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λD(i) = λ ⌡⎮
⌠

all ω

 
 P[Imax(D) >i|ω] P[ω]dω

Objective
LongLong--term rainfall risk from term rainfall risk from TCsTCs at location A:at location A:

A

Vt

Katrina (2005)

λλDD((ii):): rate at which rate at which IImaxmax((DD)) exceedsexceeds ii at location at location 
A (events/year)A (events/year)

local recurrencelocal recurrence
((literatureliterature))

TC arrival rate TC arrival rate 
[events/yr][events/yr]

TC characteristicsTC characteristics

focusfocus

IImaxmax((DD):): maximum rainfall maximum rainfall 
intensity at location A for intensity at location A for 
averaging duration averaging duration DD

Risk analysisRisk analysis



Implementation

parametersparameters ωω == [[VVmaxmax, , RRmaxmax, , VVtt, , yy]]

[[IImaxmax((DD)|)|ωω]]
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Validation using PR/TRMM data
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Statistical model of [Imax(l)|ω]

Imax(5km)

 - Imodel(L) 

modelmodel estimate for estimate for 
the mean the mean rainfall rainfall 
intensityintensity inside inside LL

LL=400km=400km

LL≈≈400km400km

 - Imodel(L)  
 - I(L) 

amplification amplification 
factor factor for the for the 

maximum inside lmaximum inside l

γmax(l) β  

corrects the corrects the modelmodel
mean relative to the mean relative to the 

empiricalempirical meanmean
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Statistical models for [ββ||ωω] and [γmax(l)|ωω]

Model for [ββ |ω]
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Model for [Model for [γmaxmax((ll)|)|ωω]]

γmax(l) = 
   Imax(l)

  - I(L)
 maximum maximum rainfall rainfall 

intensity at scale lintensity at scale l

0 20 40 600

0.1

0 20 40 600

0.05

0.1

0.15

0.2

0.25

0 0.5 1 1.5 20

1

2

3

4

5

0 1 20

1

2

3

γmax

ĪĪ((LL) ) ≤≤ 1mm/h1mm/h ĪĪ((LL) ) ≥≥ 10mm/h10mm/h

l=l=
5k

m
5k

m
l=l=

20
0k

m
20

0k
m

empirical PDFempirical PDF
Beta modelBeta model

empirical PDFempirical PDF
Beta modelBeta model

empirical PDFempirical PDF
Beta modelBeta model

empirical PDFempirical PDF
Beta modelBeta model

γmax

parameterize in parameterize in 
terms of terms of ĪĪ



Application to New Orleans

200km

Recurrence model forRecurrence model for ωω == [[VVmaxmax, , RRmaxmax VVtt, , yy]]

VVtt ~~ LN with LN with m m = 6m/s & = 6m/s & σσ = 2.5m/s= 2.5m/s
(Vickery (Vickery et alet al., 2000, Chen ., 2000, Chen et alet al. 2006). 2006)

lognormal lognormal withwith
m = m = 3.9623.962--0.005670.00567ΔΔP, P, σσ = = 0.3130.313

(Vickery (Vickery et alet al., 2000)., 2000)
[[RRmaxmax||ΔΔPP]] ~~

(km)(km)

lognormal lognormal withwith
m = m = 4.8 4.8 ΔΔPP 0.5590.559,, σσ = 0.15 = 0.15 mm
(Willoughby and (Willoughby and RahnRahn, 2004), 2004)

[[VVmaxmax||ΔΔPP]] ~~
((m/sm/s))

shifted lognormal shifted lognormal withwith
mmlnlnΔΔPP = = 3.153.15, , σσlnlnΔΔPP = 0.68, = 0.68, 

Shift par. Shift par. = 18mb = 18mb (IPET, 2006)(IPET, 2006)
ΔΔPP(mb(mb)) ~~

((indind.).)

αα ~ N[~ N[--5.45.4oo,(34.9,(34.9oo))22] ] 
(IPET, 2006)(IPET, 2006)

yy = = --z z coscos((αα))
zz ~ U[~ U[--500km, 500km]500km, 500km] ((indind))

y

z

α

λ = 0.57 events/yr

PP[[VVmaxmax,R,Rmaxmax]]
PP[[VVtt]]

PP[[yy]]

A

Vt

TC

Joint density PJoint density P[[ωω]]
(assuming (assuming indind.).)
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Application to New Orleans: IDF curves
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λD(i) = λ ⌡⎮
⌠

all ω
 P[Imax(D) >i|ω] P[ω]dω

Rainfall Risk and  IDF curves:Rainfall Risk and  IDF curves:

IDFsIDFs:: plots of i againstplots of i against DD andand
T T = 1/= 1/λλDD((ii)) (years)(years)

•• For For largelarge DD and and TT
TCsTCs dominate risk.dominate risk.

•• For For small Dsmall D applies the rule:applies the rule:
““convection is convectionconvection is convection””



Conclusions
We developed a We developed a physicalphysical--statisticalstatistical frameworkframework for for peak TC rainfall peak TC rainfall 
intensitiesintensities

•• Explicit parameterizationExplicit parameterization of the hurricane: of the hurricane: ωω==[[VVmaxmax, , RRmaxmax,V,Vtt, y, y]]

[[IImaxmax((DD)|)|ωω]]
•• Physical modelPhysical model to obtain to obtain largelarge--scale rainfallscale rainfall given given ωω

((interinter--storm variability)storm variability)

•• Statistical modelStatistical model for for rainfall fluctuationsrainfall fluctuations
((intraintra--storm variability)storm variability)

Application to New OrleansApplication to New Orleans

Future workFuture work
•• effect of landfall and topographyeffect of landfall and topography

•• arealareal reduction reduction 

Model Model validationvalidation using PRusing PR//TRMM dataTRMM data

•• TC wind maxima TC wind maxima 

TCsTCs dominate rainfall risk for dominate rainfall risk for 
D D ≥≥ 24h24h andand T T ≥≥ 100 years100 years



Thanks!Thanks!


