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Ab strAct

Ur­ban­flo­o­ding­ca­u­sed­by­ex­tre­me­ra­in­fall­even­ts­is­be­co­ming­con­si­de­rab­ly­more­fre­qu­ent­and­more­de­struc­ti­ve.­­Thus,­en­han­ced­
mo­dels­to­pre­dict­ac­cu­ra­tely­flo­od­mag­ni­tu­de­and­lo­ca­ti­on­are­of­pa­ra­mo­unt­im­por­tan­ce.­­The­se­mo­dels­can­then­be­used­for­ur­ban­
plan­ning,­flo­od­fo­re­ca­sting,­flo­od­ma­na­ge­ment­(real-ti­me­con­trol,­ra­i­se­of­flo­od­alerts­(emer­gen­cy­ser­vi­ces­ma­na­ge­ment,­etc.)­and,­
ul­ti­ma­tely,­to­esti­ma­te­flo­od­da­ma­ge­asse­ssment.­­This­pa­per­de­mon­stra­tes­the­ca­pa­bi­lity­of­the­Aut­o­ma­tic­Over­land­Flow­De­li­ne­a-
tion­(AOFD)­met­ho­do­logy­de­ve­lo­ped­by­the­aut­hors­for­flo­od­da­ma­ge­esti­ma­ti­on­in­ur­ban­areas.­­Pro­per­ti­es­in­risk­of­flo­od­are­iden-
ti­fi­ed­ba­sed­on­a­spa­ti­al­anal­ysis,­using­the­lo­ca­ti­ons­of­flo­od-pro­ne­areas­(pon­ds)­and­the­lo­ca­ti­on­of­bu­il­din­gs.­­The­re­sul­ts­ob­ta­i­ned­
in­this­study­open­new­re­se­a­rch­di­rec­ti­ons­to­esti­ma­te­flo­od­da­ma­ge­with­even­more­de­ta­il,­and­ex­tend­flo­od­da­ma­ge­esti­ma­ti­on­
be­yond­pro­perty­le­vel,­i.e.­con­si­de­ring­al­so­traf­ c­di­srup­ti­on,­he­al­th­issu­es­and­ali­ke.

Key words:­ad­van­ced­ur­ban­dra­i­na­ge­mo­del­ling,­flo­od­da­ma­ge­asse­ssment,­Ge­o­grap­hic­In­for­ma­tion­Systems,­ur­ban­flo­od­mo­del-
ling.

AP strAKt

Plav­ljen­ja­ur­ba­nih­po­vr­ši­na­usled­ja­kih­plju­sko­va­po­sta­je­sve­če­šće­i­opa­sni­je.­­Zbog­to­ga­je­ne­op­hod­no­ra­spo­la­gati­sa­kva­li­tet­nim­
mo­de­lom­ko­ji­može­pred­vi­de­ti­in­ten­zi­tet­i­lo­ka­ci­ju­plav­ljen­ja.­Ta­kav­mo­del­se­može­ko­ri­sti­ti­za­ur­ba­ni­sti­čka­pla­ni­ran­ja,­pred­vi­đan­je­
pop­la­va­i­šte­ta­usled­pop­la­va,­kao­i­za­upo­zo­ren­ja­usled­oče­ki­va­nih­pop­la­va.­­U­ovom­radu­se­istra­žu­je­mo­gu­ćnost­pri­me­ne­me­to-
do­lo­gije­za­aut­o­mat­sku­de­li­ne­a­ciju­po­vr­šin­skih­to­ko­va­za­pro­ce­nu­šte­ta­u­ur­ba­nim­po­vr­ši­nama.­Ob­jek­ti­ko­ji­se­pla­ve­se­odre­đu­ju­
na­osno­vu­pro­stor­ne­ana­li­ze,­ko­ri­ste­ći­re­zul­ta­te­­ana­li­za­de­pre­si­ja­na­ur­ba­nim­po­vr­ši­nama.­­Do­bi­je­ni­re­zul­ta­ti­u­ovom­radu­ot­va­ra­ju­
no­ve­ob­la­sti­za­istra­ži­van­je:­uti­caj­bol­je­pro­stor­ne­re­zo­lu­cije­na­pror­a­ču­na­šte­ta,­i­uti­caj­pop­la­va­na­sa­o­bra­ćaj,­zdrav­lje­lju­di­i­sli­čno.

