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Preface

Forthefirsttimeinhumanhistorymorepeopleliveincitiesthaninrural
areas.TheUnitedNationsexpects6.3billionpeopleor68%ofthe
world’spopulationtobelivinginurbanareasby2050,withthehighest
increaseoccurringinhighgrowthmarkets.Manyofthesecitiesare
locatedonthecoastandarethreatenedbyfloods,storms,earthquakes
andothernaturalhazards.

Thevibrancyofthesecitiesisakeydriverforeconomicdevelopment.
However,thegrowingconcentrationofpeople,assetsandinfrastructure
alsomeansthatthelosspotentialinurbanareasishighandrising.
Atthesametimethegapbetweeneconomicandinsuredlossesislarge
becauseinsurancepenetrationisrelativelylowandcityinfrastructure
oftennotinsuredatall.Anotherreasonisthattheriskexposurefacedby
theworld’smetropolitanareasremainsunderexplored,largelyduetothe
lackofdetailedhazardinformationandpoordataquality.

Thispublicationseekstoaddressthisknowledgedeficitbyproviding
acomprehensiveanalysisofnaturaldisasterriskinlocationsaroundthe
world.BasedonSwissRe’sriskmodellingexpertiseandthelatest
hazardinformationfromourCatNet®tool,itfocusesonthemostsevere
naturaldisastersconfronting616oftheworld’slargesturbanareas
andassessesthepotentialimpacttheyhaveonlocalresidentsandthe
widereconomy.

Weknowfrompasteventsthatphysicalpreventionmeasuresalone
donotsufficetobuildaresilientcity,sincedamagefromthemostsevere
catastrophescannotbefullyaverted.Animportantpartofresilienceis
howwellurbansocietiesareabletocopewiththefinancialconsequences
ofadisaster,whichincludesaccesstotherequisitefundingforrelief,
recoveryandreconstruction.SwissRecanofferrisktransfersolutions
thathelpbridgethegapbetweeneconomicandinsuredlossesand
reducethefinancialburdenonlocalcommunities.

Wehopethefindingsofthisstudywillgivefreshimpetustotheglobal
debateaboutstrengtheningtheresilienceofcitiesandencourage
governments,citizensandtheinsuranceindustrytotakecollectiveaction
tomitigatetherisksfacedbyurbancommunitiesaroundtheworld.

Matthias Weber
GroupChiefUnderwritingOfficer
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New Orleans under water after severe flooding caused by Hurricane Katrina in August 2005. Total damage amounted to USD 108 billion, 
the costliest natural disaster in US history.
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PartI–Introduction

Citiesatrisk:anintroduction

HurricaneSandyhitNewYorkCityafter
makinglandfallinNewJerseyinthe
eveninghoursofMonday,29October
2012.Sandyshowedushowsusceptible
modernsocietiesandmetropolitanareas
aretotheimpactofnaturalcatastrophes.
AcrosstheeasternseaboardoftheUnited
States,thehurricanekilled72peoplein
eightStatesandcausedUSD68billionin
damage.InNewYorkState,48people
losttheirlivesandover300000homes
weredestroyed.Besidesthesecasualties,
thestorminundateddozensoftunnels
andsubwaystations.Evenresidentsof
neighbourhoodsnotdirectlyaffected
wereunabletogettowork.Consequent-
ly,shortlyafterthestorm,NewYorkGov-
ernorAndrewCuomoconvenedtheNYS
2100Commissiontoproviderecommen-
dationsforamoreresilientNewYork.

Initswake,Sandyleft8.5millionpeople
withoutelectricityacrosstheTri-State
area.1Scoresofresidents,companiesand
localauthoritieshadtowaitforweeks
togettheirpowerback.TheNewYork
StockExchangeclosedtradingfortwofull
days,airlinescancelledmorethan12000
flightsandabout70%ofallEastCoastoil
refinerieswereshutdown.Gasstations
acrosstheregionstayedclosedfordays.

Theeventnotonlygeneratedenormous
reconstructioncostsforthecity.Italso
hadasignificantimpactontheUSecono-
mysincethemetropolitanareaofNew
Yorkproducesabout8%ofthenation’s
totaleconomicoutput.WhileHurricane
Sandylaidbarethedisasterriskfacedby
aworldcitylikeNewYork,itisworthnot-
ingthatSandywaslittlemorethanan

averagestormwhenmeasuredinterms
ofwindforce.Bearinginmindthat
NewYorkisnotamongthecitiesmost
exposedtonaturaldisasters,weare
remindedofthefactthatthingscouldget
alotworsewhenthenextmajorhurri-
canehits.

Citiesaretightlywovenintotheglobal
risklandscapebecausetheyarehighly
interconnectedandintegratedinaglobal,
digitisedeconomy.Perhapsmorethan
anything,Sandyshowedushowvulnera-
bleourcitiesare,andhowfastabreak-
downofcriticalinfrastructurecanhappen,
particularlyinareaswithahighconcen-
trationofpeopleandproperties.Thisis
whytheneedfordisastermanagementis
nowheremoreurgentthanintheworld’s
sprawlingurbancentres.

Whilenaturalcatastrophescausedaver-
ageeconomiclossesofUSD60–100bil-
lionannually,asinglelarge-scaledisaster
intheheartofabigmetropolitancentre
cansurpassthisfiguresignificantly.2Re-
centeventsshowedhowrealtherisk
isinsomeoftheworld’smostpopulated
regions.WithanestimatedUSD210
to300billionintotaleconomiclosses,
the2011Tohokuearthquakealongthe
northeasternseaboardofJapanwasthe
costliestcatastropheever.Flooding
aroundBangkok,Thailand,inthesame
yearbrokeanewrecordforbeingthe
mostexpensivefreshwaterfloodinhistory,
causingUSD47billionineconomiclosses.

Rapidgrowththatoutpacesplanning,flaws
inzoninglawsandconstructionfailures
canallexacerbatetheriskofnaturalhaz-
ardstourbancommunities.Whenan
eventdoesoccurinsuchcircumstances,
itdrivesupthecostsfordisasterrecov-
eryandincreasestheburdenonpublic
budgets.Allofthiscombinedraises
thepressureoncityauthoritiestoprovide
serviceswhichnotonlymakeurban
communitiesfunctionmoresmoothlybut
alsomakethemmoreresilientwhena
disasterstrikes.Understandingtherisks
facedbycitiesisanecessaryfirststepto
betterpreparethemforfuturecatastrophes.

Theimpactofanaturaldisasterinadensely
populatedareacanbecatastrophic.Thisis
whydisasterplanningisnowheremore
urgentthanintheworld’sbigurbancentres.

1Source:http://news.msn.com/us/new-york-new-jersey-put-dollar71b-price-tag-on-sandy

2sigmaNo2/2013:Naturalcatastrophesandman-madedisastersin2012
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Riskanalysisof616metropolitan
areas

Theworld’sbigandsprawlingcitiesare
centresofeconomicactivityandgrowth.
Butmanyofthemarealsohighlyexposed
tonaturalhazards.Asmorepeoplemove
tothecitiesandbusinessesinvestintheir
localeconomy,morelivesandassets
concentrateindisaster-proneareas.By
2050,thenumberofpeopleresiding
incitieswillhavereached6.3billion,ac-
cordingtotheUnitedNations.Strength-
eningtheresilienceofthesecommunities
isthereforebecomingamatterofurgency.

Toassesstheriskexposurefacedbyurban
populationsaroundtheworld,weinvesti-
gatedthelosspotentialof616major
metropolitanareasusingSwissRe’spro-
prietaryhazarddataonfiveperils:earth-
quake,storm,stormsurge,tsunamiand
riverflood.Wechosethelargesturban
agglomerationsbasedonthemostrecent
populationdataandidentifiedcitylimits,
includingcityoutskirtsandcommuter
towns,usingsatellitedata.These616
urbanareasarehometoabout1.7billion
people,roughly25%oftheworld’stotal
population,andcoverUSD34000billion
orabout50%oftheglobalGDP.3Ofthese
metropolitanregions334arelocatedin
Asia/Oceania,90inEurope,83inNorth
America,60inAfricaand49inSouth
America.

BasedonhazarddatafromSwissRe’s
CatNet®wedevisedariskscenario
perperilforeachmetropolitanarea.We
focusedonrarecatastrophes:ahurricane
withwindssubstantiallystrongerthan
Sandyoratsunamisimilartotheonetrig-
geredbytheTohokuearthquakeinJapan.
Statistically,acitywouldbehitbysuch
aneventonceeveryfewhundredyearsor
less.Atthislevelofintensity,protection
measurestypicallyfailbecausetheforce
ofthedisasterexceedstheimpact
anticipatedbylocalbuildingcodesand
protectionmeasures.

Thehumanandeconomictollofan
eventlikethiscanbeenormous.Toshow
theeffectsanaturaldisastercanhave
onametropolitanareaandtheeconomy,
weconsideredtwoindicators:thesize
oftheurbanpopulationthatcouldbehit
byoneormorenaturalperils(index
ofpeoplepotentiallyaffected)andthe
impactthiscanhaveonthelocaland
nationaleconomy(indexofthevalueof
workingdayslost).

Citiesarecentresofeconomicactivityand
growth.Asmorepeoplemovetothecities
andbusinessesinvestlocally,morelivesand
assetsconcentrateindisaster-proneareas.

