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Local HIW

= Scale of Local heavy rainfall (~10km, 1-2 hours)

Local heavy rainfall causes urban floods
and influences the functioning of urban life.

Urban flood of Tokyo on 4 July 2000.



Operational mesoscale NWP at JMA

e Started in March 2001 with a spectral
hydrostatic model of 10km L40,
6hourly.

* JMA nonhydrostatic model with 5km
L50, 3hourly after 2006

* Qutputis used for:
— Short-term weather forecast

— Very short range forecast of
precipitation

— Forecast for aviation (TAF), etc.

eInitial condition: Nonhydrostatic 4DVAR (JNoVA)
*Boundary condition: GSM (TL959) forecasts



Modifications for operational
mesoscale NWP at IMA

eStart of Mesoscale NWP (10kmL40 hydrostatic; Mar. 2001)
*\Wind profiler data (Jun. 2001)

*Meso 4D-Var (Mar. 2002)

eDomestic ACARS data (Aug. 2002)

*SSM/I microwave radiometer data (Oct. 2003)

*QuikSCAT Seawinds (Jul. 2004)

*JMA Nonhydrostatic model (Sep. 2004)

eDoppler radar radial winds ( Mar. 2005)

eEnhancement of model resolution to 5kmL50 (Mar. 2006)
eUpgrade of physical processes (May 2007)

eUpgrade of physical processes (Dec 2008)
*Nonhydrostatic 4D-Var (Apr. 2009)

*GPS total precipitable water vapor (Oct. 2009)

¢1D-Var retrieved water vapor from radar reflectivity (June 2011)
eDomain expansion (Mar. 2013)

¢ AMSR2 microwave imager




Meso 4DVAR (Mar. 2002-Apr. 2009)
(Koizumi et al., 2005; SOLA)

The world first implementation of regional 4DVAR for operation.
LT and ADJ models based on MSM (a hydrostatic spectral model) of IMA.

RUC with Ol and PI 4D-Var Observation

valid: 9710 03Z - ¥1006Z valid: /10 Q3Z - ¥1Q06Z validk $/10 03Z - ¥1006Z

D5 1.0 50 10 200 30

3 hour accumulated rain for FT=18

Initial 12 UTC 9 Sep 2001 Horizontal resolution of analysis: 10 km
Horizontal resolution of inner models: 20 km



JMA Mesoscale Model (MSM)

Fully compressible nonhydrostatic model developed by MRI and NPD/JMA (2004-)

3 ice bulk cloud microphysics with the Kain-Fritsch convective parameterization scheme
*Mellor-Yamada-Nakanshi-Niino level 3 closure model for boundary layer
*Nonhydrostaic 4D-VAR (JNoVA) initial condition

Saito et al. (2006; 2007)
g — Salto (2012)




Nonhydrostatic ADVAR (Apr. 2009-)
(JNoVA; Honda et al., 2009)

Operation of JMA nonhydrostatic model (JMA-NHM) in 2004
LT and ADJ models based on JIMA-NHM

Meso 4DVAR JNoVA

=

WIND (ENOT) | MAN=  ad.g4 MIN= 3.358-02 ID= 08B/18 00:001 - WIND  emwomy = h3 o4 MM 2728 02

EE4 _1 - !0 : 20 50 00 .4 _1 - - : | 20 :5:' .‘m:)m(E .
Sawada and Honda (2009)

Initial 15 UTC 17 Aug 2006 Horizontal resolution of analysis: 5 km
Horizontal resolution of inner models: 15 km

3 hour accumulated rain for FT=24



Assimilation of GNSS TPW (Oct. 2009-)

Real time assimilation of TPW data from 1,100 groundbased GNSS
stations (GEONET of the Geospatial Information Authority of Japan).

Radar-AMeDAS with GPS TPW without GPS TPW
FT=3 from 21 UTC 20 July 2009

Shoji (2009; JMSJ), Ishikawa (2009)



1D-VAR water vapor retrieval from radar
reflectivity (June 2011-)
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Threat score of MSM Mar.2001-May.2014 (FT=0-15)
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Very Short Range Forecast of

Ajend) i1seda.o4

Precipitation at JIMA

Very short range forecast of precipitation for
6 hours with a spatial resolution of 1 km is
operationally provided by JMA at every 30

min., based on merging of kinematic
extrapolation of precipitation estimate

(Radar/Rain gauge-Analyzed Precipitation)

A

Merging

and the mesoscale model (MSM) forecast.

