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History |

Typhoon Vera (1959) !

Life: 21 - 27, Sep 1959 Surface Weather Map (21 JST 26 Sep 1959)
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Vera or “Ise-wan typhoon” is referred to as
Flooded houses: 363,011 the most disastrous typhoon in Japan due to
the record-breaking storm surge.
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History

Operational Forecast for Vera in 1959
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History

! Weather forecast for Vera with Current NWP !

Operational 4D-Var (2008-2020)

v-y\

F z@ ""/‘dy’i‘};g:i " 2

@
L.
OJ‘
(‘c? é
G \?9 ;
e Gobal Reaha by o ey NHM (20kq Succeed to simulate Veral A
. JRAS R e W ,
bhoon e
ed g
3 R R

Upper Sounding, SHIP, SYNOP



History |

Prediction of Typhoon Vera !

JMAs first satellite, GMS was launched in 1977 S-band radar on Mt. Fuji

MSM_IR INIT 1959.09.26 00UTC KT=01 started operation in 1964 |
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Now, e have high ability to predict
track and intensity of typhoons and weather
by using advanced NWP systems and HPCs!
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Deterministic

I Predicting LLocal Storms

Large-scale forcings

Small-scale forcings |

I.ocal Storms

W
Small scale in space ‘

\

Large variation in time

%Hard to predict!
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i J Observing Local Storms ‘

S ateﬂite GN S S

Cloud 10 km
Wind

Temperature //ﬂ\L\WZ

For successtul prediction of severe local storms, need to observe

* environmental fields (WV, wind, temp) surrounding the storms
: e water substances inside the storms

using remote sensmg with high frequency and density.

Rich water vapor

Wind convergence

H. R. Byers and R. R. Braham. Jr. (1949)
modified by Kawabata




Two Approaches for

Predicting Severe Local Storms |

I. Deterministic prediction

. Quantitative prediction detecting when, where, how much
Limited within 3~5 h due to chaotic behavior of the

atmosphere

2. Probabilistic prediction (ensemble)

Precise probability with less sampling errors!
Applicable for 24 h




Deterministic

NHM-4DVAR
(Kawabata et al. 2007; 2011; 2013; 2014a, b, 2018a, b)

Model
® Forward model: JIMANHM with full physics (Former JMA operational meso-scale model)
® Adjoint model: Dynamical core, Cloud microphysical process (warm rain; w/o parameterization)
Observation
® Doppler radial velocity, radar reflectivity, polarimetric parameters,

GNSS precipitable water vapor, slant total delay, zenith total delay,

Doppler wind lidar, RASS, wind profiler, surface wind, surface temperature, surface pressure
Horizontal resolution

® 2.0 km (0.5 km)
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Deterministic

| Predicting Linear MCS |

Assimilating reflectivity, Doppler radial velocity and PWV

Obs 2080]ST Betl 20BAST
HANEDA Reflectivity(dBZ)  PPI HANEDA Reflectivity(dBZ)  PPI
2005-09-04 21:30JST elevation=0.7deg 2005-09-04 21:30JST elevation=0.7deg
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Kawabata et al. (2011)



Deterministic ‘

Predicting Cumulonimbus

Assimilating Doppler radial velocity and PWV  Kawabata et al. (2007)

10-min rainfall amount

Observation Forecast result (obs, model) |
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First study to predict an isolated cumulonimbus

from the initiation to the end in comparison with observations




| -u gé-éﬁﬁ—ﬁw-ds,éﬂ—u

DN BB LD B BBB S B BB R BB BB B DD BBR B BB 585888

Fp AL

AR
gadaa
7 rr.r

s 2

"V:' 'l A

L r L r LY
2 rE e

-----

d~»£¥%né@ﬂd
%"xﬁﬂﬁﬁﬁﬂﬁﬁﬁw
B A
ﬁxwgdﬁdw # &A%

- - Zyﬂééa#

7R 4 2 A 6
3”“'ﬁ# P L
o v #Aw (8 o8

! = 5

bt
c:ﬂ_"

#~ o
.4’
#
5 4
4

ﬁ
d.

d

ﬁﬁﬁﬂﬂﬁ#ﬁ#ﬁdﬁﬁﬂﬁﬁ&%

i B s AR B AR

s

1000 Linear MCSs

= W

éwdwai.ﬂgm&aiwdwam.
'ﬂﬁﬁaﬁﬂﬂﬁﬂéﬁ#ﬁﬂﬁﬁﬁﬁﬂ:
o el

initialize by NHM-LETKF

(2 km, 24-h)