3UnitedNationsDepartmentofEconomicandSocialAffairs/PopulationDivision,
WorldUrbanizationProspects:The2011Revision
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Forthepopulationindex,wecalculated
theeffectsoncityresidentsusing
detaileddataonpopulationdistribution
andhazardvulnerabilityestimatesfor
allrelevantperils.Ourdefinitionof“people
potentiallyaffected”comprisesfatalities,
injuriesandevacuations.Italsoincludes
peoplewhosehomesweredamagedand
whowereunabletoaccesstheirwork-
place.

Fortheeconomicindex,weassessed
thecostsoflargenaturalcatastrophesin
termsoflosteconomicproductionor
thevalueofworkingdayslost.Thisesti-
mateapproximatesthetimeduringwhich

affectedresidentswouldbeunabletogo
toworkintheeventofadisasterandthe
costsresultingfromlostoutput.4Thedefi-
nitiondoesnotincludesecondaryeffects,
suchaspoweroutagesorinterruption
oftrafficlines.OurassessmentofthePearl
RiverDeltainChinaprovidesapractical
explanationofhowweusedthismethod-
ology(seepages8–9).

Asetofriskparametersguidedour
analysis:thegeographicareaaffectedby
astorm,flood,earthquakeortsunami
andtheintensityusedtoassesstheimpact
ofeachperil(table1).

Table 1: Assumptions used to calculate exposed metropolitan area by city and peril

Scenario
Assumedaffectedarea
percity

Intensityparameterforimpact
assessment

Storm
(Winterstorm,tropicalcyclone)

Fullarea Peakgustwindspeed

Stormsurge





Reducedarea
(lowlyingcoastalareas)




Coastalfloodriskzones,in
combinationwithsimplified
factorsforbathymetry,
coastalmorphology,estuarine
conditions,peakgustwind
speedandangleoflandfall

Riverflood Reducedarea Variableintensityperflood
riskzone

Earthquake


Fullarea


Peakgroundacceleration
andpotentialforseismic
waveamplification

Tsunami





Reducedarea
(lowlyingcoastalareas)




Coastalfloodriskzones,
incombinationwithsimplified
factorsforbathymetry,
coastalmorphology,estuarine
conditionsandregionalsea
quakerisk

4WorkingdayslosthererevealafractionoftheGDP/capitawhichisnotbeingproducedintheshortterm
duetotheevent.Weaccountfortheeconomicimportanceofthemetropolitanareasandbuildworking
assumptionsbasedonvariouspubliclyavailablesources;countryGDP-dataisbasedonOxfordEconomics.
ForareaswithoutinformationonarespectivecityGDP/capita,weusemultipliersonthecountryGDP/capita.
ThesemultipliersaretailoredtotheWordBankcountryclassifications.
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Ourapproachinfocus:Example
PearlRiverDelta,China

ThePearlRiverDeltaisadenselypop-
ulatedmetropolitanareathatishome
tomorethan42millioninhabitants.
Coveringaterritoryofsome20600
squarekilometres,itcomprisestheur-
bandistrictsofHongKong,Shenzhen,
Dongguan,MacauandGuangzhou.
TheregionisoneofChina’smaineco-
nomiccentres,withanestimated
GDPofUSD690billion.Itsaverage
GDPpercapitaismuchhigherthan
thenationalaverage.

Perils affecting Pearl River Delta
Themapsonpage9(fig.1.1to1.4)
showthemetropolitanareaofthe
PearlRiverDelta,localpopulationden-
sityandfourperils:typhoon-related
stormhazard,riverandcoastalflood
zones,andearthquakeintensity.

Population potentially affected
Inafirststep,weoverlaidpopulation
datawithourhazardandvulnerability
informationpresentedinCatNet®and
identifiedthenumberofpeopleatrisk
fromeachperil.Weusedtheresult
togloballyrankall616cities.Duetoits
highexposureandthegreatnumber
ofresidents,thePearlRiverDeltaranks
numberoneamongallmetropolitan
areaswhenlookingattheabsolute
numberofpeoplepotentiallyaffected

bystorm,stormsurgeandriverflood
(seetable2).Theareadoesnotfeature
intheearthquakerankingsbecause
theearthquakeriskisalmostinexistent.
Duetoanactivesubductionzone
alongthePhilippinestrenchseveral
hundredkilometresaway,thereis
someprobabilityofatsunamihitting
thearea,butitisrelativelylow.Since
theareaisverylarge,thepicture
changeswhenlookingatthepercent-
ageofpeoplepotentiallyaffected
ratherthanabsolutenumbers.

Index of working days lost
Inasecondstep,wecalculatedthe
potentialeconomicvalueofworking
dayslost–orthetotalGDPvalue
foralldaysduringwhichacertainper-
centageofthepopulationcannotgo
towork.Again,wecomparedittothe
other615metropolitanareas.Inthis
respect,thePearlRiverareaisranked
highestforstormsurge,thirdforwind
behindTokyo-YokohamaandOsaka-
Kobe,andfifthforriverfloodafterTo-
kyo-Yokohama,Nagoya,Osaka-Kobe
andParis.Thevalueofworkingdays
lostcouldreachuptoalowtwo-dig-
itbillionUSDfigureforastrongty-
phoon–andisthereforeintherange
of1–2percentoftheregion’sannual
GDP.Duetoourgeneralapproach,
however,wedecidednottoprovide
specificGDPvaluesandinstead
developedarankingofall616cities.

Table 2:  
Results and global rankings for the Pearl River Delta with a population  
of approximately 42 million

Perilscenario



Population
potentially
affectedin
mn(absolute
numbers)

Rankpopula-
tionpotentially
affected
(absolute
numbers)

Population
potentially
affectedin%
ofmetroarea
population

Rankvalue
ofworkingdays
lost
(globalindex)


Storm 17.2 1 41 3
Stormsurge 5.3 1 12 1
Riverflood 12.0 1 28 5
Earthquake – – – –
Tsunami – – – –

ThePearlRiverDelta
isadenselypopulated
metropolitanarea
comprisingHong
KongandGuangzhou.
Situatedinoneofthe
world’smostdisaster-
proneregions,floods
andtyphoonsput
morepeopleatrisk
thaninanyother
metropolitanareain
theworld.
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Figure 1.1:
Populationdensity,PearlRiverDelta,Asia
Source:EastviewLandScan2011™

Figure 1.3:
Riverfloodriskzones,PearlRiverDelta,Asia
Source:SwissReGlobalFloodZones™

All figures based on:
©GfkGeoMarketingMapEditionWorld/Imagery:©2013ESRI,i-cubed,GeoEye

Figure 1.2:  
Tropicalcyclonetracksandcoastalfloodzones,PearlRiverDelta,Asia
Source:Unisys/trackset,SwissRe

Figure 1.4:
Earthquakerisk,PearlRiverArea,Asia
Source:GSHAP

Pearl River Delta: population at risk from multiple perils
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Roads in the North Bangkok Business District are submerged in floodwaters in November 2011 after heavy rainfall during the annual 
monsoon season. The Thailand flood of 2011 cost the insurance industry USD 15 billion, the largest insured fresh water flood loss ever.
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PartII–Globalfindings

Peoplepotentiallyaffected–
aglobalranking

Someoftheworld’sfastest-growingmet-
ropolitanareasaresituatedalongChina’s
coastlines,suchasthePearlRiverDelta
andShanghai.Besidesbeingexposedto
frequenttropicalcyclonesandstorm
surges,manycitiesintheregionarealso
locatedinzonesofhighseismicactivity,
includingTokyo,TaipeiandManila.

Whenlookingattheirexposuretonatural
disasters,mostoftheworld’sriskiest
citiesarethereforesituatedinEastAsia,
notablyChina,Taiwan,thePhilippines
andJapan.Buttherearedifferentwaysof
lookingatriskexposure.Nodoubt,
humanlifecomesfirst.Inthatrespect,
Tokyo-Yokohama,thePearlRiverDelta
andOsaka-Kobearetheriskiestmetro-
politanareasintheworld(table3).

LikeEastAsia’ssprawlingconurbations,
mostothermajorcitiesdevelopedalong
theseaandnaturalwaterwayssuchas
lakesandrivers.Soitishardlysurprising
thatfloodriskthreatensmorepeople
thananyothernaturalcatastrophe.Across
the616metropolitanareasincludedin
thisstudy,riverfloodingposesathreatto
over379millionresidents.Thatismore
thanthe283millioninhabitantspotentially
affectedbyearthquakesandthe157mil-
lionpeopleatriskfromstrongwinds.

Incontrast,coastalstormsurgepotentially
affectsonlyabout33millionurban
dwellers,andtsunamisposearisktojust
over12millionpeople.Thisisbecause
onlyabout220million–or13%–ofthe
metropolitanareas’residentsactuallylive
incoastalplains.Themapsonthefollow-
ingpagesillustratehowdifferentregions
arepotentiallyaffectedbyeachofthese
perils,withdetailedresultslistedinthe
appendix.

The vast majority of cities are prone  
to river flooding
Situatedonriverfloodplainsoralong
riverdeltas,almostalllargemetropolitan
areasareindangeroffloodingtosome
degree.IndiaandChina,inparticular,face
asignificantthreatfromriverflooding.
With12millionresidentspotentially
affected,thePearlRiverDeltaisthemost
flood-exposedurbanareaintheworld.
Shanghai(11.7million)andKolkata
(10.5million)followinsecondandthird

place.WedonotfindasingleEuropean
metropolitanareaamongthetwenty
mostpotentiallyaffectedurbanpopula-
tions.This,however,changeswhen
lookingattheeconomiclosspotential
fromriverfloodinginthenextchapter.