MSM
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" @) Japan Meteorological A: %

C A [ www.jma.go.jp/en/radame/
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Analysis and Forecast information

on this

of Precipitation: Japan

Region | Japan

Period of Animation | Analysis for the last 6 hours + 6-hour forecast ¥

Stop

Valid for | < | |21:00 JST. 06 March 2014 (Analysis) v | | =| | Refresh
Animation | Play
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Saito and Makihara (2007)
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http://www.jma.go.jp/en/radame

Performance of VSREF of precipitation at JMA

N 10mm/h  (JJA as of 2002)
. | 2@E2-@885 ¢ CSI AVE ©1.8mm~ m o= Egﬁ % \ | cEEz- 8858 1 IE!SI AYE 1Ei.Eimml/EEikm ¢ ALL | Egﬁ i
8.55 _ PMF Merge N | |
' MSM model
@50 EX6 Extrapolation
55 | PER Persistency

FT

Persistency was better than the model by FT=4.

Extrapolation was better than the model by FT=6.  Persistency was better than the model by FT=6.
Merge barely improved the extrapolation after Merge did not improve the extrapolation at all.
FT=4.

Saito (2013) with courtesy of S. Kumagai, IMA



Performance of VSRF of precipitation at JMA
10mm/h (JJA as of 2012)

g2elg-@85 ¢ CSI  AVE 18.8mm-28km = ALL

Imm/h

PMF Merge

B.65 |- MSM mOdE|

el EX6 Extrapolation
oes | \ PER Persistency

FT

Model is comparable to persistency at FT=3,
and outperforms extrapolation at FT=5.

FER —x—
MSH ——
EXE

7 PuF

Benefit of merge against extrapolation becomes

larger.

FT

Model is comparable to persistency at FT=3,
and comparable to extrapolation at FT=5.
Merge does not improve extrapolation or model.

Saito (2013) with courtesy of S. Kumagai, IMA



Threat score of MSM Mar.2001-Nov.2012 (FT=0-15)
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Approaches to predict local heavy rain

/ Limit of deterministic forecast

_~ Short range forecast for
-~ precipitation

Forecast accuracy

Current —_—
Nowcasting \ \ o~

N

Current NWP model

P Extrapolation

2h 6hr 1day
Reproduced from Saito (2012)

Forecast period



Approaches to predict local heavy rain (1)

Forecast accuracy
Limit of deterministic forecast

Improved
nowcasting —*

Improve the | \ _~ Short range forecast for
nowcasting by \ -~ precipitation
observation and e
high-resolution \ Current NWP model
data assimilation \
P Extrapolation

_ 2h  6hr lday Forecast period
Saito (2012)



Approaches to predict local heavy rain (2)

Forecast accuracy
Limit of deterministic forecast

Nowcasting
— Cloud resolving model
and data assimilation
Reduce the gap _~ Short range forecast for
between -~ precipitation

nowcasting and

NWP by advanced Current NWP model
high-resolution
data assimilation

P Extrapolation

2h 6hr 1day Forecast period

Saito (2012)



Approaches to predict local heavy rain (3)
Predictability by probabilistic forecast

Forecast accuracy
Limit of deterministic forecast
Nowcasting
—_—

N

_~ Short range forecast for
precipitation

Extend the lead
time by high
resolution ensemble
prediction

Current NWP model

\ Ensemble forecast

N
N

Extrapolation

2h 6hr 1day

Forecast period

Saito (2012)



Convective scale data assimilation

Key factor to improve numerical model-based nowcasting and the
very short range forecast for local high impact weathers

» small horizontal/temporal scales
» phenomena in unstable atmosphere

Image © 2006 MDA EarthSat
Image © 2006 DigitalGlobe

vvvvv

* Cloud resolving advanced DA
* high density high frequency
observation data




Cloud resolving NHM-4DVAR assimilation of dense
observations for local heavy rainfalls
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1h accumulated rainfall amount at FT=1h

