uuviiiiiiieiiiiriieieecieeeeieeieeeeeeeeeeeeeeeennennssss s 40
Challenge 1: Understanding the Effects of Long Term Incra@abésod Risk...........cccvevveeeen 41
Challenge 2: Accounting for Agglomeration Economies and Other Spatial Spillovers.......43
Challenge 3: Modelling Interactions Between SEeCLQIS...........uvuviiiiiiiiieiiiiiiiiiieeeeeeee e 45
Challenge 4: Understanding the Behavioural Response to Flood RisK.....................ooo. a7
Conclusion and Policy IMPHCALIONS...........coiiiiiiiiiiiiie e 48

Challenges and AChIEVEMENLS........coovviiiiiiiiiieee e 48
POICY IMPIICALIONS ....eeiiiieeieeeiiee e e e e e e e e e e e e e e e e e e e 49
ACKNOWIEAGEMENLS. ... ..ttt e e et e et e e aaaaaaeeeeaaeeaaseesaassaaasasansansasrssensrennees Bl
RETEIEINCES. ...ttt e e e et e e e e e e bbb e et e e e e e nnnrneeeeas 51

Chapter Five. The identification and assesshoéicoping measures for extreme weather events

Adapting UK dwellings to reduce overheating during heat Waves............ccccccvvvvvvvveveeveeeeeeeens. 52
OVBIVIBWL... ettt etttk ettt e £ ekt e e sttt oo a bttt e ek e e e e e e ab e e e e st e e e e nb e e e e aannreeeaas 52
2T Tod (o | (0 11 ] o PSPPSR 53
Y171 oTe (o] o VAR PP PRTP PP 53
Overheating expsure of various building tYPeS.........ccoeviiiiiiiiiiiii e 53
Ranking of single adaptation MEASUIES...........ccouiiiiiiiiiieie e e e e e 54

Behavioural adaptations.........cccccoceeiiiiiiiiiie et e e e e e e e e e e e e e e e e e e e e e e e e e e 55
105U F=1 o] o PP PPRRRR 55
N {=Tod o B0 ToT ot U] o = g o3 Y 2SRRI 55
Combined adaptation MEASUIES. .........oiuuiiiiiee ittt e e et e e e s e e e e e e e e nneees 56
Tier 1 dwelling types (serdietached, terraced and ground floor flats).............cccvvvveveeeeee. 56



Tier 2 dwelling types (top floor flat and 2006 detached houSE)............coovviiiiieeieeiiiiiinnnn 57

The retrofit advice WeD tOOIKIL. .............uiiiiieii e 58
Importance of integrating adaptation with mitigatian..................ccccccicciiiieeeee e, 60
F o [0 1T/ [=Te [ T=T 41T £ PP 6l
PUBICALIONS......eeee etk e e e st e e e s e e 61

Chapter Six. A Whdt Scenario Portal (WISP)the development of a welbased portal for

supporting community resilience to extreme weather eVENLS...........c.coovviiiieieeen i 62
OVBIVIBWL. ...ttt ettt et e ekt e e a et ook e e e e e e i e e e e st e e e e e eab e e e e s annreeenas 62
T To [FTot i o] o DO P TP TP PPPPPPPRRIO 62
Capturing Stakadlder VIBWS...........cooi oo e e e e e e e e e e e e e e e e s e e e 63
WISP deSIgN @PPIOACKL.....eeiiiiiiiiee et e e e e e s e e e e e e 65
Tools for Decision makers and SMES............ooiii i 67