Earthquakes are prevalent in many  
locations
Mostpeoplepotentiallyaffectedby
earthquakeslivealongtheso-calledRing
ofFire,anareaofhighseismicandvol-
canicactivityalongthePacificOcean.
Besidestheirproximitytothesea,many
ofthesesettlementssitinflatbasins
oftencharacterisedbysoftsoilconditions,
whichmakeshakingintensitieseven
stronger.Earthquakesintheseareascan
alsoresultinsoilliquefaction,aphenom-
enonwherebythesaturatedsoilsubstan-
tiallylosesitsstrengthandreactslikea
liquid.

Withcloseto30millionpeoplepotentially
affected,themetropolitanareaofTokyo-
YokohamainJapanisbyfarthemost
earthquake-exposedcommunityinour
rankings.Otherpopulationsthreatened
byearthquakesareJakarta(17.7million)
andManila(16.8million),followedby
LosAngeles(14.7million)andOsaka-Ko-
be(14.6million).

ThedangerfacedbycitiesneartheSan
AndreasFault,suchasSanFranciscoand
LosAngeles,iswidelyknown.Butthe
tremendouslosspotentialinregionsof
CentralAsiaandalongtheNorthern
AnatolianfaultintheMiddleEastisoften
overlookedandnotimmediatelyappar-
ent.Forexample,thepopulationsofthe
IraniancapitalofTehran(13.6million)
orTashkent(2.9million),thecapitalof
Uzbekistan,arehighlyexposedtoearth-
quakeriskandfeatureprominentlyin
ourearthquakerankings.Unlikecitiesin
NewZealand,metropolitanareasin
Australiaarerelativelysafe,asarecitiesin
theeasternpartsofSouthAmericaand
mostregionsofAfrica.

Table 4:  
Cumulative number of people potentially affected 
in all metropolitan areas – by peril

Peril Peoplepotentiallyaffected
  globally,inmillion
Riverflood 379
Earthquake 283
Windstorm 157
Stormsurge  33
Tsunami  12

Table 3: 
Most people potentially affected, aggregated for 
all five perils (in million)

Tokyo-Yokohama(JPN) 57.1
Manila(PHL) 34.6
Pearl-RiverDelta(CHN) 34.5
Osaka-Kobe(JPN) 32.1
Jakarta(IND) 27.7
Nagoya(JPN) 22.9
Kolkata(IND) 17.9
Shanghai(CHN) 16.7
LosAngeles(USA) 16.4
Tehran(IRN) 15.6
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Storms endanger mostly urban areas 
on the coast
Thedangerofwindstormsismostacute
inthemetropolitanareasofeasternAsia.
Tropicalcyclonesinthispartoftheworld,
alsoknownastyphoons,aremostactive
inthebasinoftheWestPacific.Inaddition,
morepeopleliveinlargerandmore
condensedmetropolitanareaslocated
alongthecoastthantheydoanywhere
elseintheworld.

Eightoutofthetenmostheavilyexposed
urbancommunitiesarethereforeallin
EastAsia,withthePearlRiverDelta
(17.2millionpeoplepotentiallyaffected),
Tokyo-Yokohama(14.1million)and
Manila(12.6million)toppingtherankings.
TheIndiancitiesofMumbai(4.3million)
andChennai(4.0million)areranked8th

and9th.Thehighestnon-Asianmetro-
politanareaisLondon(2.2million,winter
storms)ranked18th.Miami(1.4million,
tropicalcyclons)isranked23rd.

Incontrasttowinterstorms,tropical
cycloneslosetheirdestructionpotential
relativelyquicklyoncetheymakelandfall,
andtheirgeographicexpanseislimited.
InwesternandcentralEurope,metropoli-
tanareasarethreatenedbywinterstorms
whichmaintaintheirstrengthevenwhen
theymovefarinland.However,theirwind
speedsarelowerthanthoseoftropical
cyclones.Whenlookingatwinterstorms
inEurope,London(2.2million),Paris
(1.1million),theRhine-RuhrareainGer-
many(1.0million)andAmsterdam-
Rotterdam(0.9million)assumethetop
fourspots.

Sincemostmajorcitiesdevelopedalongtheseaorwaterways,
floodriskthreatensmorepeoplethananyothernaturalcatastrophe.
Acrossthe616citiesassessed,riverfloodingposesathreattoover
379millionresidents.Over283millioninhabitantscouldpotentially
beaffectedbyearthquakes,and157millionpeopleareatriskfrom
strongwinds.Inmanycases,urbanpopulationsmustbeprepared
tocopewithmorethanonehazard.
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CatNet®
Mostresultsofthisstudy,including
hazarddataused,areavailablein
CatNet®,SwissRe’sonlinenatural
hazardinformationandmapping
system.Thistoolallowsyoutozoom
inonindividualregionsandproduce
tailor-mademapsliketheonesbelow.
Userscanimporttheirowncoordi-
natesandinformationintothetoolto
generatecustomiseddatasets.


CatNet®isfreeofchargetoSwissRe
clientsandisavailableonrequestto
thirdparties.

Forfurtherinformationortoregister:
www.swissre.com/catnet  
orcontactourCatNetofficeat
CatNet@swissre.com

Figure2.1:CatNet®mapshowingthenumberofpeoplepotentiallyaffectedbyriver
floodsinblueandstormsurgesinlightblue.

Figure2.2:CatNet®mapshowingtheaggregatednumberofpeoplepotentially
affectedandtheshareperperil.Thebubblesareexemplarilydisplayedontopof
SIGMAworldinsuranceinformationforthedensityofnon-lifepremiums.
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Mosturbanpopulationspotentially
affectedbyearthquakeslivealong
theRingofFire,anareaofhighseis-
micactivityinthePacificOcean.
WhilethedangerfacedbyAmerican
andJapanesecitiesiswellknown,
thelosspotentialfromearthquakes
inCentralAsiaandtheNorthern
AnatolianFaultintheMiddleEastis
significantandoftenoverlooked.



 

People potentially affected by earthquakes and tsunamis

People at risk per metropolitan area and peril scenario

Earthquakes: 
10 million people potentially affected

Tsunamis: 
2.5 million people potentially affected  

Source: GSHAP, www.swissre.com/catnet

II



Most of the world’s major cities  
developed along the sea and  
natural waterways such as lakes  
and rivers. Many are situated on  
river flood plains or near river deltas. 
Almost all large metropolitan areas 
are therefore exposed to some risk 
of flooding. The threat from river 
flooding is particularly high for cities 
in India and China.

III



 

IV

People potentially affected by river floods

People at risk per metropolitan area and peril scenario

River floods: 
10 million people potentially affected

Source: www.swissre.com/catnet



The danger posed by storms is  
most acute in eastern Asia. Tropical 
cyclones in this region, known  
as typhoons, are most active in the 
basin of the West Pacific. In Europe, 
cities are threatened by winter 
storms. While they have lower wind 
speeds than tropical cyclones,  
winter storms can keep their force 
even when far inland.

V



 

VI

People potentially affected by storms and storm surges

Source: http://weather.unisys.com/hurricane and data processing by Swiss Re, www.swissre.com/catnet

People at risk per metropolitan area and peril scenario

Storms: 
10 million people potentially affected

Storm surges: 
2.5 million people potentially affected  
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Storm surge risk is linked to heavy 
winds
People living in coastal areas exposed to 
heavy winds are also endangered by 
storm surge. Eastern Asia is most at risk 
because typhoons, which have the high-
est wind speeds, regularly hit the region. 
Pearl River Delta (some 5.3 million peo-
ple), Osaka-Kobe (3.0 million people) and 
Mumbai (2.6 million people) are ranked 
highest for storm surge risk, since these 
metropolitan areas developed on large 
coastal plains.

The Amsterdam-Rotterdam conurbation 
in the Netherlands is entirely located 
within a zone of highest risk and holds a 
top spot in the storm surge rankings,  
with 1.8 million people potentially affected. 
Most sections of these cities are even  
situated below sea level. However, it is 
important to point out that these areas 
are protected extremely well by massive 
storm surge defences, so the chance of 
catastrophic damage is substantially lower 
than in other lesser protected areas.  
New York City is the most exposed urban 
area in the United States, with more  
than 1 million people directly at risk from 
storm surge. Following Hurricane Sandy, 
city authorities are taking measures to 
strengthen local defences. 

Tsunami risk dominates in the Pacific
The cities most exposed to tsunami risk 
are in Japan, since they are located along 
the active faults of the Western Pacific. 
Tokyo-Yokohama and Nagoya, each with 
around 2.4 million people who are poten-
tially affected, top our tsunami rankings. 
Osaka-Kobe (1.8 million), Shantou 
(0.7 million) and Kolkata (0.6 million) 
complete the list of the five most tsunami-
exposed metropolitan areas.

Subduction zones, whereby oceanic plates 
dive underneath the continental crust, are 
expected to create much larger tsunamis 
than so-called strike-slip faults such as 
the San Andreas Fault. For this reason, 
the Californian coastline is only classified 
as a medium risk zone. A tsunami can, 
however, travel over very large distances 
and affect coastal areas far away from the 
triggering seaquake. Metropolitan areas 
within the medium and low risk zones can 
therefore also experience devastating 
tsunamis. 