Klju čne reči:­na­pred­no­mo­de­li­ran­je­oti­ca­ja­u­ur­ba­nim­uslo­vi­ma,­pro­ce­na­šte­ta­usled­pop­la­va,­GIS,­mo­de­li­ran­je­plav­ljen­ja­u­ur­ba­nim­
uslo­vi­ma

1   in tro Duc tion

Da­ma­ge­ca­u­sed­by­flo­o­ding­de­pen­ds­ma­in­ly­on­flo-
od­dep­th,­flow­ve­lo­city­and­flo­od­du­ra­ti­on,­as­well­as­
on­cha­rac­te­ri­stics­of­bu­il­din­gs­af­ec­ted­by­flo­o­ding,­
such­as­type,­use,­con­tent­and­num­ber­and­so­ci­al­cla-
ss­of­ in­ha­bi­tan­ts.­ In­ the­ca­se­of­flo­o­ding­orig­i­na­ted­
from­com­bi­ned­se­wers­the­re­is­al­so­pub­lic­he­al­th­risk.­
In­ad­di­ti­on­to­the­da­ma­ge­ca­u­sed­to­the­pro­per­ti­es­
(i.e.­di­rect­da­ma­ge),­flo­ods­can­al­so­ha­ve­sig­ni­fi­cant­
ef­ec­ts­on­eco­no­mic­and­so­ci­al­ac­ti­vi­ties,­which­are­
cal­led­in­di­rect­da­ma­ge.­In­di­rect­da­ma­ge­in­clu­des,­for­
in­stan­ce,­loss­of­pro­duc­ti­on­and­pro­fit,­di­srup­ti­on­of­
road­and­ traf­ c,­ ad­di­ti­o­nal­ cost­ for­emer­gen­cy­and­
cle­a­ning­ work­ and­ he­al­th­ and­ psycho­lo­gi­cal­ prob-
lems­re­sul­tant­from­flo­o­ding.­Esti­ma­ti­on­of­da­ma­ge­

ca­u­sed­by­flo­od­ is­ the­re­fo­re­a­ com­plex­ task­due­ to­
the­ un­cer­ta­in­ties­ in­ both­ flo­od­ cha­rac­te­ri­stics­ and­
un­cer­ta­in­ties­in­eva­lu­a­ting­its­con­se­qu­en­ces.

A­lar­ge­num­ber­of­stu­di­es­ha­ve­tri­ed­to­qu­an­tify­flo-
od­da­ma­ge­in­ac­cor­dan­ce­with­the­cla­sses­de­scri­bed­
abo­ve­ (type­of­pro­perty,­use,­con­tent,­etc.).­Most­of­
the­stu­di­es­con­duc­ted­so­ far­ha­ve­de­alt­with­di­rect­
flo­od­da­ma­ge.­It­se­ems­that­no­agre­e­ment­has­been­
re­ac­hed­on­what­met­ho­do­logy­to­use­for­esti­ma­ting­
in­di­rect­da­ma­ge­ca­u­sed­by­flo­o­ding­(Ryu,­2008).