— Precmm/h (z'= 20m) ol Q00
& S N % In Background, there are no
. £ strong convective areas.
Fan & = _____________ Sﬁfﬁ . . . .
2 In CTL, similar rainfall regions
J;:f; “ (A, B) are seen but their
“ i intensity are very weak.
P iV al | InLDR, both convective areas
i j » Of A and B are much similar to
4 > & . :
Ob t Vet |2 those in observation.
© 0 50km’” |3
servation /o g
[ S S s B S
o1 10 100 200 300 400 s00 (mm 0.1 10 10.0 20.0 30.0 40.0 50.0 >W6c>l:§:ly —
Prec mm ('~ 20m) . vanour 20min N Prec mm/h (z’= 20m) (Vaﬁdhc%lﬁr?o%ﬁgiﬂﬁ 'F5
\ & - E \ . . \ \ -‘% ',
\ = 3 S ¢
{aM, ol South-southeasterly wind
e, ! H Speed: 8-10 m s~
o o o eight: surface - 2 km
gt () _ s/ 8 0 <,
Background | o sun 3| LDR S 5qu~§""?§, Reproduced MCS by NHM-
C [ oo [ e ——————— o 4DVAR (Kawabata et al. 2014)
01 1.0 100 20.0 300 400 500 0.1 1.0 10.0 20.0 30.0 40.0 50.0
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The HPCI Strategic Programs for Innovative Research (SPIRE;
2011.4-2016.3) Field 3: Weather, Climate and Environment
Prediction for disaster prevention
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Field 3

ch' Meeting

§ of ultra-high Precision
y Meso-Scale weather

Prediction{KOBE:2014.03.07)

HPCI Strategic Programs for

4 Innovative Research Flold 3
Advanced Predh(lion Researches for
Nt sl Danantor Provention and Reducton

SPIRE Field 3 Intreduction
Video

® [2014.02.07] New Results of Research was released.(Ultra-high Precision Meso-
Scale Weather Prediction)

® [2013.01.17] The 4th Research Meeting of Ultra-high Precision Meso-Scale Weather
Prediction. (KOBE:2014.03.07)

® [2013.11.117 THE SPIRE Field 3 Research Overview Introduction Video was



http://www.jamstec.go.jp/hpci-sp/index.en.html

The HPCI Strategic Programs for Innovative Research (2011.4-2016.3)
Field 3: Weather, Climate and Environment Prediction for disaster prevention

Research subject @: Super high performance mesoscale NWP

1) Development of cloud resolving 4DDA systems i e
«feasibility of dynamical prediction of BRSO

local heavy rainfall in very sort range
forecast

-
I,
£

MRI, JAMSTEC, DPRI/Kyoto Univ., NIED, ISM

" 2) Development and validation of a cloud resolving ! ;‘\{— fﬁx *’/ xull
ensemble NWP system f & ;ﬁ?j | A ]
-quantitative prediction of the probability 7 |£j e |
of local heavy fall with a lead time to A o T I
disaster prevention QL ﬁ,zfiy N ;4%> hb? ;{}
JAMSTEC, MRI, JMA, Tohoku Univ., DPRI/Kyoto Univ. T e £

* 3) High performance atmospheric model

* Evaluation of model’s uncertainty through
super high resolution numerical experiments
using LES and/or BIN models

EhFH

o 00 0 0

JAMSTEC, MRI, Tokyo Univ., Nagoya Univ., DPRI/Kyoto
Univ., etc.

Bin




http://www.jamstec.go.jp/hpci-sp/strategy/pamphlet_en.pdf

Ultra-high Precision Meso-Scale

Weather Prediction

Managing Director: Kazuo Saito

Director, Forecast Research Department of MRI

Accuracy of numerical weather prediction (NWF) has been remarkably improved in recent years, but precise
prediction of servere metececlogical phenomena such as torrent@l rains and local heavy rainfalls is <l 2 dfficult and
challenging subject due to the following reasons.

1) Accuracy of initial condition is insufficiern for smiall spatial scale of the severe phenomena

2) Mesoscale corvective systemns are often very sensitive to small perturbations of the initia! condition and
computational conditions.

3) Curnudanimbus is not fully resolvable in the horizontal resolution of the current numesical weather pradiction
systems.

Dtz 2ssimiation and the snsemble forecast with the cloud-resclving resolution are reguiredd to overcome above
problems, and the cormnmputationa resource is a key to reduce the compeamise of the resolticns and the numbes of
ensernble members. In this subject, we will perform following theee subjects using the K Computer” and show
feasibinty of precse prediction of severe mescacle phenomera by a doud-resohing NWP systern.