57 I B e 5}

m#k
< A B A

Frry
# A
i &
==
e s
w5

B ,gﬂayﬁﬁﬁdwﬁﬁawdﬁﬂ

o - &#dﬁd,ﬁﬁyﬁd‘ﬂdﬁdavﬁé

Probability Distribution
(> 20mm/1-h)

LET%()OO ENS ()ﬂl gOmml 6h F < X

/‘j’ / e
. \‘" w‘/‘ /

\“J'_)"

4QwaﬁaﬂJ

bt
T

o B
7 A A
%éﬁ
»ﬁxﬁj

I o 2 2 L _
i A R 5 A R G A A S
e rrrrrrrrrryer
AR g R e B g B o A B e

3Eﬁﬂ”

NBE R B RBGRABABAERE

“M#&a

bt
o i'

e
is
£ 5 4
=y
T .

ﬂwﬁﬂﬁﬂ#mdﬁﬁmﬁaﬁ

'bl-"

ﬂﬁﬁdﬂdﬁijéﬁadé

........

.......



— ‘ Probabilistic Prediction [

|
| Deterministic prediction Probabilistic prediction
7/4 Radar Observation started with ensemble mean with 1000 members e
0JST RIAD3L, [ == " 5 By ET 03 LETKEL)00 ENS 030 50mm9sk Fogesssd |
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Duc et al. (2021)




NHM-RPF

Kawabata and Ueno 2020, MR

* Particle Filter with nonlinear process and non-Gaussian PDEF

* Sampling Importance Resampling (SIR) filter
* IMANHM (Satto et al. 2006; 2007; 2012)
The JMA mesoscale nonhydrostatic model
- 2-moment cloud microphysics (3-ice)
- Deadorff (1980)
-2 km
* Observation operators (NHM-4DVAR)

Adaptive R-Estimator (ARE: Ueno and Nakamura 2016)




| Predicting Cumulonimbus

PF
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Predicting Non-Gaussian PDFs

for Severe 1L.ocal Storms
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Impact-based

I ImPact—based Forecast I

Predicting hazard (impact on people’s life)
under collaboration of

meteorology, hydrology, oceanography, etc

H ‘drologlcal Model for Flooding
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Oizumi et al. 2020
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Impact-based

Predicting Storm Surge
by Typhoon Vera (1959)

StoryrIxmn Surge by Typhoorn Yelra
Date :1959 /09 /26 ,/03(UTC)
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Impact-based Run-off Index \
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Impact-based

Probability of exceeding the historical maximum

Probabilisticisi
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Toward Successful Forecast
on Severe I.ocal Storms

— Beyond Weather Forecast —

Ik

Data Assimilation

High-frequent and dense remote-sensing observations
Advance data assimilation (4D-Var, EnKF, EnVar, PF)

Probabilistic Prediction

Large ensemble for less sampling errors
Explicit non-Gaussian PDF

Impact-based Forecast

Coupled with hydro-, storm-surge-models




Thank you for your attention

Call for Papers: Special Edition on

the Frontier of Atmospheric Science with High Performance Computing

in Journal of the Meteorological Society of Japan (JMS])
Chief Editor: Takuya KAWABATA and Scientific Online Letters on the Atmosphere (SOLA)

Publication: (JMSJ) In regular issues of 2023-2024 (special collection on web)
(SOLA) In special editions of 2023-2024

. Deadline of submission: August 31 2024 .

* Many simulation studies in meteorology, oceanography, atmospheric chemistry, and other
related sciences have been conducted using high-performance computing (HPC)
technologys,.

* The advent of such HPC facilities has contributed to significant progress in atmospheric
science by allowing for super-high resolution simulations, large ensemble simulations, and
assimilation of observational big data.

 This special edition accepts papers on meteorology, climate change, and
environmental science with high-performance computing technology
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History

‘ Death Tolls by Natural Disasters in Japan

Persons

2000 - Mikawa Earthquake (2,306) 1995 South Hyogo Prefecture
/\/Iakurazaki Typhoon (3,756) Earthquake (6,437)
6000 - :
Fukui
Earthquake Asewan Typhoon (Vera; 5,098
2000 - (3,769)
. ’ Nanki Heavy Rainfall (1, 124) Great East Japan l
4000 - — Earthquake &
Toyamaru Typhoon (1,761) Tsunami (18,475)
3000 - 7

2000 -

I
1000 -
, ALl |

1945 1955 1965 1975 1985 1995 2005 2011