Flo­od­ dep­th­ is­ of­ten­ used­ to­ cre­a­te­ flo­od-da­ma­ge­
fun­cti­ons,­ i.e.­ cost­ de­pen­ding­ on­ flo­od­ dep­th.­ Ho-
we­ver,­ as­ hig­hlig­hted­ by­ ot­her­ aut­hors,­ ot­her­ flo­od­
cha­rac­te­ri­stics­ such­ as­ flo­od­ ve­lo­city­ and­ du­ra­ti­on,­
sho­uld­ al­so­ be­ used­ for­ esti­ma­ting­ flo­od­ da­ma­ge­
(Bal­mforth­et­al.,­2006).
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Met­ho­do­lo­gies­ to­
esti­ma­te­ da­ma­ge­
ca­u­sed­ by­ flo­o­ding­
even­ts­ sho­uld­ be­
ba­sed­ on­ the­ flo­o-
dab­le­ areas­ and­ its­
cha­rac­te­ri­stics,­ cha-
rac­te­ri­stics­ of­ pro-
per­ti­es­ and­ re­sul­ts­
from­hydra­u­lic­si­mu-
la­ti­ons­ (wa­ter­ dep­th­
and­flow­ve­lo­city).

In­ this­ pa­per,­ the­
Aut­o­ma­tic­ Over-
land­ Flow­ De­li­ne­a-
tion­ (AOFD)­ met­ho-
do­logy­ de­ve­lo­ped­
by­ Mak­si­mo­vić­ et­
al.­ (2009)­ is­ used­ to­
iden­tify­ areas­ li­kely­
to­ flo­od,­ enab­ling­
flo­od­ da­ma­ge­ asse-
ssment­ to­ be­ ma­de.­
It­ is­ aim­ed­ to­ de-
mon­stra­te­ the­ ap­pli­ca­bi­lity­ of­ this­ met­ho­do­logy­ to­
deal­with­prac­ti­cal­prob­lems,­na­mely­to­iden­tify­the­
pro­per­ti­es­ at­ risk­ and­ esti­ma­te­ the­ da­ma­ge­ asso­ci-
a­ted­ to­flo­o­ding­even­ts.­Flo­od­da­ma­ge­cost­ is­ then­
cal­cu­la­ted­using­the­flo­od­dep­th-da­ma­ge­cost­fun­cti-
ons­de­ve­lo­ped­by­Pen­ning-Row­sell­et­al.­(2006).

This­ study­ ta­kes­ in­to­ac­co­unt­only­flo­od­dep­th­and­
du­ra­ti­on­in­the­ca­se­of­re­si­den­tial­pro­per­ti­es;­it­does­
not­ta­ke­in­to­ac­co­unt­flo­od­ve­lo­city­to­esti­ma­te­flo-
od­ da­ma­ge.­ Ne­vert­he­less,­ the­ re­sul­ts­ ob­ta­i­ned­ are­
en­co­u­ra­ging­ to­ furt­her­ de­ve­lop­ the­ pro­po­sed­ met-
ho­do­logy­ in­or­der­ to­ge­ne­ra­te­more­de­ta­i­led­flo­od­
da­ma­ge­esti­ma­ti­on.

2  MA te ri Al AnD Met hoDs

2.1  Ca se study

The­area­of­study­to­esti­ma­te­flo­od­da­ma­ge­is­lo­ca­ted­
in­the­Tor­qu­ay­town­cen­tre­(UK).­Flo­o­ding­even­ts­ca-
u­sed­by­ex­tre­me­ra­in­fall­even­ts­is­fre­qu­ent­in­Tor­qu-
ay,­ma­king­this­a­su­i­tab­le­lo­ca­ti­on­to­test­the­ap­pli­ca-
bi­lity­of­the­flo­od­da­ma­ge­asse­ssment­met­ho­do­logy­
pre­sen­ted­in­this­pa­per,­which­was­de­ve­lo­ped­in­Le­i-
tão­(2009).­Only­part­of­the­Tor­qu­ay­town­cen­tre­cat-
chment­was­used­to­de­mon­stra­te­the­ap­pli­ca­bi­lity­of­
the­flo­od­da­ma­ge­asse­ssment­met­ho­do­logy;­the­area­
used­in­the­anal­ysis­pre­sen­ted­he­re­in­co­rre­spon­ds­to­
the­area­whe­re­flo­o­ding­even­ts­oc­cur­more­fre­qu­en-
tly­and­whe­re­the­da­ma­ge­ca­u­sed­is­more­sig­ni­fi­cant.­
Fi­gu­re­1­il­lu­stra­tes­the­area­of­anal­ysis.