Working days lost – a global  
ranking

Natural catastrophes do not only affect 
people. They can also significantly disrupt 
the economy of an affected metropolitan 
area and, in some cases, the economy of 
an entire country. We estimated the eco-
nomic effects of earthquakes, storms and 
floods using average assumptions of 
working days lost for each hazard and 
developed an index for cross-city com-
parisons.5 

We can look at the results from a global 
and a local perspective. In our global 
rankings, standardised absolute values of 
working days lost apply. By this measure, 
the metropolitan areas of high-income 
countries top the list. This is because ab-
solute losses are generally higher in plac-
es like Tokyo-Yokohama or Los Angeles 
than in Jakarta or Istanbul, even though 
similar numbers of people are potentially 
affected by a natural disaster. 

However, when we take a local view  
and put the productivity losses of a city in  
relation to the GDP of an entire country, 
the picture changes. In this case, a small-
er country with only one or a handful of 
urban centres can end up in the first ranks 
because these cities play an essential role 
to their home country’s national econo-
my. Examples include the Latin American 
capitals of San Jose, Costa Rica and Lima, 
Peru. These local rankings give an indi-
cation of how a disaster can impact the 
resilience of a whole nation.

Natural catastrophes not only endanger  
human lives, but they can also significantly 
disrupt the local economy of a city and,  
in some cases, the economy of an entire 
country.

5  In our rankings, an index value of “1” denotes the city with the highest potential impact from one particular 
peril. To index the impact of all five perils combined (earthquake, wind speed, river flood, storm surge and 
tsunami), the individual peril indices are added up.
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How to read the charts
Eachchartshowstheeconomicimpact
ranking(workingdayslost)foreach
cityfrombothaglobalandanational
perspective,alongwiththesizeofthe
urbanpopulationpotentiallyaffected
byoneormoreperils.Thesketch
belowillustratesthefourvaluespre-
sentedineachchart(figure3):

1)Thesizeofeachbubblerepresents
thenumberofinhabitantslivingina
givenmetropolitanarea.

2)Thecolouredwedgeinthepiechart
istheshareofinhabitantspotential-
lyaffectedbyagivenperil.

3)Thex-axismarksthevalueof
workingdayslostpercityusinga
logarithmicscale(globalindex).

4)They-axismarksthevalueofwork-
ingdayslostpercityinrelation
tothecountry’snationaleconomy

usingalogarithmicscale(global
index,relativetothenationaleconomy
ofhomecountry).

Asthefourquadrantsillustrate,we
candrawdifferentconclusionsfrom
thepositionofeachcityonthechart.
Sincewecannotfitall616citiesin
onechartwehavelimitedthechoice
tothetoptenranksusingalogarithmic
scale.Theycombinethetop10ranks
fortheanalyses‘peoplepotentially
affected,’‘globalindexofworkingdays
lost’,‘globalindexofworkingdays
lostrelativetothenationaleconomy’.

Forillustrativepurposes,figure4shows
thedistributionofcitiesonalinear
scaleforearthquakerisk.Ithighlights
thewidedivergencesinnumerical
valuesbetweencities,suchasthegap
betweenthefirstandsecondranks.
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Figure 4:  
Illustrativechartusingalinearscaleforearthquakeriskinsteadofalogarithmicscale
(seefigure7forcomparison).Thisshowstheactualdistributionofcitiesandtheunequal
gapsinriskexposurebetweenthem.

Figure 3:  
Visualisationofglobalrankings.Citiesintheupperright-handcornerofeachchartfacethe
highestpotentialimpactinabsolutetermsandinrelationtotheircountry’snationaleconomy.
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Earthquakes
Amajorearthquakecanaffectalmost
allresidentsofacity.Givencountries’
differentlevelsofeconomicdevelopment,
theabsoluteimpactonproductioncan
bemagnitudeshigherindevelopedcoun-
triesthaninemergingmarkets.The
Tokyo-Yokohamaregionhas37million
inhabitants,ofwhich80%or29million
couldbepotentiallyaffectedbyavery
largeearthquake.Ofall616metropolitan
areasstudied,ithasthehighestvalueof
workingdayslostandsocarriesanindex
valueof1onthex-axis(figure5).

Japan,however,hasseveralotherurban
centreswhichsustainthecountry’s
economy.Bycontrast,anearthquakeof
asimilarmagnitudewouldhaveamuch
moresevereimpactonthenationalecon-
omyofacountrylikeCostaRica.Some
2.2millioninhabitantsliveinthecapital
ofSanJose,whichmakesupahighpro-
portionofthecountry’stotalpopulation.
Almostallofthemareexposedtosignifi-
cantearthquakerisk.SanJoseistheeco-
nomichubofCostaRica.Thepotential
costsofanearthquakemakesSanJose
thecitywiththehighestpotentialfallout
foracountry’snationaleconomy,indi-
catedbyanindexvalueof1onthey-axis.

Wecandrawsomeinterestingconclusions
fromthis.Smallerurbanareasaremore
broadlyaffectedthanlargerareas(egLima
rankshigherthanJakarta).Butahigh
numberofpeoplepotentiallyaffecteddoes
notautomaticallymeanahighglobalrank
whenmeasuredintermsofproduction
lost(egJakartais25timeslessaffected
thanLosAngeles).Lessobviousperhaps
isthatalthoughLosAngelesandSan
Franciscoarewidelyconsideredathigh
riskofearthquakes,theyarefroma
nationalperspectivelowerrankedthan
citieslikeManilaorLima.Finally,thedif-
ferenceinproductionlossescanbehuge.
Forexample,thenationalimpactofan
earthquakeinYerevan(Armenia)andTo-
kyo-Yokohamaissimilar,buttheabsolute
impactinTokyoismorethan300times
higher.
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Jakarta (IDN)
33.1 mn

Santiago (CHL)
6.2 mn

Taichung (TWN)
5.8 mn

Tehran (IRN)
15.1 mn

Shizuoka (JPN)
1.6 mn

Almaty (KAZ)
1.7 mn

Manila (PHL)
21.0 mn

San Jose (CRI)
2.2 mn

Bishkek (KGZ)
1 mn

Osaka-Kobe (JPN)
18.6 mn

Los Angeles (USA)
15.4 mn

San Francisco  (USA)
5.0 mn

Taipei (TWN)
8.1 mn

Santo Domingo (DOM)
3.3 mn

Istanbul (TUR)
11.5 mn

Nagoya (JPN)
11.6 mn

Tokyo-Yokohama (JPN)
37.1 mn

Lima (PER)
8.9 mn

Yerevan (ARM)
1.4mn

Figure 5: Metropolitan areas at risk from earthquakes
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River floods
Thefloodrankingsofmetropolitanareas
infigure6showasomewhatdifferent
picturecomparedtoearthquakes.Metro-
politancentreswithmorethan50%of
thepopulationpotentiallyaffectedareex-
ceptionsandaremainlylocatedineast-
ernChina.Yet,anumberofcitiesappear
intherankingswhicharenotknownto
beparticularlyexposedtoflooding,such
asMexicoCity,Baghdad,ParisorDoha.

TheanalysisshowsthatBangkokishighly
exposedtoriverfloodingwithpotentially
massiveimpactstothenationaleconomy.
Thiswastragicallyconfirmedbythe2011
ChaoPhrayaRiverflood,thelargestin-
suredfreshwaterfloodeventeverrecord-
ed.Thetotallossamountedtoaround
10%ofnationalGDP,whichhighlights
thecriticalimportanceoffloodprotection
measuresfortheThaigovernment.

Storms 
Fewermetropolitanareasareexposed
toheavydamagefromstormsthanby
earthquakesorfloods.Thecitiespoten-
tiallymostaffectedbyhighwindspeeds
arelocatedalongthecoastlinesofAsia,
suchasTokyo-Yokohama,Manila,Taipei
andthePearlRiverDelta.

AsFigure7shows,onlythreeofthemost
exposedmetropolitanareasareoutside
Asia:Havana(Cuba),Port-au-Prince(Haiti)
andSantoDomingo(DominicanRepublic).
AllthreeCaribbeancitiesplayanessen-
tialroleinthefunctioningoftheirsmall
islandeconomies.Perhapssurprisingly,
bigUScitiesknowntobeexposedto
stormandhurricanerisk–suchasMiami
orNewYork–donotfeatureinthe
worldtop10forthisperil,ranking23rd
and45threspectively.
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Santo Domingo (DOM)
3.3 mn

Tainan-Kaohsiung (TWN)
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Mumbai (IND)
20.6 mn
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5.8 mn
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18.6 mn

Manila (PHL)
20.9 mn

Figure 6: Metropolitan areas at risk from river flooding

Figure 7: Metropolitan areas at risk from storms





18 Swiss Re Mindtherisk

 

Multipleperils–aglobalranking

Manyoftheworld’smetropolitanareas
arethreatenedbymorethanjustonenat-
uralperil,andsomeevenfacetherisk
ofbeinghitbyseveralperilsatonce.The
2011Tohokuearthquake,forexample,
triggeredamassivetsunamiwavewhich
ledtoextensivefloodingacrossthenorth-
easternseaboardofJapan.Floodingwas
alsobroughtonbyHurricaneSandyin
2012andsubmergedvastpartsofNew
YorkCitywhilewinddamagewasminor
inthiscase.

Naturalperilshavedifferentphysical
characteristicsandprobabilities.Forex-
ample,thechanceofamajorearthquake
andatyphoonhappeningatthesame
timeisextremelylow.Nevertheless,to
createagloballyconsistentriskindex
itmakessensetolookattheaggregated
riskthatalltheperilsposetoanurban
community.Todoso,weaddedupthe
resultsforallfiveperilsforeachcity.
Accordingly,theindexvalueofworking
dayslostcanadduptoamaximumof5.

