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λD(i) = λ ⌡⎮
⌠

all θ

 
 P[Imax(D) >i|θ] P[θ]dθ

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

probability density 
of TC 

characteristics θ

probability that IImaxmax((DD) ) 
exceedsexceeds i in a TC with 

characteristics θ

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



Approach to long-term risk modeling

parameters parameters θθ == [[VVmaxmax, , RRmaxmax, , VVtt, , yy]]TT

[[IImaxmax((DD)|)|θθ]]

y
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1. Vertical winds

MS

Shapiro (high)

Kepert (low)

MM5

VerticalVertical wind velocity at H=1kmwind velocity at H=1km

Simulated Simulated 
Hurricane FrancesHurricane FrancesAnalyticalAnalytical

KepertKepert (2001):(2001):

LinearizedLinearized BL equationsBL equations

It breaks close to the coreIt breaks close to the core……

Slab layer of 1kmSlab layer of 1km

Numerically unstable for R>Numerically unstable for R>RRmaxmax

Shapiro (1983):Shapiro (1983):

High vertical velocitiesHigh vertical velocities……

MS model (MS model (LangousisLangousis et al.et al., 2008):, 2008):

Modification of Modification of SmithSmith (1968) BL model(1968) BL model

include storm include storm 
motion motion VVtt

stressstress surface surface 
boundaryboundary

Numerically Numerically stablestable and and fastfast formulationformulation



2. Rain due to large-scale wind convergence

……use use MSMS model to  model to  
calculate calculate WWHH
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vertical winds vertical winds ((HH==3km3km))

surface surface rainraterainrate

MSR modelMSR model

Assumption:Assumption:
rainraterainrate= upward = upward water vapor fluxwater vapor flux at the top of the boundary layerat the top of the boundary layer

Ī  ∝  WH
large-scale rainfall intensity vertical wind velocity at H

const.= moisture content of air
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Validation: (a) case study using MM5
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•• TMITMI data limitations data limitations biasesbiases

R-CLIPER smearing of high smearing of high 
intensities close to intensities close to 
the corethe core

averagingaveraging over storms over storms 
with considerably with considerably ≠≠ RRmaxmax
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Hurricane Frances  Hurricane Frances  (Aug. 29(Aug. 29-- Sep. 01, 2004)Sep. 01, 2004)

Ensemble averagesEnsemble averages
(13 frames)(13 frames)
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β = 
ĪPR

 ĪMSR
 

38 38 stormsstorms
48483 48483 pointspoints

……almostalmost unbiasedunbiased
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Rainfall asymmetry due to motion

A(R,θ) =  
Ī(R,θ)- Īs(R)

Īs(R)

Rainfall asymmetryRainfall asymmetry

rainfall intensity 
at (R,θ)

azimuthal
average

•• Shear:Shear: the difference between the 200 (the difference between the 200 (≈≈10km10km) and ) and 
800800--hPa (hPa (≈≈3km3km) wind velocities in the annular region ) wind velocities in the annular region 
between 200 and 800km from the TC center  between 200 and 800km from the TC center  

•• MotionMotion MSRMSR

On average,On average, shear shear points to thepoints to the rightright ofof motionmotion…… ((≈≈ 7575oo))

Ensemble average over all Ensemble average over all 
TC TC intensitiesintensities and and shearshear

magnitudesmagnitudes

Ensemble average over all Ensemble average over all 
TC TC intensitiesintensities and and 
translation speedstranslation speeds

shear

Distance from TC center (km)

TRMM (observed) MSR (simulated)

motion

Distance from TC center (km)

A motion based parameterization of rainfall asymmetry suffices fA motion based parameterization of rainfall asymmetry suffices for risk analysisor risk analysis



A

Katrina (2005)