Integrated RISK TOQLS..........ooviiiii e e e e e e aaaaae e 67
Flood Management TOOIS..........ooo i a e e e e e e e e e e e e e e e e e 72
WaterResource management TOOIS.......coooiiiiiiiiiiiiitri e e e e e e e e e e e e e e e e e e e e e e 73
Property Value TOOIS. ......cooiiiiiiiie ettt e e e e e 14
HEAL WAVE TOOIS ...ttt e et e e e e s e e e e e e annnee s 75
TOOIS TOr HOMEOWNEIS. .....eeiiiiiiiiiiiiiieee et e e s e e e e s snnnneeeeessasnnnnneeeesssnnend 1
Integrated RISK TOQLS..........ooviiiiiee e e e e e e e e e e e e e e e 17
Propety ValUE TOOIS......uuuiiiiiiiiiiiiiiieeieee ettt eeeeees 78
LESSONS IEAIMEM. ...ttt e e e s e e e snee d O
Presentation of Spatial data...........cooiuuuiiiiiiiiii e 78
Hazard specific tNreShOIS.............uiiiiie e 80
CombinNiNg MUILIPIE FISKS......eeiiiiiiii e 81
INETWOTK OF TISK. ...ttt e e et e e e e 81
Stakeholder feedDACK.............ooo 82
(O] [ 11 ] o] o H PP PP 82
ACKNOWIEAGEIMENLS......eiiieiiiiiiie ittt e e e e et e e e e e s st b e e e e e e e nnnnreeeas 83
RETEIEINCES. ...ttt e et e e e e e st e e e e e e s e nenreeee e 83

Chapter Seven. CREProject Governance and CoordinatiQn..............ccooccvevvuniniiiiiniieniieeeeeee. 84
CREW AQVISONY BOAIM. .. ..ottt e e et e e e e e e e e e e e e e e aaaaaaaaeaaeens 84
ACKNOWIEAGEMENLS. ...ttt e et e et e e e e e e e e e e e e e e e e e e e e e s aa s s e e e aa e nnnnenneeneneeennes 84

Chapter Eight. Stakeholder ReportResponses to0 CREW.............cccvviiiiieeieeniiiiiieee e 85
Key messages from CREM..........ooi e e e e e e e e e e e e s e e n s a e 85



How touse the CREW MeSSAJES IN PraCCE. ......cccviiuiiiiiiieeeeiiiiie e e e e e e e e 85

Further needs to make outputs more relevant to users and informing emerging user requiement

............................................................................................................................................ 85
Opportunities and requirements for your sector for the use of CREW outputs.................... 86
Who to involve in effectively implementing reSURS?..........oociiiiiiiiiiii e 86
Further action for diSSEMINATION.........ccoiiiiiiiiii e e e e e e e e eaaes 86

Chapter Nine. CREW CONCIUSIONS. .....cciiiiiiiiiiiiti ettt e e e e e e e e ane 87
RETEIBNCES. ... ittt e e e e e 89
YNl [0 11T/ [=Te [0 [T 1= £ PPPPPRPPRRRRS 90
Finding out More about CRENM.........ccciiiiiiieree e e e e e e e e e e e e e e e e e e e e e e e s s e e e e nnnnanes 90
Appendix One Terminology and DefinitioNS............ooiuiiiiiiiiiiiiie e 91
(70T { I =T 0 PP UPTPUPUPRPPPTPPR 91
Other REIEVANT TOIMIS. .....iiiiiiiiieiiii ettt ettt et e e e s e e e s anneeees 93
RETEIBNCES. ...ttt e e et e e e e b e e e e eanes 99
Appendix Twa Outputs and Impacts from CREW...........ccveviiiiiiiiiiiieeeeeeeeee 100



Glossary of Abbreviations
The followingusefulabbreviations are adopted:

Abbreviation Definition

API Application Programming Interface

CEC Commission of the European Communities

CESP Community Energy Savings Programme

CMS Content Management System

CREW Community Resilience to Extreme Weather

Ccsv CommaSeparated Variable

EAC Environmental Audit Committee (House of Commons)