1) Develop of cloud resclving 4 di ional data assimilation systems
(by MRL JAMSTEC, NIED, I5M, DPRI, NPD)

To dynamically predict deep convection and associated local heavy rainfalls, we apply advanced data
assimilation methods such as 40-VAH and local ensernble tranafoem Kalman filter (LETKF) to cloud resclving
madels. Dense cbservation data such as radar reflectivity, Doppler radas radial winds, GPS slant deliy data e
assimiated in storm scale to obtain mare acourate initial conditions. A maximum likefhood ensemble fiter
usng neeghbos ensemnble and 2 partide filter based on the nonhydrostatic mesascale model are alzo under
development.

2) Development 2nd validation of a doud resolvi ble analysis and f system
(byy MRL JAMSTEC, Toboku Univ, DPﬂl.lnbeUm NPD)

A full-szzle regicnal aralysis and pradiction system using an incremental LETF is under development. This
ersemble data assimilation sysiem shares observaticn opesators with the JMA"s operational nonhydrestatic
4DWAR systern, while its target s the quantitative probabilistic forecast fothavylasﬂ jing cloud resohing
ensernble prediction. Results of the probabilistic forecast are validated andum& e input data for
appiication systerns for Gsaster peevention such 25 the enaemnble tver Iinrnad!. y

3) Basic research using very high resolution atmosphenc models
{by JAMSTEC, MRI, ACRI, DPRI, NDA, HyARC, NDA, NPD, AICS, etc)

“K Computes" allows 1o simadate the physical processes in much moe

weather prediction models. Typc:al examp'es of lhephyﬁd -

v‘mhod.'. so called ‘pararr i
evaluate the emar in the mmmandnm the msuua!a

Expected outcome
This study demonstates fexsiility of high pre
computational eesources such 35 the Km
future numerical weather prediction and

w Ay

AUV e B w0 Mo Y oy
e e

° Development of cloud resolving 4 dimensional
data assimilation systems:
'.
‘Tadashi Tsuyukl
{Meteorological Rescarch Instituta)

A two-way nested assmiation system of the local ersemble
transform Ralman filter was developed, and it was appled to
the tornadces that oocusred in the Kanto segion on May 6,
2012 Right figures show 2 result of downscale expenments
which was obtained by NHM with 2 harizontaf resalution of
S0m. Strong wind aver S0 m/s caused by the vortex of
1omado was well reproduced.

Aftes Seko et al (2013)

@ Development and validation of a cloud resolving
ensemble analysis and prediction system:
Hiromu Se_ko

)

Ersembie foracast experiments based on the LETEF were
conductead for the heavy rzinfall case ocourred on 12 July
over Kyushu district. Right figure illustrates the peobabiity of
precpitation ccourmence over 50 mm per 2 hours with a lead
time of 24 hours. Thes result extebits remarkable consistency
with the corresponding ohservation, and suggests it should
become a reliable data source for future decision-making.
Aftes Xuni (2013)

@ Basic research using very high resolution atmospheric models: s

Fujio Kimura
(JAMSTEQ

Right figuee shows temperature distribution at 2 m high
during 3 sunny day simulated by a LES model Although the
ground surface is uniform, 2 fish-net-Fke heterogenecus
distribution is foermed with the arnplitude of about 3 K. We
are going cantribute to improve the accuracy of the
estimatian methods far the exchange of heat, moisture and
mornentum between atmaosphere and bind/sea surfaces as
well 25 the transport processes in the lower atmasphere.
Aftes lto et 2l. 2ZN13)
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| Results ofr Research |
SPIRE “Field 3"
Advanced Prediction Researches for Natural Disaster Prevention and Reduction

Feb. 7, 2014

Super high-resolution modeling of 3D
structures of the sea breeze front head b
the Down-Scaling Simulation
System(DS3)

Sep. 20, 2013

The K computer has made is possible to
model cumulonimbus clouds in the
world's first global simulation model with *
the super-high-resolution, in a f
development that will help us understand thA.2012-N
the mechanism behind the formation of e
typhoons and torrential rain.(Riken HP)

ICAM (Horizontal Resolution = 0.87km)

ax “e i E 1% = 19% w oo Taow W oW ww o wa

Aug. 30, 2013

Forecast experiments for the heavy
rainfall event in northern Kyushu in July
2012 with the K computer