Urbanresidentswhoarethreatenedby
multipleperilsaremorelikelytobehitby
anaturalcatastropheintheirlifetimethan
thoseconfrontedwithonlyoneperil.In
ourstatistics,theseresidentsarecounted
morethanonce.Theaggregatenumber
ofpeoplepotentiallyaffectedbymultiple
perilscanthereforeexceedtheactualsize
ofacity’spopulation.Themoreitdoes,
themoreprobableitisthatlocalresidents
willatsomepointhavetocopewitha
naturaldisaster.

Table5showsaggregatedrankingsforall
fiveperils.Theylisttheabsolutenumber
ofpeoplepotentiallyaffected;thevalueof
workingdayslostinrelationtothelocal
andnationaleconomy.Insmaller,densely
populatedmetropolitanareas,earth-
quakesandstormscouldaffectvirtually
theentirepopulation.Althoughmore
commonthananyothernaturaldisaster,
riverfloodstypicallyonlyaffectalimited
partofametropolitanarea.Stormsurges
andtsunamisonlyaffectpeopleliving
nearthecoast.

Table 5: Top ten city rankings by analysis for all aggregated perils

Metroarea





Ranking:people
potentiallyaffected
(aggregateforall
5perils)


Metroarea





Ranking:value
ofworkingdayslost
(globalindex,
aggregatedfor
all5perils)


Metroarea





Ranking:value
ofworkingdayslost
relativetonational
economy(global
index,aggregated
forall5perils)

Tokyo-Yokohama(JPN) 57.1mn Tokyo-Yokohama(JPN) 4.50 Manila(PHL) 1.95
Manila(PHL) 34.6mn Osaka-Kobe(JPN) 2.71 Amsterdam-Rotterdam

(NLD)
1.31

PearlRiverDelta(CHN) 34.5mn Nagoya(JPN) 2.69 Tokyo-Yokohama(JPN) 1.29
Osaka-Kobe(JPN) 32.1mn PearlRiverDelta(CHN) 1.78 SanJose(CRI) 1.26
Jakarta(IND) 27.7mn Amsterdam-Rotterdam

(NLD)
0.96 Guayaquil(ECU) 1.20

Nagoya(JPN) 22.9mn LosAngeles(USA) 0.93 Taipei(TWN) 1.02
Kolkata(IND) 17.9mn NewYork-Newark

(USA)
0.62 Ndjamena(TCL) 1.00

Shanghai(CHN) 16.7mn SanFrancisco(USA) 0.47 Nagoya(JPN) 0.97

LosAngeles(USA) 16.4mn Paris(FRA) 0.46
Tainan-Kaohsiung
(TWN)

0.90

Tehran(IRN) 15.6mn Taipei(TWN) 0.39 Lima(PER) 0.90
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Withsomeexceptions,theworld’sriski-
estmetropolitanareasarelocatedinAsia,
especiallyinChina,Taiwan,thePhilip-
pinesandJapan.Hostingseveralmillion
peopleindenselypopulatedconurbations,
Asia’scitiesarelikelytobethehardesthit
bynaturalcatastrophes,bothintermsof
absolutenumbersofpotentiallyaffected
peopleandeconomicimpact.

Figure8showsanoverviewofthemost
exposedcitiesworldwide.Becauseearth-
quakescanaffectthemajorityofthe
population,theirsharedominatesthepie
chartinseismicallyactiveorexposed
regions.Inlocationswithamulti-hazard
risk,theprobabilityofaneventincreases
substantially.Tokyo-Yokohama,Osaka-
KobeandNagoyainJapanaswellasthe
PearlRiverDeltainChina,Taichung,
TaipeiandTainan-KaohsiunginTaiwan
andManilainthePhilippinesfaceahigh
likelihoodofbeingimpactedbydifferent
perils.Thisamplifiesthethreattotheirin-
habitantsandeconomies.

Figure 8: Impact of all perils by metropolitan area – Top 10
Thechartincludestheaggregatenumberofpeoplepotentiallyaffectedbyallrelevantperils(bubblesize)andglobalrankingsbythevalueof
workingdayslost,inabsoluteterms(x-axis)andinrelationtothecountry’snationaleconomy(y-axis).Residentsarecountedmultipletimeswhen
affectedbymorethanoneperilbecauseeachperilisaccountedforindividually.
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Paris (FRA)
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Kolkata (IND)

New York-Newark (USA)

Whenconsideringtherelativeimportance
ofametropolitanareatothenational
economyofacountry,othercitiesmove
uptherankings:Amsterdam-Rotterdam
(Netherlands),SanJose(CostaRica),
Lima(Peru)andGuayaquil(Ecuador).

Thefollowingchapterpresentsthe
globalresultsbycontinent.Wechoseto
onlydisplaythetoptenpercontinent.
Locationsshowninthischapterreappear
alongwithcitiesnotrepresentedinthe
globalrankings.

Earthquake
Windspeed
Riverflood
Stormsurge
Tsunami

Peoplepotentially
affected(cumulative
numberinmn)

15
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Two men stand among the debris from the March 2011 earthquake and tsunami in the Japanese city of Kesennuma. The magnitude 9.0 
quake off the coast of Japan is considered the costliest natural disaster in history, causing an estimated USD 235 billion in total losses.
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PartIII–Regionalfindings
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5.000 Manila (PHL) Tokyo-Yokohama (JPN)

Osaka-Kobe (JPN)
Jakarta (IDN)

Kolkata (IND)

Yerevan (ARM)

Phnom Penh (KHM)
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Shanghai (CHN)

Tainan-Kaohsiung (TWN)

Bangkok (THA)

Taichung (TWN) Taipei (TWN)

Pearl River Delta (CHN)

Nagoya (JPN)

Teheran (IRN)

Figure 9: Impact of all perils by metropolitan area – Top 10
Thechartincludestheaggregatenumberofpeoplepotentiallyaffectedbyallrelevantperils(bubblesize)andglobalrankingsbythevalue
ofworkingdayslost,inabsoluteterms(x-axis)andinrelationtothecountry’snationaleconomy(y-axis).

AsiaandOceaniahostmanylarge,eco-
nomicallyvibrantmetropolitanareas.
Comparedtoallothercontinents,citiesin
AsiaandOceaniastandoutasbeing
mostexposedtonaturaldisasters.Many
ofthemalsoappearinthetop10global
rankings.Ingeneral,Asia’smetropolitan
areasarethreatenedbythewidestmix
ofallperilswithmanyofthemendangered

Table 6: Asia and Oceania at a glance
Metropolitanareasanalysed 334
–totalpopulation 989.0mn
–totalcombinedGDP USD12.6trn
Mostpeopleendangeredbysinglescenario


29.4mnearthquakeTokyo-Yokohama,
17.7mnearthquakeJakarta,17.2mnwind
PearlRiverDelta

Top3allperils:peoplepotentiallyaffected Tokyo-Yokohama,Manila,PearlRiverDelta
Top3allperils:absolutevalueof
workingdayslost(globalindex)

Tokyo-Yokohama(4.50),Osaka-Kobe(2.71),
Nagoya(2.69)

Top3allperils:relativevalueofworkingdays
lost(globalindexrelativetonationaleconomy)

Manila(1.95),Tokyo-Yokohama(1.29),
Taipei(1.02)

AsiaandOceania

byallfiveperilsincludedinthisstudy.
Therisksofearthquakes,typhoonsand
riverfloodingdominateinthenorthern
hemisphere.Thisisillustratedinthe
chartsbythelargebubblesizesandthe
clustersintheupperright-handcorner
aswellasthecolourscheme.

AustraliaandNewZealandarealso
exposedtonaturalcatastrophes,butthey
havesmallercitiesandthereforedo
notfeatureinthetoptenriskiestcities.

Othercountriesmayplayalesserrolein
theworldeconomy,buttheireconomies
dependheavilyonahandfulofcities
thatfunctionascentresofeconomicpro-
duction.Herewefindmetropolitanareas
suchasBishkek(Kyrgyzstan),Almaty
(Kazakhstan)orYerevan(Armenia),where
alargerearthquakeorriverfloodcould
bedisastrousfortheentirecountry’seco-
nomicproduction.

Earthquake
Windspeed
Riverflood
Stormsurge
Tsunami

Peoplepotentially
affected(cumulative
inmn)

15
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San Salvador (SLV)

Tegucigalpa (HDN)

Guadalajara (MEX)

Port-au-Prince (HTI)

Havana (CUB)

Managua (NIC)

Panama City (PAN)

Boston (USA)

Washington-Baltimore (USA)

San Francisco (USA)

Miami (USA)

New Orleans (USA)

Houston (USA)

Tampa (USA)

Guatemala (GTM)

Mexico City (MEX)

New York-Newark (USA)

Los Angeles (USA)

San Jose (CRI)

Santo Domingo (DOM)

Table 7: North and Central America at a glance
Metropolitanareasanalysed 83
–totalpopulation 222.7mn
–totalcombinedGDP USD10.5trn
Mostpeopleendangeredbysinglescenario


14.7mnearthquakeLosAngeles,
6.1mnriverfloodMexicoCity,5.0mn
earthquakeSanFranciso

Top3allperils:peoplepotentiallyaffected LosAngeles,MexicoCity,SanFranciso
Top3allperils:absolutevalueofworkingdays
lost(globalindex)

LosAngeles(0.93),NewYork-Newark(0.62),
SanFrancisco(0.47)

Top3allperils:relativevalueofworkingdays
lost(globalindex)

SanJose(1.26),SantoDomingo(0.69),
Port-au-Prince(0.49)

NorthandCentralAmericacomprisea
regionthreatenedbyearthquakesalong
thePacificcoastaswellasbyhurricanes
andstormsurgesfromtheAtlantic.River
floodingcanhappenpracticallyany-
where.AkeydifferencebetweenNorth
andCentralAmerica,however,isintheir
distributionofeconomicproductionsites.