2.2  Met ho do logy

The­anal­ysis­pro­ce­du­re­pro­po­sed­in­this­pa­per­can­be­
di­vi­ded­in­the­fol­lo­wing­steps:
a.­ Iden­ti­fi­ca­tion­of­flo­od-pro­ne­areas­(by­AOFD­met-

hod);
b.­ Iden­ti­fi­ca­tion­ of­ pro­per­ti­es­ af­ec­ted­ by­ flo­ods,­

using­ a­ spa­ti­al­ in­ter­sec­tion­ ope­ra­ti­on­ bet­we­en­
flo­od-pro­ne­areas­and­pol­ygons­of­pro­per­ti­es;

c.­ Esti­ma­ti­on­ of­ flo­od­ dep­th­ for­ each­ flo­od-pro­ne­
area,­ba­sed­on­the­hydra­u­lic­si­mu­la­tion­re­sul­ts­or­
on­the­flo­od-pro­ne­area­ma­xi­mum­dep­th;

d.­ Esti­ma­ti­on­of­flo­od­da­ma­ge­ba­sed­on­flo­od­dep-
th-da­ma­ge­cost­fun­cti­ons­(for­exam­ple,­Pen­ning-
Row­sell­et­al.­(2006))­and­pro­per­ti­es­flo­o­ded;­and

e.­ Map­ping­the­re­sul­ts.

2.2.1  Flo o dab le areas (pon ds)

The­flo­o­dab­le­areas­were­iden­ti­fi­ed­using­the­AOFD­
met­ho­do­logy­de­ve­lo­ped­by­Mak­si­mo­vić­et­al.­(2009).­
Fi­gu­re­2­il­lu­stra­tes­the­flo­od-pro­ne­areas­re­sul­ting­by­
the­anal­ysis­of­ the­Di­gi­tal­Ele­va­ti­on­Mo­del­ (DEM)­of­
the­anal­ysis­area.

2.2.2 Flo od dep th-da ma ge cost fun cti ons

The­UK­En­vi­ron­ment­Agen­cy­has­ca­rri­ed­out­a­tho­ro-
ugh­sur­vey­to­iden­tify­the­type­and­use­of­all­pro­per-
ti­es­in­the­UK;­the­re­sul­ts­of­the­sur­vey­are­com­pi­led­
on­the­Na­ti­o­nal­Pro­perty­Da­ta­ba­se­(NPD).­­The­exam-
ple­of­the­re­sul­ts­ge­ne­ra­ted­by­the­pro­po­sed­met­ho-
do­logy­ to­ esti­ma­te­ flo­od-da­ma­ge­pre­sen­ted­ in­ this­
pa­per­ does­ not­ use­ the­ in­for­ma­tion­ from­ this­ da­ta­
ba­se,­but­is­ba­sed­on­a­sim­pli­fi­ed­fi­eld­sur­vey­ca­rri­ed­
out­on­a­cat­chment­area.­­Only­di­rect­flo­od­da­ma­ge­is­
con­si­de­red­in­this­the­sis­due­to­the­lack­of­agre­e­ment­
on­how­to­esti­ma­te­in­di­rect­flo­od­da­ma­ge.

