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Tropical cyclone (TC) forecast skill
in the recent 20 years

'||'-"-‘

[ 3 ) NHC Official Annual Average Track Errors ( b} NHC Official Annual Average Intensity Errors
Atlantic Basin Tropical Cyclones Atlantic Basin Trupli:al Cyclones
oy ,":"3' y—_————— '_'___‘.T — 3
[ - e B
.. 1 O Ill
S » —1wn| 96 hr fo;ecast j"'“" £ 96- hrfo%qrcanst\J |
=] = o .
G | ™ | o 48 'hr forecast
% L48- hrforecast \ & [Bhis o Zal
8 IJ-G-T =P T, . 200 % _2h . T ...w.,...____ e A
@ m' e, T 24 hrforecast | \ i
e | 24 hrforeca'sf' S s B e o i e i
—= H- !-f*""".--—n.; 2 b = '11{"} X. =
E s : ".—"'A"""'“""'-r-i--wlm ©
- | | =
|:||: e = e i ey i | —_— = = i i " i | e ; L A . " | - 0
1990 < = 2008 1990 = 2008

(National Hurricane Center website)

»Track: Error halved during the past 20 yrs
»Intensity: Not significant improvement



For the better TC intensity modeling

 Horizontal Resolution
/Ix ~ a few kilometers, at least]

e Data assimilation

[Optimization of[air-sea exchange coefficients]|

/

Significant impact on TC intensity; Highly uncertain

 Model physics
[Coupling to the ocean model; Parameterization]




Max. wind speed in a mature stage (Emanuel, 1986)
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B C«: Heat exchange coefficient (~ Ck)
B Cb: Drag coefficient (Determining the magnitude of friction)
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Schematic diagram: Optimization of Co and Ct
(For simplicity, consider an advection-diffusion egs.)
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Perfect Model Experiment
(Ito et al., 2010)

Simple coupled atmosphere-ocean model is
employed to test the feasibility.

We compare three experiments starting with
wrong Cp, Ce and initial condition (IC).

NoAsm No Data assimilation

|C adjusted

Asm_Coef |Cbp, Ce and IC adjusted




Simple Coupled Model Wind field
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Experimental Setup

Same as forward eqs. except that processes associated
with sound wave and microphysics are not included.

Assim. window 4 days (Day 6.0 - Day 10.0)

Adjoint egs.

Horizontal wind velocity, water vapor mixing ratio,
and mixed layer momentum

Obs. Quantity Every grid within r<100 km, z<5 km (every 12 hour)

[For True] CD: Powell et al.(2003), CE: Arbitrary
[For NoAsm] CD, CE: Large & Pond (1981) (V=30m/s)

Obs. variable

Settings of Cy & C¢

Bg. err. cov. mat. Prescribed: Variance in time of True run-> Magnitudes
B 2D-Fourier analysis of perturbed True runs - Scales

Obs. err. cov. mat. Prescribed: Diagonal matrix. Magnitudes are 1/20 of
O diagonal components of B.

(a) Storm-relative data distribution in R-0 plans wm-relative data distribution in R-Z plana
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Nt Dropsonde obs. project
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o Il ) (Montgomery et al., 2006)




Adjusted Cb and CE

Run with “wrong” Cb
and Ck

Dropsonde obs.
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Optimial estimate: TC intensity

True ~ Asm Coef > > NoAsm

(a) Vmax: Day 6.0 - 10.0 — (b) Pmin: Day 6.0-10.0
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Errors in wind, temperature & humidity

NoAsm

Erros in Wind Fields
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Application to the operational mesoscale DA
system (JNoVA) used in JIMA: TC Chaba (2010)

Typhoon Chaba’s track
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Framework of DA experiments

* JMA Nonhydrostatic Variational DA system (JNoVA) used
for daily forecasts. /x = 5km (outer loop)

“NoCoef”: Optimization of initial condition alone
“Coef”: Optimization of Cp, Ce and initial condition

e Observational Dataset:

Same as operational forecast archived at Japan
Meteorological Agency

e Period of DA experiments:21 hours => 7 Cycles
(from O3UTC October 28 to OOUTC October 29)

Analysis Dataset

|(_N<1025-)_|< > | < >| < >] < > | < >| < >| < >|
| Cycle 1 | Cycle 2 |Cyc|e 3 | Cycle 4 | Cycle 5 | Cycle 6 | Cycle 7 |
2800Z 2803z 28067 28097 28127 28157 28182 2821z 2900z




Cp and Ce: Dependency on wind speed

»Cp in Coef: Saturated over the wind speed of 24 m/s.
» CE in Coef: Further enhanced (in comparison to NoCoef)
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Misfits between model results and observations
integrated over the calculation domain

» Significantly decreased (up to 22%) in Coef compared
with that in NoCoef experiment.
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in Misfit (%)

Coef NoCoef —‘]0
obs = Jobs
NoCoef
Jobs -15
-20

—25



Maximum Wind Speed

> JMA Besttrack: Based on satellite and statistical data.
» Differences: | Coef-JMA|=3.6m/s, | NoCoef-IMA|=7.5m/s
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height (km)

Structual Changes in typhoon Chaba

Wind field [Coef] Wind field [Coef - NoCoef]
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Potential impact on TC track forecast

» Simultaneous optimization yields the better

track forecast.

Track Error (Forecast from 10/28 12:00)
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Summary
(Ito et al., 2010, SOLA; Ito et al., JMSJ, in minor revision)

e Tropical cyclone (TC) intensity (particularly in
a mature stage) largely relies on uncertain
parameter Cp & Ck.

e Simultaneous optimization of Cp, Ce and
initial condition through a 4D-VAR.

 Experiments exhibit the improvements in
reproducing the TC intensity, inner-core
structure and track.

e Forecast in a decay stage is more challenging.



JNoVA using a coupled atmosphere-ocean model

*1-D ocean mixed layer model (Price et al., 1986) is coupled.
*For the case of TC Talas (2011), SST decreases by 1-2 K in the
right of TC pathway (consistent with the satellite observation).

Analysis field: ASST (K)

.=o Initial condition (Ocean)
“SST: As in the original JNoVA

| =SSS, subsurface water property:
| Climatology (WOA 2009)

125 | Ctrl VS Coupled (8 DA cycles)
0.25 ) | *RMSE of Vmax: 2.26m/s - 1.72m/s
0 =+ *RMSE of Pmin: 4.77hPa = 4.67hPa

B | *Mean of minimized J: 2431 - 2408
| Typhoon Talas(2011) |
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Thank you.
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