Whiletheeconomiesofthesmaller
countriesofCentralAmericaarehighly
dependentonjustafewmetropolitan
areas,theUS,CanadaandMexicohave

moreurbancentres.Thedifferencein
economicgeographyisreflectedonthe
chartbythefactthatNorthAmerica’s
citiesarelocatedinthelowerright-hand
cornerwhileCentralAmericancities
arefoundintheupperleft-handcorner.

Fromtheperspectiveofthenational
economy,theCentralAmericancapitalsof
SanJose(CostaRica)andSantoDomingo
(DominicanRepublic)rankhighest.Aca-
tastropheineitherofthesetwolocations
wouldheavilyaffecttheentirecountry.
ThedeadlyearthquakethatravagedHaiti
inJanuary2010isrememberedasoneof
theworstdisasterstohittheimpoverished
islandnation.Butitisworthnotingthat
SantoDomingohasanevenhigherearth-
quakeriskthanPort-au-Prince(Haiti).

IncontrasttoCentralAmerica,metropol-
itanareasoftheUnitedStatesarenu-
merousandhighlydeveloped.Theyare
rankedhigherintermsoftheabsolute
valueofworkingdayslostwhencompared
toallothercitiesintheworld.

Figure 10: Impact from all perils per metropolitan area – Top 10
Thechartincludestheaggregatenumberofpeoplepotentiallyaffectedbyallrelevantperils(bubblesize)andglobalrankingsbythevalue
ofworkingdayslost,inabsoluteterms(x-axis)andinrelationtothecountry’snationaleconomy(y-axis).

NorthandCentralAmerica

Earthquake
Windspeed
Riverflood
Stormsurge
Tsunami

Peoplepotentially
affected(cumulative
inmn)

15
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ThevulnerabilityofEurope’scitiestonatu-
raldisastersvariesfromregiontoregion.
CountriesineasternandsouthernEurope
facerisksfromearthquakes.Windbe-
comesmoreimportantasanaturalperil
whenmovingtowardscentralEurope,
whilethehazardfromriverfloodingispre-
sentalmosteverywhere.Metropolitanare-
asofcentralEuropearenotwidelyspread
onthechart.However,althoughmany
easternEuropeanmetropolitanareasstill
haveaGDPpercapitabelowtheEurope-
anaverage,theycanbeevenmoreimpor-
tantfortheircountry’snationaleconomy.
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Liverpool (GBR)

Budapest (HUN)

Zagreb (HRV)

Lille (FRA)

Hamburg (DEU)

Rhine-Ruhr (DEU)

Milan (ITA)

Berlin (DEU)

Frankfurt (DEU)

Sofia (BGR)

Istanbul (TUR)

Brussels-Antwerp (BEL)

Zurich (CHE)

Athens (GRC)

Dublin (IRL)

Amsterdam-Rotterdam (NLD)

Paris (FRA)

London (GBR)

Onelikelyscenariocouldbeastrongwin-
terstormintheNorthSeathatpushesa
stormsurgetowardsAmsterdam-Rotter-
damandcauseswindstormdamageat
thesametime.Whilefloodprotection
measuresaregenerallywelldevelopedin
Europe,mostdefencesaredesignedto
protectagainstlocalriverfloodsexpected
onceevery50to100years.Asaresult,
onlylargefloodeventsshouldtriggerma-
jordamage,atleastifthedamsdonotfail
atlowerwaterlevels.

Amajorwinterstorm,whichhasthelarg-
estexpanseofallperilscoveredinthis
study,orafloodcanaffectseveralcities
heavily.ThisisparticularlytrueinEurope
wherecitiesarelocatedclosertogether
thanelsewhere.Thishastobetakeninto
accountwhenEuropeiscomparedto
otherregions.Istanbul,ahugeurban
sprawlhighlyendangeredbyearthquakes,
isalsocoveredintheregionaloverview
ofAsia,butdoesnotfeatureinthetop10.

Table 8: Europe at a glance
Metropolitanareas 91(incl.Istanbul)
–totalpopulation 206.4mn
–totalcombinedGDP USD8.2trn
Mostpeopleendangeredbysinglescenario 6.4mnearthquakeIstanbul,2.7mnriverflood

Paris,2.2mnwinterstormLondon
Top3allperils:peoplepotentiallyaffected Istanbul,Amsterdam-Rotterdam,London
Top3allperils:absolutevalueofworkingdays
lost(globalindex)

Amsterdam-Rotterdam(0.96),Paris(0.46),
London(0.32)

Top3allperils:relativevalueofworkingdays
lost(globalindex)

Amsterdam-Rotterdam(1.31),Istanbul(0.27),
Zagreb(0.26)

Figure 11: Impact from all perils per metropolitan area – Top 10
Thechartincludestheaggregatenumberofpeoplepotentiallyaffectedbyallrelevantperils(bubblesize)andglobalrankingsbythevalueofworking
dayslost,inabsoluteterms(x-axis)andinrelationtothecountry’snationaleconomy(y-axis).
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Valencia (VEN)

Valparaiso (CHL)

Quito (ECU)

Rio de Janeiro (BRA)Maracay (VEN)

Caracas (VEN)

Sao Paulo (BRA)
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SouthAmericafaceslittleriskofextended
andhighwindspeeds,apartfromafew
exceptionsclosetotheCaribbeanand
EastBraziliancoastline.Butotherhazards
areclearlypresent.Wecanseeearth-
quakesincombinationwithsomeriver
floodinginthewest,whereaseastern
metropolitanareasofBrazilandArgentina
faceriverfloodasthedominantperil.
Tsunamihazardsaccompanyseismically
endangeredmetropolitanareasalongthe
westerncoastlineattimes.

Table 9: South America at a glance
Metropolitanareas 49
–totalpopulation 148.5mn
–totalcombinedGDP USD2.1trn
Mostpeopleendangeredbysinglescenario 8.9mnearthquakeLima,5.3mnearthquake

Santiago,3.9mnearthquakeBogota
Top3allperils:peoplepotentiallyaffected Lima,Santiago,Bogota
Top3allperils:absolutevalueofworkingdays
lost(globalindex)

SaoPaulo(0.12),Lima(0.12),
SantiagodeChile(0.07)

Top3allperils:relativevalueofworkingdays
lost(globalindex)

Guayaquil(1.20),Lima(0.90),
SantiagodeChile(0.47)

Onaglobalscale,theeconomicproduc-
tioninSouthAmericaisrelativelyevenly
distributedamongthecountriesranging
inthemid-scale.Thisresultsinavery
denseclusterforthetop10ranks.

Adequatebuildingstandardstoimprove
earthquakedamageresistanceas
wellasfloodriskmapswithconsecutive
planningmeasureswouldimprovethe
resilienceofmanymetropolitanareasin
theregion.

SouthAmerica

Figure 12: Impact from all perils per metropolitan area – Top 10
Thechartincludestheaggregatenumberofpeoplepotentiallyaffectedbyallrelevantperils(bubblesize)andglobalrankingsbythevalue
ofworkingdayslost,inabsoluteterms(x-axis)andinrelationtothecountry’snationaleconomy(y-axis).
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Africa’scitiesarealmostexclusively
threatenedbyriverfloodingalone.Africa
isrelativelysafewhenitcomestonatural
hazardsanalysedhere.Theonlyareas
threatenedbyearthquakesaresituated
alongtheMediterraneanSeaandalong
theAfricanriftsystem,fromCairodown
toTanzania.Tropicalcyclonesonly
posearisktocommunitiesalongthe
southeasterncoastline.
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0.001 0.010 0.100 1.000 5.000 

Value of working days lost (global index, relative to national economy of home country)  

Value of working days lost (global index)

5.000 

Durban (ZAF)

Kinshasa (COD)
Algiers (DZA)

Antananarivo (MDG)
Tripoli (LBY)

Nairobi (KEN)

Tunis (TUN)

Lusaka (ZMB)

Casablanca (MAR)

Lagos (NGA)

Cairo (EGY)

Ndjamena (TCL)

Khartoum (SDN)

Cape Town (ZAF)

Table 10: Africa at a glance
Metropolitanareas 60
–totalpopulation 155.7mn
–totalcombinedGDP USD0.7trn
Mostpeopleendangeredbysinglescenario 5.5mnriverfloodCairo,2.5mnriverflood

Khartoum,1.8mnriverfloodKinshasa
Top3allperils:peoplepotentiallyaffected Cairo,Khartoum,Kinshasa
Top3allperils:absolutevalueofworkingdays
lost(globalindex)

Cairo(0.05),Khartoum(0.02),
Kinshasa(0.01)

Top3allperils:relativevalueofworkingdays
lost(globalindex)

Ndjamena(1.00),Khartoum(0.45),
Cairo(0.30)

Onaglobalscale,theeconomicoutput
ofAfrica’scitiesiscomparativelylow.
Thisisillustratedbythepositionsofthe
metropolitanareasontheleft-hand
sideoffigure13.Ontheotherhand,the
individualimpactonacountrycanbe
enormousinAfrica.