Fi­gu­re­1.­Area­of­anal­ysis
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The­se­fun­cti­ons­are­ba­sed­on­the­du­ra­ti­on­and­dep-
th­of­flo­od,­and­on­a­de­ta­i­led­de­scrip­ti­on­of­pro­perty­
type­ (e.g­ de­tac­hed,­ se­mi-de­tac­hed,­ te­rra­ce,­ bun­ga-
low),­con­struc­ti­on,­use­and­age­of­pro­perty­(Pen­ning-
Row­sell­et­al.,­2006).­The­esti­ma­ti­on­of­cost­using­the-
se­fun­cti­ons­al­so­ta­kes­in­to­ac­co­unt­the­so­ci­al­class­of­
the­pro­perty’s­oc­cu­pan­ts.­­The­met­ho­do­logy­pre­sen-
ted­in­this­anal­ysis­does­not­ta­ke­in­to­ac­co­unt­flo­od­
ve­lo­city­to­esti­ma­te­flo­od­da­ma­ge.

The­ de­ta­i­led­ de­scrip­ti­on­ of­ the­ da­ma­ge­ asso­ci­a­ted­
with­flo­o­ding­re­pre­sen­ted­by­the­cost­fun­cti­ons­de-
ve­lo­ped­by­the­FHRC,­the­ave­ra­ged­fun­cti­ons­for­re-
si­den­tial­and­non-re­si­den­tial­pro­per­ti­es­were­used­in­
this­the­sis.­­The­se­flo­od­dep­th-da­ma­ge­cost­fun­cti­ons­
were­cal­cu­la­ted­ta­king­in­to­ac­co­unt­the­va­ri­o­us­cost­
fun­cti­ons­ for­ the­ dif­e­rent­ types­ of­ pro­per­ti­es­ and­
uses;­ the­ ave­ra­ged­ cost­ fun­cti­ons­ are­ pre­sen­ted­ in­
Tab­le­1,­and­il­lu­stra­ted­in­Fi­gu­re­3.

The­ cost­ fun­cti­ons­ de-
ve­lo­ped­ by­ the­ FHRC­
al­so­ ta­ke­ in­to­ ac­co­unt­
da­ma­ge­ asso­ci­a­ted­
with­ traf­ c­ di­srup­ti­on;­
this­was­not­con­si­de­red­
in­this­anal­ysis.

The­flo­od­dep­th-da­ma-
ge­cost­ fun­cti­ons­ava­i-
lab­le­ in­ Pen­ning-Row-
sell­ et­ al.­ (2006)­ were­
de­ve­lo­ped­ ba­sed­ on­
2005­co­sts.­­Thus,­when­
the­se­fun­cti­ons­are­ap-
pli­ed­to­a­dif­e­rent­year,­
the­da­ma­ge­co­sts­need­
to­ be­ up­da­ted.­ ­ The­
up­da­te­ can­ be­ ba­sed­
on­the­Con­su­mer­Pri­ce­
In­dex­ (CPI)­ ava­i­lab­le­ in­
Of­ ­ce­for­Na­ti­o­nal­Sta-
ti­stics­(2009).

The­li­ne­ar­ in­ter­po­la­tion­tec­hni­que­was­used­to­esti-
ma­te­ the­ va­lue­ of­ the­ flo­od­ da­ma­ge­ for­ a­ spe­ci­fic­
dep­th,­bet­we­en­two­dep­th-da­ma­ge­va­lu­es,­as­de­fi-
ned­in­Pen­ning-Row­sell­et­al.­(2006).­The­aim­was­to­
know­the­va­lue­of­the­flo­od­dep­th-da­ma­ge­fun­cti­on­
for­x = b,­i.e.­f(b),­whe­re­b­is­the­ac­tu­al­flo­od­dep­th­and­
f(x)­is­the­flo­od­dep­th-da­ma­ge­cost­fun­cti­on.

Assu­ming­a < b < c,­the­li­ne­ar­in­ter­po­la­tion­uses­the­
two­clo­sest­ob­ser­va­ti­ons­ to­b­ to­esti­ma­te­ f(b)­using­
the­Eq.­1.

