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Objective

Long-term rainfall risk from TCs at location A:
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Approach to long-term risk modeling
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Outline
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1. Solving the Boundary Layer (BL)...
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Boundary layer model 1: Kepert (2001)

Features: Model breaks:

v’ Analytical and depth resolving * for large horizontal gradients = R<2R, .

* BGCsat Z=0 and Z=H— «©  for large vertical gradients = Cp—> o©

« BL scale thickness: 6(R,0 / ' ti
scale thickness: o(R,0) * for high translation velocities = V,>Sm/s

* Accounts for storm translation o _
» under inertial neutrallity = B >1.8

% Linearized version of BL
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Boundary layer model 2: Shapiro (1983)

Features:

» Vertically averaged .

Issues:

% High horizontal velocities

<
x Stability for R>R,, . requires &

Accounts for storm translation

(constant boundary layer depth H=1000m

vertical diffusion coefficient = K=50000m?2/s

\discretization step = AR = 5km
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Boundary layer model 3: Smith (1968)

Karman & Pohlhausen momentum integral method:

« Assume that dependence of V' and U on Z 1s of the Ekman type:

V(R,Z2)= /Vg(R) fZ/o(R)] UR,Z)=E(R) V(R) g|ZI6(R)]
gradient BL scale amplitude

Smith (1968): Ekman solutions

f(n) =-€" (a, sin 5 + a, cos 1)
g()=1-¢" (a, cos n + a, sin n)

winds thickness coef.

« Substitute U and V into the BL equations

« Integrate in the vertical direction accounting for boundary conditions

« Solve ordinary differential equations (ODEs) for E(R) and J(R)

;
o « Stationary hurricanes
Limitations: <

< a,,a, = const. = Applies only for non-slip BCs

|




Modification of Smith (1968) for a moving storm

» Wind speeds (relative to the moving vortex): MS model
7 N
VRO.Z)=2R.0,5 0)} H
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L& L JURCHONSE) 0(r,0,1) = g(r01) V-V sind)- fir01) ¥, cosp+, sind

Q storm translation
f(R,0,n) =-¢" [a;(R,0) sin n + a,(R,0) cos 5] speed

[ & g functions: g(R,0,m)=1-¢" [a;(R,0) cos n + a,(R,0) sin 5]

surface stresses solve a linear system for a, and a,

» Solve a system of non-linear partial DEs for E(R,f) and 6(R,0)



Model comparison: Stationary hurricane
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2. Rain due to large-scale wind convergence

Assumption:

rainrate= upward water vapor flux at the top of the boundary layer

large-scale rainfall intensily/ vertical wind velocity at H

1

normalized to max
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...use MS model to
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Validation using MM5
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Validation: (a) case study using MM35

Hurricane Frances (Aug. 29- Sep. 01, 2004)
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Calibration: (b) using PR/TRMM data
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Rainfall asymmetry due to motion

Rainfall asymmetry (e Motion = MSR + cyclonic redistribution of rain

I(R,0)- I(R)
I(R)

A(R,0) = < * Shear: the difference between the 200 (~10km) and
800-hPa (=3km) wind velocities in the annular region

rainfall intensity ~azimuthal _ between 200 and 800km from the TC center

at (R,0) average
» On average, shear points to the right of motion... (= 75°)
TRMM (observed) MSR (simulated)
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» A motion based parameterization of rainfall asymmetry suffices for risk analysis



3. Statistical model of rainfall fluctuations

An observer-type approach:

\/

<+ Interested in I, (D), the maximum

rainfall intensity at location A for
averaging duration D

g

««. TRMM products are
rainfall snapshots

g

rozen fie i , N

/ \

’ I

assumption

v —
maximum spatially averaged rainfall =D Vt
intensity for a continuously sliding

window of length 1



Statistical model of [/, ())|®]

Jeanne (2004)
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Statistical model of [f|m]

Parsimonious parameterization:

_ _ Id)--. g
E=1In(y")-0.4ln(lysp) p=" > empirical
at \ Tysr(L) rainfall mean
L v ' o
y'= /R function of ® W inside interval L
MSR rainfall
estimate

«..($) ~lognormal
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» Dependence of m,zand o,50n V, ., R, and y is small and can be neglected

max’



Distribution of [y, . (/)| ®]

<*Direct approach : <*Indirect approach:

Imax N )
pmacll) =~ yy = 20

T A [ -~ S
I(L : . , :4
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empirical mean intensity inside a variable with intensity inside |
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Maxima approach

« Calculate the empirical mean and variance of y,,, for different / and I(L)

I(L) < 1mm/h

5
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» Develop parametric expressions for the dependence

of the mean and variance of y,,,.on / and {L)

* Find a suitable distribution model for y, .
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frequency

...Statistical assessment

» For each spatial scale l, use the model to calculate the theoretical non-

exceedance probability of the empirical maxima.

» If the model is correct, then = | F Imax(lm“x»eml’) ~ U[0,1]
Direct approach
" =skm | C miform || i=10km

o

0.2 04 0.6 0.8 1 0

Similar results for
other approaches...
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non-exceedance probability
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4. Application to New Orleans

>Recurrence model for o=[V,_ . R V,.y]' ...andB=1
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Application to New Orleans: IDF curves

Rainfall Risk and IDF curves:

ip(i) =2 | P[Luu(D)>i|o] Plo]do

all ®

IDFs: plots of i against D and
T =1/4,(i) (years)
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- —— TC model

10°
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e Forlarge D and T

TCs dominate risk.

|« For small D applies the rule:

“convection is convection”




Modal valu

Design storms for New Orleans
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Conclusions (1)

» Developed a model of peak rainfall intensities from TCs with the
following characteristics.

Explicit parameterization of the hurricane: ®=[V, , R .V, y]’

Physical model (MSR) to obtain large-scale rainfall given ®

Statistical model for large-scale (storm-to-storm) rainfall fluctuations: 8

Statistical model for small-scale variability on rainfall maxima: y,,, (I)

Calibration and validation using PR/TRMM data



Conclusions (2)

Uses of Model:

< Mean wind field characterization: MS model

< Obtain distribution of maximum rainfall intensity given storm

parameters ®: MSR + Stat. model
< Obtain design rainfall intensities i for given (D,T)
< Obtain design storm parameters ® for given (D,T)

< Assess relative importance of TCs and other rainstorms

< Complement wind, surge, and wave risk models with a rain model



Future Directions

« Develop a simple parameterization for I,,qp.
< Extend to locations farther inland
< Short-term rainfall forecasting

< Apply a similar approach to assess risk from TC winds