Forexample,amajorriverfloodinNdja-
mena(Chad)orKhartoum(Sudan)would
affectvirtuallytheentirepopulation
andsignificantlydisrupttheircountries’
nationaleconomies.Inabsoluteterms,
Cairo–whichfacesrisksfromearthquakes
andriverfloods–rankshighestamong
Africa’scities,bothbyworkingdayslost
andpeoplepotentiallyaffected.

Africa

Figure 13: Impact from all perils per metropolitan area – Top 10
Thechartincludestheaggregatenumberofpeoplepotentiallyaffectedbyallrelevantperils(bubblesize)andglobalrankingsbythevalue
ofworkingdayslost,inabsoluteterms(x-axis)andinrelationtothecountry’snationaleconomy(y-axis).
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Conclusion

Buildingcityresilienceiscritical

Millionsofpeopleliveintheworld’sbig
metropolitancentres,andtheyarebeing
joinedbymanymorepeoplewhoflock
tothecitiesforeconomicpursuits.Amajor
naturalcatastrophecancausetremen-
doussufferinganddisruption.Thethreat
tocityresidentsandlocaleconomies
isreal,anditismountingrelentlesslyas
megacitiescontinuetoexpandand
riskmanagementpracticesfailtokeep
upwiththepaceofchange.

Asthefindingsofthisstudyshow,there
aresubstantialdifferencesinriskexposure
acrossregions.Asia’scitiesaremost
atriskfromnaturalhazards,followedby
citiesinNorthAmerica.Theyalsoshow

Making cities more resilient

Risk transfer solutions – the  
example of Mexico’s MultiCat
Mexico’sMultiCatcatastrophebond
programme,whichwasdesigned
bytheWorldBankandtheMexican
governmentwithsupportfrom
SwissRe,formsakeypartofMexico’s
sovereigndisasterrisktransferstrategy.
Theprogrammecombinesriskmitiga-
tion,riskmodeling,andtraditional
andparametricinsurancetoallowthe
governmenttofinanciallyprepare
fordisasters.Itcoversearthquakeand
hurricanerisk.

ThetransactionhighlightsSwissRe’s
long-standingcommitmenttohelping
countriesandlocalcommunitiesbuild
resiliencethroughinnovativeinsur-
ancesolutionsandthepublic-private
partnershipmodel.SwissRewas
thefirstglobalreinsurancecompany
todedicateateamofexpertstowork
withnationalandmunicipalgovern-
mentsontheirriskmanagement

needs.ThesuccessofMultiCathigh-
lightsthegrowingdemandwithin
thepublicsectorforthesesolutions.

Economics of Climate Adaptation – 
tackling climate risk locally
Climateadaptationisanurgentpriority
fornationalandcityauthorities.While
manyadaptationmeasuresareavailable
tomakecitiesmoreresilienttothe
impactofclimatechange,decision-
makersneedtoidentifythemostcost-
effectiveinvestments.TheEconomics
ofClimateAdaptation(ECA)method-
ologygivesthemthefactstodosoina
systematicway.Ithelpsthemassess
thelocalimpactofclimatechangeand
takeactionstominimisethatimpact
atthelowestcosttosociety.Withits
partners,SwissRehascarriedoutECA
studiesinover20locations,including
severalcities.Theyallpresentastrong
caseforimmediateaction:itischeaper
tostartadaptingnowthantobear
thecostsoffuturedisasterstomorrow.
Source:
http://www.swissre.com/rethinking

thatmanyofthesmallerandoftenlesser
knownmetropolitanareasdeservemore
ofourattention.Notonlyarethesecen-
tresdevelopingrapidly,butinourrankings
theyalreadyappearalongsidecities
typicallymentionedasnaturalcatastrophe
hotspots,suchasTokyo,SanFrancisco,
Miamior,morerecently,NewYork.

Savinglivesisandshouldbethehighest
priorityinriskmitigationefforts.However,
higherlivingstandardsinmanycitiesmean
thatdemandforbetterprotectionmeas-
uresisalsosettoincrease,especially
intheworld’shighgrowthmarkets.Com-
biningsuchmeasureswithinsurance
coversforresidualriskisthemostcost-
effectiveandrecommendedapproach.
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6SeeSwissRePrivateEquityPartners(2010):Anintroductiontoinfrastructureinvesting,SwissReCentreforGlobalDialogue(2012):
IntegrativeRiskManagement:FosteringInfrastructureResilience.

7UNISDR(2013):MakingCitiesResilient:SummaryforPolicymakersAglobalsnapshotofhowlocalgovernmentsreducedisasterrisk.
8OECD(2012):DisasterRiskAssessmentandRiskFinancing–AG20/OECDMethodologicalFramework.

Yetthemajorityofurbanassetsinhigh
growthmarketsiscurrentlynotinsured.
Asaconsequence,insureddisasterloss-
esintheUnitedStates,CanadaandEu-
ropearestillsignificantlybigger.AsChina
andothereconomiescatchup,Asiaisset
toemergeastheregionwiththehighest
economiclosspotentialandthebiggest
gapbetweeneconomicandinsuredloss-
eswithinthenextdecades.

Investmentsininfrastructurearevitalto
strengthentheresilienceofmetropolitan
areas.Thepotentialdamagethatalarge
naturaldisastercancausetoroads,bridg-
es,telecommunicationsandotheressen-
tialinfrastructureisperhapsnowhere
moreapparentthanintheworld’sbig
cities.Thisiswhystrengtheningurban
resilienceisalsoaprimeconcernforthe
insuranceindustry.Asanultimaterisk
taker,theinsuranceindustryhasavested
interestinnewinfrastructureinvest-
ments,upgradestoageinginfrastructure
andadaptationmeasures.6

Investmentsininfrastructurewouldalso
helpcitiestocopebetterwithnatural
disastersandothershockssuchashuman
pandemicsandactsofterrorism.As
manyoftheserisksarelikelytomaterial-
iseinurbanlocations,buildingresilience
intheworld’scitiesisanurgentpriority.
Butresourcelimitationsandbudgetcon-
straintsmakethisachallengingtaskfor
mayors,cityplannersandlocaldisaster

riskmanagers.Thisstudyaimstosupport
theirworkbyprovidingnewinsightsinto
thepotentialimpactofnaturaldisasters
onurbancommunities.

Sincepeopleandeconomiesareinter-
connected,comparisonsacrosscitiesand
regionsarerelevanttocityauthorities.
However,morespecificassessmentsof
localconditionshavetobemadetogive
themanaccuratebasisfordecision-mak-
ing.Initspublication‘MakingCitiesResil-
ient,’theUnitedNationsOfficeforDisas-
terRiskReduction(UNISDR)provides
guidelinesandbestcaseexamplesfor
suchplanning.7TheOECDalsoprovides
adetailedG20/OECDframeworkonthe
integrationofriskfinanceandinsurance
intodisasterriskmanagement.8

Theimpactofalargenaturalcatastrophe
canonlyeverbeavoidedtoacertainex-
tent.Therewillalwaysbecostsforrelief,
recoveryandreconstructionefforts,and
theywillconstituteafinancialburdenfor
theaffectedregion.However,insurance
canhelpsoftentheimpactbyofferingrisk
transferproductsthathelpnarrowthe
widegapbetweeneconomicandinsured
losses.

SwissReworkswithlocalandnational
governments,businessesandmanyother
stakeholderstostrengthenriskmanage-
mentanddisasterpreparedness.Itdoes
sobyassessing,takingandsharingrisks,
providingcapitaltotherealeconomyand
payingoutclaimswhendisastershap-
pen.Furtherstrengtheningthesepartner-
shipscangoalongwaytowardsmaking
urbancommunitiesmoreresilientand
supportingthemtorecoverfasterwhen
disasterstrikes.

Naturaldisasters,alongwithothershocks
suchashumanpandemicsandactsof
terrorism,arelikelytomaterialiseinurban
locationsandaffectmillionsofresidents.
Strengtheningtheresilienceoftheworld’s
citiesisthereforeanurgentpriority.
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Appendix

Tables 11–15: Top 10 ranks per peril for the three analyses: (1) people potentially affected;  
(2) value of working days lost, global index; (3) Value of working days lost, relativ to national economy, global index

Earthquake ranking (see figure 5)

Metroarea







Area(km2);
population
(mn)





People
potentially
affected
(mn)




Metroarea







Area(km2);
population
(mn)





Valueof
working
dayslost
(global
index0–1)



Metroarea







Area(km2);
population
(mn)





Valueof
working
dayslost,
relativto
national
economy
(globalin-
dex0–1)