ED EnumerationDistrict

EDINA A JISC National Data Centre based at the University of
Edinburgh

EPSRC Engineering and Physical Sciences Research Council

EWE Extreme Weather Event

EWESEM Extreme Weather Event Soditzonomic Model

GDAL Geospatial Data Abstractidribrary

GHG Greenhouse Gas

GIS Geographical Information System

GLA Greater London Authority

GOR Government Office Region

IBH Inter-Borough Hotspot

IDW Inverse Distance Weighting

IMD Index of Multiple Deprivation

IPCC Intergovernmental Panel o@limate Change

JISC Joint Information Systems Committee

KDE Kernel Density Estimation

LCCP London Climate Change Partnership

LCLIP Local Climate Impacts Profile

LSOA Lower level Super Output Area

MAUP Modifiable Areal Unit Problem

NI Nationallndicator

NPD Natural Perils Directory

NSRI National Soil Resources Institute

PSMD Potential Soil Moisture Deficit

SELRZ SouthEast London Resilience Zone

SIMV Single Index of Multiple Vulnerability

SME Small and MediurSized Enterprise

SSWELL Shrink and Swell

SWERVE Severe Weather Events Risk and Vulnerability Estimator

UFS Underground Foundation Stability

UHI Urban Heat Island

UKCIP UK Climate Impacts Programme

UKCP09 UK Climate Projections (2009)

UNFCCC United Nations Frameworkonvention on Climate Change

WISP W2 KIEEHQ { OSYI NR2 t 2NIt €

Further definitions and terms are presented in Appendix One.



Executive Summary

Community Reséince to Extreme Weather (CREWjsnanEngineering and Physical Sciences
Research CouncEPSR&unded research projeathich stretchedor four yearsdrom 2008 to the
final general assembly in November 204athd wasestablished to develop a set of tools for
improving the capacity for resilience of local communities to the impaatsiwént andfuture
extreme weather events. Taking a case study of five smagH ondon boroughs, CREW investigated
locaHevel impacts on householdersmall and mediunsized enterprisesSME$and local
policy/decision makerffom a range of hazardsssociated with extreme weather events (EWES),
including flooding, subsidenckeat waves, wind storns and drought. Th&€ REWesearch
investigatedthe potential future changes in thedwzardsthe impedimentgo and drivers of
changeand the consequenbpportunities and limitations for local communiti@daptive capacity
This was undertaken througtonsideation ofdecision making processes acrfige local authority
areas in Londono the south of the River Thames, namely Croydon, Bromley, Lewisheean®ich,
andBexlep ! & | aiGdzReé I NBIX (KSASad2NRzRRY QB YRINAZFO
(SELRZTheSELRZrea is of economic significance and part of the strategic London Plan, which
states that the effects of climate changbhould beincorporated into the development of the 55,000
additional homes and 100,000 new jobs planned up to 282€et of wekbased mapping and
information toolswere develope® dzNA&A y 3/ w 9usify Statéofitie-SraBWIE ¥ind hazard
modelling methods t@resentcurrent and potential future hazards for a rangefuture scenarios
from the UK Climate Projections (UKCR®)rther to these, #ool for the evaluation of
coping/adaptation mechanismsas also provided.

CREW comprised a consortium of resbars drawn fom 14 Universities and was established to:

w gain a better understanding of the impacts of extreme weather events (current and future)
on local communities, based on three community groups: householders, SMEs and decision
makers;

w integrate social and physitresearch to develop an improved understanding of risk from
EWEs at the community level,

w study the complex interelationships between community groups in order to improke
understanding of risks, vulnerabilities, barriers and drivers that affecteb#ience of a local
community to extreme weather events;

w quantify and rank a number of technical and adaptive coping measures for reducing
vulnerability tothe extreme weathereffects ofheat waves;

w develop webbased information dissemination tools faitégrating the project outputs
deliveingmaps, reports and guidance on impacts and resilience measures for extreme
weather.

CREW focussed on understanding filegjuency and magnitudef current and futuréhazardsand
their likely socieeconomic impacts. Initiatives, such as the Stern Réeytead previouslyprovided
highlevel socieeconomic impactsbut had not providel subregional or local estimates pertinent at
the community and individual scale. Thereforeg @REW consortium sought to investigatesi
impacts at the local levein householders, SMEs and local policy/decision makerssideringhe
opportunities and limitations for local communit@sdaptive capacityWithin the case study area,

! Sten, N. (2006). Stern Review ohelEconomics of Climate Change. HM Treasury, Loh8Bi 0
521-700809.