( ) ( ) ( )
ac
bccf

ac
abafbf

−
−

+
−
−

= ­­ ­ (1)

whe­re­a,­b­and­c­are­flo­od­dep­th­va­lu­es.

The­li­ne­ar­in­ter­po­la­tion­met­hod­assu­mes­that­the­in-
ter­val­ (c − a)­ is­ short­eno­ugh­ to­gu­a­ran­tee­ that­ the­

Fi­gu­re­2­Flo­o­dab­le­areas

Tab­le­1.­Ave­ra­ged­flo­od­dep­th-da­ma­ge­cost­fun­cti­ons­(adap ted from­Pen­ning-Row­sell­et­al.,­2006)

(A)­NON-RE­SI­DEN­TIAL­BU­IL­DIN­GS (B)­RE­SI­DEN­TIAL­AREAS­(EvEN­TS­LESS­THAN­12H­DU­RA­TI­ON)
DEP­TH DA­MA­GE­COST <0.00 11.28

M £­M-2 [0.00;­0.05] [11.28;­202.50]
<0.00 68 [0.05;­0.10] [202.50;­249.25]

[0.00;­0.25] [68;­199] [0.10;­0.20] [249.25;­429.80]
[0.25;­0.50] [199;­336] [0.20;­0.30] [429.80;­481.75]
[0.50;­0.75] [336;­470] [0.30;­0.60] [481.75;­440.11]
[0.75;­1.00] [470;­570] [0.60;­0.90] [540.11;­576.97]
[1.00;­1.25] [570;­637] [0.90;­1.20] [576.97;­609.72]
[1.25;­1.50] [637;­695] [1.20;­1.50] [609.72;­638.92]
[1.50;­1.75] [695;­738] [1.50;­1.80] [638.92;­671.71]
[1.75;­2.00] [738;­776] [1.80;­2.10] [671.71;­698.51]
[2.00;­2.25] [776;­805] [2.10;­2.40] [698.51;­725.26]
[2.25;­2.50] [805;­834] [2.40;­2.70] [725.26;­786.03]
[2.50;­2.75] [834;­855] [2.70;­3.00] [786.03;­814.10]
[2.75;­3.00] [855;­881]
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fun­cti­on­f(x)­has­a­li­ne­ar­be­ha­vi­o­ur­in­this­ran­ge.­

3   re sul ts AnD Di scu ssi on

The­ flo­od­ da­ma­ge­ asse­ssment­ un­der­ta­ken­ in­ this­
study­does­not­ta­ke­in­to­ac­co­unt­the­re­sul­ts­of­hydra-
u­lic­anal­ysis­for­a­par­ti­cu­lar­flo­od­event­or­a­se­lec­ted­
re­turn­pe­ri­od.­In­fact,­this­flo­od­da­ma­ge­asse­ssment­
re­pre­sen­ts­ the­ma­xi­mum­da­ma­ge­ that­ it­ is­ li­kely­ to­
oc­cur­in­the­area,­as­it­is­ba­sed­on­the­ma­xi­mum­dep-
th­of­the­flo­od­pro­ne­areas­(pon­ds).

By­per­for­ming­a­spa­ti­al­anal-
ysis­on­the­lo­ca­ti­on­of­flo­od-
pro­ne­areas­and­bu­il­din­gs­in­
the­ area­ of­ study­ (Tor­qu­ay,­
UK),­ 37­ re­si­den­tial­ bu­il­din­gs­
and­273­non-re­si­den­tial­bu­il-
din­gs­were­iden­ti­fi­ed­as­po-
ten­ti­al­ly­af­ec­ted­by­flo­o­ding­
(Fi­gu­re­4).