1 Tokyo-
Yokohama(JPN)

16300
37.1

29.4 Tokyo-
Yokohama(JPN)

16300
37.1

1.00 SanJose(CRI) 1000
2.2

1.00

2 Jakarta(IDN) 11600
33.1

17.7 LosAngeles(USA) 14400
15.4

0.79 Lima(PER) 2600
8.9

0.73

3 Manila(PHL) 2900
20.9

16.8 SanFrancisco
(USA)

5300
5.0

0.40 Taipei(TWN) 2100
8.1

0.41

4 LosAngeles(USA) 14400
15.4

14.7 Osaka-Kobe(JPN) 13600
18.6

0.32 Bishkek(KGZ) 1600
1.0

0.36

5 Osaka-Kobe(JPN) 13600
18.6

14.6 Nagoya(JPN) 15600
11.6

0.24 Manila(PHL) 2900
20.9

0.36

6 Tehran(IRN) 11000
15.1

13.6 Taipei(TWN) 2100
8.1

0.15 Yerevan(ARM) 1800
1.4

0.34

7 Nagoya(JPN) 15600
11.6

9.4 Lima(PER) 2600
8.9

0.10 Almaty(KAZ) 2200
1.7

0.32

8 Lima(PER) 2600
8.9

8.9 Shizuoka(JPN) 2100
1.6

0.10 SantoDomingo
(DOM)

800
3.3

0.28

9 Taipei(TWN) 2100
8.1

8.0 Taichung(TWN) 5700
5.8

0.09 Santiago(CHL) 3800
6.2

0.26

10 Istanbul(TUR) 4100
11.5

6.4 Istanbul(TUR) 4100
11.5

0.09 Taichung(TWN) 5700
5.8

0.24

Storm ranking (see figure 7)

Metroarea







Area(km2);
population
(mn)





People
potentially
affected
(mn)




Metroarea







Area(km2);
population
(mn)





Valueof
working
dayslost
(global
index0–1)



Metroarea







Area(km2);
population
(mn)





Valueof
working
dayslost,
relativto
national
economy
(globalin-
dex0–1)

1 PearlRiverDelta
(CHN)

20600
42.4

17.2 Tokyo-Yokohama
(JPN)

16300
37.1

1.00 Manila(PHL) 2900
20.9

1.00

2 Tokyo-Yokohama
(JPN)

16300
37.1

14.1 Osaka-Kobe(JPN) 13600
18.6

0.49 Taipei(TWN) 2100
8.1

0.46

3 Manila(PHL) 2900
20.9

12.6 PearlRiverDelta
(CHN)

20600
42.4

0.39 Tainan-Kaohsiung
(TWN)

3100
5.1

0.38

4 Osaka-Kobe(JPN) 13600
18.6

7.8 Nagoya(JPN) 15600
11.6

0.30 Port-au-Prince(HTI) 300
2.0

0.38

5 Taipei(TWN) 2100
8.1

5.4 Taipei(TWN) 2100
8.1

0.18 Havana(CUB) 500
2.0

0.34

6 Shantou(CHN) 5200
10.0

5.1 Manila(PHL) 2900
20.9

0.17 SantoDomingo
(DOM)

800
3.3

0.32

7 Nagoya(JPN) 15600
11.6

4.3 Tainan-Kaohsiung
(TWN)

3100
5.1

0.15 Taichung(TWN) 5700
5.8

0.31

8 Mumbai(IND) 2600
20.6

4.3 Fukuoka(JPN) 2900
3.9

0.14 Tokyo-Yokohama
(JPN)

16300
37.1

0.19

9 Chennai(IND) 1600
8.5

4.0 Taichung(TWN) 5700
5.8

0.12 Busan(KOR) 2500
5.0

0.12

10 Tainan-Kaohsiung
(TWN)

3100
5.1

4.0 Busan(KOR) 2500
5.0

0.11 Osaka-Kobe(JPN) 13600 0.10
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River flood ranking (see figure 6)

Metroarea







Area(km2);
population
(mn)





People
potentially
affected
(mn)




Metroarea







Area(km2);
population
(mn)





Valueof
working
dayslost
(global
index0–1)



Metroarea







Area(km2);
population
(mn)





Valueof
working
dayslost,
relativto
national
economy
(globalin-
dex0–1)

1 PearlRiverDelta
(CHN)

20600
42.4

12.0 Tokyo-Yokohama
(JPN)

16300
37.1

1.00 Ndjamena(TCL) 800
1.2

1.00

2 Shanghai(CHN) 8000
17.6

11.7 Nagoya(JPN) 15600
11.6

0.64 PhnomPenh(KHM) 500
1.6

0.81

3 Kolkata(IND) 3200
19.1

10.5 Osaka-Kobe(JPN) 13500
18.6

0.48 Bangkok(THL) 4500
9.5

0.80

4 Jakarta(IDN) 10600
33.1

10.0 Paris(FRA) 13600
11.2

0.42 Doha(QAT) 1000
1.4

0.52

5 Delhi(IND) 5700
21.9

8.9 PearlRiverDelta
(CHN)

20600
42.4

0.40 Manila(PHL) 2900
20.9

0.46

6 Tokyo-Yokohama
(JPN)

16300
37.1

8.9 Shanghai(CHN) 8000
17.6

0.28 Khartoum(SDN) 2600
5.6

0.45

7 Bangkok(THL) 3500
9.5

7.1 MexicoCity(MEX) 4500
19.6

0.20 Yerevan(ARM) 1800
1.4

0.43

8 MexicoCity(MEX) 4500
19.6

6.1 Bangkok(THL) 4500
9.5

0.20 Baghdad(IRK) 4500
8.0

0.41

9 Cairo(EGY) 3500
17.7

5.5 Amsterdam-
Rotterdam(NDL)

10800
5.4

0.20 Ulaanbaatar(MNG) 1000
0.9

0.35

10 Tianjin(CHN) 2600
5.8

5.5 Milan(ITA) 14900
7.3

0.20 Cairo(EGY) 3500
17.7

0.29

Storm surge ranking

Metroarea







Area(km2);
population
(mn)





People
potentially
affected
(mn)




Metroarea







Area(km2);
population
(mn)





Valueof
working
dayslost
(global
index0–1)



Metroarea







Area(km2);
population
(mn)





Valueof
working
dayslost,
relativto
national
economy
(globalin-
dex0–1)

1 PearlRiverDelta
(CHN)

20600
42.4

5.3 PearlRiverDelta
(CHN)

20600
42.4

1.00 Amsterdam-
Rotterdam(NDL)

10800
5.4

1.00

2 Osaka-Kobe(JPN) 13500
18.6

3.0 Amsterdam-
Rotterdam(NDL)

10800
5.4

0.73 HoChiMinh(VNM) 2’000
9.1

0.32

3 Mumbai(IND) 2600
20.6

2.6
Osaka-Kobe(JPN)

13500
18.6

0.73 PearlRiverDelta
(CHN)

20600
42.4

0.20

4 Tokyo-Yokohama
(JPN)

16300
37.1

2.3 Tokyo-Yokohama
(JPN)

16300
37.1

0.61 Osaka-Kobe(JPN) 13500
18.6

0.15

5 Amsterdam-
Rotterdam(NDL)

10800
5.4

1.8
Nagoya(JPN)

15600
11.6

0.51 Tokyo-Yokohama
(JPN)

16300
37.1

0.13

6 Nagoya(JPN) 15600
11.6

1.7 NewYork-Newark
(USA)

11900
16.5

0.46 Manila(PHL) 2900
20.9

0.13

7 Shanghai(CHN) 8000
17.6

1.4 NewOrleans(USA) 2700
1.0

0.18 Nagoya(JPN) 15600
11.6

0.11

8 Kolkata(IND) 3200
19.1

1.4 Hamburg(DEU) 6000
2.3

0.09 Rangoon(MMR) 1100
4.2

0.10

9 HoChiMinh(VNM) 2000
9.1

1.3 Shanghai(CHN) 8000
17.6

0.07 Bangkok(THL) 3500
9.5

0.09

10 NewYork-Newark
(USA)

11900
16.5

1.1 Fukuoka(JPN) 3000
3.9

0.06 Havana(CUB) 500
2.0

0.08
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Tsunami ranking

Metroarea







Area(km2);
population
(mn)





People
potentially
affected
(mn)




Metroarea







Area(km2);
population
(mn)





Valueof
working
dayslost
(global
index0–1)



Metroarea







Area(km2);
population
(mn)





Valueof
working
dayslost,
relativto
national
economy
(globalin-
dex0–1)

1 Tokyo-Yokohama
(JPN)

16300
37.1

2.4 Nagoya(JPN) 15600
11.6

1.00 Guayaquil(ECU) 900
2.4

1.00

2 Nagoya(JPN) 15600
11.6

2.4 Tokyo-Yokohama
(JPN)

16300
37.1

0.88 Nagoya(JPN) 15600
11.6

0.63

3 Osaka-Kobe(JPN) 13500
18.6

1.8 Osaka-Kobe(JPN) 13500
18.6

0.68 Tokyo-Yokohama
(JPN)

16300
37.1

0.55

4 Shantou(CHN) 5200
10.0

0.7 Busan(KOR) 2500
5.0

0.06 Osaka-Kobe(JPN) 13500
18.6

0.43

5 Kolkata(IND) 3200
19.1

0.6 Izmir(TUR) 1400
2.7

0.06 PanamaCity(PAN) 600
1.1

0.33

6 Dhaka(BGD) 1800
12.9

0.4 Kagoshima(JPN) 500
0.6

0.04 Izmir(TUR) 1400
2.7

0.28

7 Izmir(TUR) 1400
2.7

0.4 Shizuoka(JPN) 2100
1.6

0.04 Busan(KOR) 2500
5.0

0.21

8 Jiaojing(CHN) 2700
3.1

0.3 Shantou(CHN) 5200
10.0

0.04 Tainan-Kaohsiung
(TWN)

3100
5.1

0.21

9 Guayaquil(ECU) 900
2.4

0.3 Tainan-Kaohsiung
(TWN)

3100
5.1

0.03 Jaffna(LKA) 800
0.7

0.15

10 Chennai(IND) 1600
8.5

0.2 Istanbul(TUR) 4100
11.5

0.02 Dhaka(BGD) 1800
12.9

0.13
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