CREWoughtto consider thecommunity-scaledecision making processasplay,includingthe
impediments and drivers of changehe CREWeb-based portal was designed support decision
making processes lproviding a facilitywith whichto explore the potential haardsfor a range of
future climates andto evaluat different coping mechanismis building design to addresse
specific hazard, that dfeat waves.

The CREW projebasrepresented a significant body of academic research, drawn across a number
of colldboratingNB & S| NOK (SFyYad ¢KS LINRP2SOG s6Fa 2NHIFYyAaSR
whichare reported heretogether with their specific research outcomes and conclusions.

This report is submitted dke finalproject and stakeholdereport of the EPSRGnded research
programme2ommunity Resilience to Extreme Weath@REW Proje@Crew was part of the
Adaptation and Resilience to a Changing Climate Coordination Network (ARCC CN)



CREW Researchers
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Coordinator:Hallett, S.H.
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Core esearch teamAli, FM.M, Baker, C Barr, S.Berryman, F.BingulngirigeBovolo,l., Burton, A.,
Chen, A.Chen, Y Cotton, |.,Davies, M.5 2 2 NREaghiiak, CEmberson, CFew, R.Ford, A.,

Goodier, C.Harvey, H.Mullins, A. Porritt, S. Proverbs, DQuinn, J.Rayner, ARose, C.BSimms,
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impliedrepresentations or warranty as to:

(i) the quality or fitness for any particular purpose of the reportontentsor of any design, workmanship, materials or parts used in
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conditions, warranties and other terms which might otherwise be implied (whether by common law, by statute aviet)er

The CREW Consortiyits respective institutions oemployees, servants and agents shall accept no liability for any damage caused

directly or indirectly by the use of any information contained herein and without prejudice to the generality afégoing, by any
inaccuracies, defects or omissions in the reportsartentsprovided.
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Chapter One. Introduction
Community Resilience to Extreme
Weather (CREW)as an EPSRGnded
research project, estaishedin 2008to
developa set oftools for improving the
capacity for resilience of local
communities to the impacts of future
and futureextreme weather eventdt
comprises a series of linked projects
forming a broad consortium of som®4
researchers, drawn across 14
UniversitiesThe research focussed
upon acase studyareaof five local
authoritiesin Londonto the south of
the River Thames, namely Croydon,
Bromley, Lewisham, Greenwich, and Bexkey a study area, these boroughs codp (i KS W{ 2 dzi K
9rad [2YyR2Yy wSaAiTheBE RADA is bi 2opridfic sighifbdnoe @nd Part of the

strategic London Plan (Mayor of London, 2008), which states that the effects of climate change

should beincorporated into the development of the5,000 additional homes and 100,000 new jobs

planned up to 2026CREW was established to gain a better understanding of the effects of future

climate change on extreme weather events and associated hazards, and to develop a range of tools

for improving l@alcommunity resiliencePreviousinitiatives, such as the Stern RevigBtern,

2006) had considered higlevel socieeconomic impacts, but had not addressed gebional or

local estimates pertinent at the community and individual scale.
The CREW resedr therefore sought to address the needs of a
range of key beneficiaries and stakeholders including: (1) decisi
makers for community resilience; (2) property owners and

associations, and (4) the research community.
CREWonsequentlyinvestigaed observed and potentidbcaltlevel :o;" i
impacts on householders, SMEs and local policy/decision makerl"
from a range okxtreme weathesrelated hazards including :
flooding, subsidencéheat waves, wind storns and drought. The

local communitieSadaptive capacity, considering the decision - o
making processes across communities éme impediments and  atham .% ‘f o
| :

drivers ofsocietalchange. A welportal, www.extremeweather '\",{ -a;;:iz’se S T
impacts.net provides projections of potential hazard occurrence - g reos A
for a range ofuture scenarios fronJK Climate Preftions 5 f’j \ % ﬁsﬁ" o
(UKCPOpfor the near to mid-21% century, together wih /’ 3 -
evaluatiors of coping mechanismi®r building design in addressing * ~ “ NP

the adverseeffects ofheat waves.
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