Ba­sed­on:­ (i)­ the­area­of­ the­
pro­per­ti­es;­ (ii)­ ma­xi­mum­
dep­th­of­pon­ds;­ and­ (iii)­UK­
FHRC­ flo­od­ dep­th-da­ma­ge­
cost­fun­cti­ons,­for­both­re­si-
den­tial­ and­ non-re­si­den­tial­
pro­per­ti­es,­ the­ ma­xi­mum­
da­ma­ge­ca­u­sed­by­flo­o­ding­
was­ esti­ma­ted.­ ­ The­ re­sul­ts­
pre­sen­ted­ in­ Tab­le­ 2­ were­
ob­ta­i­ned­ for­ year­ 2007­ (i.e.­
da­ma­ge­co­sts­were­up­da­ted­
using­the­CPI­equ­al­to­104.7)­
when­ this­ cat­chment­ re­por-
ted­ flo­o­ding­ even­ts­ ca­u­sed­
by­ex­tre­me­ra­in­fall.

The­ to­tal­ pro­perty­ da­ma­ge­
esti­ma­ted­ for­ an­ ex­tre­me­
flo­od­ event,­ i.e.­ assu­ming­
that­ wa­ter­ re­ac­hes­ the­ top­
le­vel­ of­ all­ pon­ds,­ is­ ap­pro-
xi­ma­tely­£12.6m.­Due­ to­ the­
sim­pli­fi­ca­tion­re­sul­ting­from­
the­use­of­only­flo­od­dep­th­
to­ esti­ma­te­ flo­od­ da­ma­ge,­
the­to­tal­da­ma­ge­cost­mig­ht­
ha­ve­ been­ un­de­re­sti­mated.­
The­ re­sul­ts­ of­ the­ GIS­ anal-
ysis,­ i.e.­ spa­ti­al­ di­stri­bu­tion­
of­flo­od­da­ma­ge,­are­il­lu­stra-
ted­in­Fi­gu­re­5.

The­re­sul­ts­pre­sen­ted­in­this­
Sec­ti­on­ in­di­ca­te­ that­ the­
met­ho­do­logy­ ca­rri­ed­ out­ is­

a­sim­ple­way­to­esti­ma­te­flo­od­da­ma­ge.­Al­tho­ugh­so-
me­sim­pli­fi­ca­tions­ha­ve­been­con­si­de­red­to­esti­ma­te­
flo­od­ dep­th,­ such­ as­ ta­king­ in­to­ ac­co­unt­ the­ ma­xi-
mum­pond­dep­th,­and­to­cal­cu­la­te­the­flo­od­da­ma­ge­

Fi­gu­re­3.­Ave­ra­ged­flo­od­dep­th-da­ma­ge­cost­fun­cti­ons­(adap ted from­Pen­ning-Row-
sell­et­al.,­2006)

Fi­gu­re­4.­Bu­il­din­gs­af­ec­ted­by­flo­o­ding

Tab­le­2.­Flo­od­da­ma­ge­re­sul­ts
RE­SI­DEN­TIAL NON-RE­SI­DEN­TIAL

£ £
MI­NI­MUM 403 81
MA­xI­MUM 80,182 2,738,396

MEAN 17,274 43,977
ST.­DE­vI­A­TION 16,326 180,418
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cost­ the­ met­ho­do­logy­ de­mon­stra­tes­ that­ it­ can­ be­
used­for:­(i)­iden­tif­ying­pro­per­ti­es­in­risk­of­flo­od;­and­
(ii)­esti­ma­ting­flo­od­da­ma­ge/cost.