3. Statistical model for rainfall fluctuations
An observerAn observer--type approach:type approach:

Interested Interested inin IImaxmax((DD)),, the the maximum maximum 
rainfallrainfall intensity at intensity at locationlocation AA for for 
averagingaveraging durationduration DD

maximum maximum spatially averaged rainfall spatially averaged rainfall 
intensityintensity forfor a continuously sliding a continuously sliding 

window of lengthwindow of length ll

l =l =DVDVtt

Frozen field Frozen field 
assumptionassumption

Imax(D) = Imax(l)  

……TRMM products are TRMM products are 
rainfall snapshots rainfall snapshots 

Vt

l l 
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|y|=120km
Vt Imax(l) =   

Statistical model for Imax(l) given y

Imax(5km)

 - IMSR(L)  

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

LL=400km=400km

LL≈≈400km400km

 - IMSR(L)  
 - I(L) 

ε  

amplification amplification 
factor factor for the for the 

maximum inside lmaximum inside l

γmax(l) 

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

empiricalempirical meanmean •• rainbandrainband fluctuationsfluctuations

•• modelmodel biasesbiases
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Statistical model for ε given y

ε =
- I(L)

 - IMSR(L)
 

MSR MSR rainfall rainfall 
estimateestimate

empirical empirical 
rainfallrainfall mean mean 

inside interval Linside interval L
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σσlnlnεε((yy)= )= --0.00610.0061((||y|/Ry|/Rmaxmax))22+0.13+0.13((||yy|/|/RRmaxmax))+0.63+0.63

mmlnlnεε((yy)= )= --0.0210.021((||y|y|//RRmaxmax))+0.38+0.38

Statistics of lnε

……εε ~ lognormal~ lognormal
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……for a generic scale lfor a generic scale l and yand y--locationlocation

LL

Ii(l)

Two statistical models for γmax(l) given y

empirical empirical mean mean 
inside Linside L

γmax(l) = 
   Imax(l)

  - I(L)
 

maximum maximum rainfall rainfall 
intensityintensity inside a inside a 

continuously sliding continuously sliding 
window of length lwindow of length l

Maxima approach :Maxima approach :
M1M1

γi(l) = 
   Ii(l)

  - I(L)
 

average average rainfall rainfall 
intensityintensity inside linside l

random random 
variable variable with with 

unit meanunit mean

γγmaxmax= = maxmax{{γγ11, , ......, , γγL/lL/l}}

Marginal approach:Marginal approach:

M2M2
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…overall evaluation
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l=5kml=5km l=10kml=10km

l=25kml=25km l=50kml=50km

l=100kml=100km l=200kml=200km

l=5kml=5km l=10kml=10km

l=25kml=25km l=50kml=50km

l=100kml=100km l=200kml=200km

For each spatial scale For each spatial scale l l and distanceand distance yy, use the , use the model  model  Imax(l) =  - IMSR ε γmax(l) 

to calculate the to calculate the theoreticaltheoretical nonnon--exceedanceexceedance probabilityprobability of the of the empirical maximaempirical maxima..

Shape close to Shape close to 
uniformuniform

good good agreementagreement between between empiricalempirical and and theoreticaltheoretical
maxima maxima at all scales lat all scales l



Conclusions
We developed a statistical We developed a statistical frameworkframework to calculate to calculate peak rainfall intensitiespeak rainfall intensities
from from TCsTCs::

•• Explicit parameterizationExplicit parameterization of the hurricane: of the hurricane: θθ==[[VVmaxmax, , RRmaxmax,V,Vtt, , yy]]TT

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

((interinter--storm variability)storm variability)

•• Scale dependentScale dependent statistical modelstatistical model for for rainfall fluctuationsrainfall fluctuations
((intraintra--storm variability)storm variability)

We showed that for We showed that for risk analysisrisk analysis it suffices to parameterize it suffices to parameterize rainfall rainfall 
asymmetryasymmetry in terms of in terms of motionmotion TC tracks readily availableTC tracks readily available

We We validatedvalidated the model using the model using MM5MM5 and and PRPR rainfall data from TRMMrainfall data from TRMM

Future workFuture work
•• effect of topography during landfalleffect of topography during landfall

•• arealareal reduction reduction 



Thanks!Thanks!