The­ ef­ect­ of­ the­ sim­pli­fi­ca­tions­ con­si­de­red­ in­ this­
study­sho­uld­be­anal­ysed­in­de­ta­il­by­ta­king­in­to­ac-
co­unt­the­de­ta­i­led­in­for­ma­tion­ava­i­lab­le­in­Pen­ning-
Row­sell­et­al.­(2006),­and­by­lin­king­the­flo­od­dep­th­
and­du­ra­ti­on­ to­ the­hydra­u­lic­ si­mu­la­tion­ re­sul­ts.­By­
com­pa­ring­ the­se­ re­sul­ts­ with­ ac­tu­al­ flo­od­ da­ma­ge,­
it­wo­uld­ then­be­po­ssib­le­ to­assess­ the­ac­cu­racy­of­
this­met­ho­do­logy­to­esti­ma­te­in­de­ta­il­di­rect­da­ma­ge­
ca­u­sed­by­a­se­lec­ted­flo­od­of­a­gi­ven­re­turn­pe­ri­od­
or­by­a­do­cu­men­ted­hi­sto­ri­cal­flo­od­event.­In­the­se-
cond­ca­se,­it­wo­uld­be­al­so­po­ssib­le­to­ca­li­bra­te­the­
re­sul­ts­of­si­mu­la­tion.

In­this­study,­flo­od­was­only­ac­co­un­ted­in­flo­od-pro-
ne­areas­(te­rra­in­de­pre­ssi­ons);­hen­ce­no­da­ma­ge­was­
cal­cu­la­ted­along­over­land­flow­pat­hs.­Thus,­the­num-
ber­of­pro­per­ti­es­flo­o­ded­and­the­re­sul­ting­da­ma­ge­
cost­asso­ci­a­ted­mig­ht­ha­ve­been­un­de­re­sti­mated.­On­
the­ot­her­hand,­be­ca­u­se­flo­od­dep­ths­were­cal­cu­la-
ted­ba­sed­on­the­ma­xi­mum­pond­dep­th,­the­da­ma­ge­
cost­va­lu­es­mig­ht­ha­ve­been­over-esti­ma­ted.

It­ is­ im­por­tant­ to­ hig­hlig­ht­ that­ this­ study­ has­ only­
con­si­de­red­ pro­perty­ da­ma­ge.­ To­ esti­ma­te­ the­ to­tal­
flo­od­ da­ma­ge,­ ot­her­ fac­tors,­ such­ as­ di­srup­ti­on­ to­
traf­ c,­eco­no­mic­ac­ti­vi­ties­and­ot­her­non-di­rect­da-
ma­ges­sho­uld­be­con­si­de­red­se­pa­ra­tely.

4  con clu si ons

It­ was­ de­mon­stra­ted­
that­ the­ de­ve­lo­ped­
met­ho­do­logy­ can­ be­
ap­pli­ed­ for­ esti­ma­ti­on­
of­ da­ma­ge­ ca­u­sed­ by­
plu­vi­al­ (sur­fa­ce)­ flo­o-
ding­ in­ ur­ban­ areas.­­
Al­tho­ugh­ the­ study­
pre­sen­ted­in­this­pa­per­
rely­on­so­me­sim­pli­fi­ca-
tions,­such­as­using­the­
FHRC­ ave­ra­ge­ dep­th-
da­ma­ge­cost­ fun­cti­ons­
(Pen­ning-Row­sell­et­al.,­
2006),­ and­ con­si­de­ring­
ma­xi­mum­flo­od­dep­th,­
it­ pro­ved­ to­ be­ a­ sim-
ple­ and­ re­li­ab­le­ met-
ho­do­logy­to:­(i)­iden­tify­
pro­per­ti­es­at­flo­od­risk­
areas,­and­(ii)­assess­the­
ma­xi­mum­flo­od­da­ma-

ge­ca­u­sed­by­flo­o­ding.

Furt­her­anal­yses­need­ to­be­ca­rri­ed­out­ in­or­der­ to­
ta­ke­full­ad­van­ta­ge­of­the­AOFD­met­ho­do­logy­re­sul­ts­
(pon­ds­and­flow­pat­hs­dep­ths),­hydra­u­lic­si­mu­la­ti­ons­
and­de­ta­i­led­ in­for­ma­tion­ava­i­lab­le­ in­ the­da­ta­ba­se­
cre­a­ted­by­Pen­ning-Row­sell­et­al.­(2006).
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