May 16, 2013

Ensemble forecast experiments on
tornadoes that occurred in Tsukuba on
May 6, 2012
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Forecast experiment for Northern Kyushu i@

heavy rainfalls.in July. 2012 —

Northern Kyushu heavy rains in July 2012

3-h accumulated rainfall (OBS)

melW“ﬂ‘ll

11111111
e\

Sun‘ace weather map on 1800 UTC 11 July 2012.
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Ralnfall totals reached as much as Rt
800 mm over 5 days. '
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heavy rainfalls in. July 2012

Experimental Settings

SPIRE

Forecast experiment for Northern Kyushu *'rie

108 %
X _&-c\

(Kunii, 2014, W&F)

* [ETKF settings

Ensemble size
Lateral boundary conditions

Covariance inflation
Covariance localization
Analyzed variables

Observation data

50

JMA Global Forecast
(+ PTBs from JMA Global EPS)

Adaptive (Miyoshi 2011)

200 km, 0.2Inp

u,v,w, t, p,qv, qc, gr, qci, gs, qg
MA CDA4 (U, V, T, RH, TPW)

* NHM settings

Domain size
Horizontal grid spacing

NHM version

241 x 193 x 50
15 km
JMA NHM as of August 2012
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Forecast experiment for Northern Kyushu “'ricis

heavy rainfalls in. July 2012
Experimental Settings

 EPS settings

Ensemble size 51 (50 + CNTL)

JMA Global Forecast
+ PTBs from JMA Global EPS

Domain size 721 x 577 x 50

Lateral boundary conditions

Horizontal grid spacing 5 km

NHM configurations are almost similar to
operational one.

. EPS experiment:
' 201207101200 UTC—-20120713 1200 UTC
every 6-hr (13 cases)

IE i -

(Kunii, 2014, W&F)

Domain for the EPS experiment
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Forecast experiment for Northern Kyushu “'ricis
heavy rainfalls in. July 2012

NHM-LETKF
Forecast
(FT=18)

(Kunii, 2014, W&F)




Probability with longer leads

Probability of precipitation (50 mm > 3-hr) with different lead times
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EPS successfully captures the occurrence of the heavy rainfall before 24 hours.

(Kunii, 2014, W&F)




1000 member LETKF with NHM

MEMS50 MEMS5O0 (localization) MEM1000

PN

40N 40N 40N -

35N{ o (A 4 Co i) 35N - 35N -
‘ he o

30N - C:O "@, 0 30N - 30N A

After 5 days cycle

(Kunii, 2014, JMSJ)



Error covariance with different member size

A horizontal cross section of the error covariance of U

at 500 hPa level

x-direction correlation

_1 1 1 1 1 1 1 1

-800 -600 -400 -200 0 200 400 600 800
distance (km)

M0O010 —— MO0050 ——— MOS500
M0020 ——— M0100 ——— M1000 ———

(Kunii, 2014, JMSJ)



Error covariance structure

Vertical error covariance maps of U
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Tornadoes Occurred on 6" May 2012 "=

(11 UG JSTIay :
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« Damage swath; 17km length
500m width

* One person died and 37 injured

* More than 1000 houses damaged
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Schematic of the Nested LETKF Syste

6hour analysis window
observation data(every hour)

6hour analysis window
observation data(every hour)

LETKF ©observation data(every hour)

6hour analysis window
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- L > N S,.
-Ensemble member :20(12) 1 S B ®

-grid interval 1.875 km

i

3

\
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1 hour assimilation window
observation data (10minutes interval)
cda data (surface + upper),GPS etc.

QL

1 hour assimilation window
observation data (10minutes interval)
cda data (surface + upper),GPS etc

(Seko et al., 2014)
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3D Visualization of 350 m simulation of MCS for the 6 May 2012 Tornado case
by AVS.

Qc: Could water mixing ratio Qci:Cloud ice mixing ratio

Qr:Rain mixing ratio Qs :Snow mixing ratio

© 2014 CYBERNET SYSTEMS CO.LTD. All Rights Reserved. 41
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Downscale Experiments with Ax=350m

Positions of vortices
more than 0.1(1/s)

1

Observed positions

blow . | BARE -
P A Y Yy

| wEFI~F2)

S e ool BEES #9320

S K‘ [10 members (83%} %
e, | Rl duration: 6-36min
" Positions and durations differed among the ensemble members.

*Tornados occurred in three areas, which were the same as
the observations though they were shifted northward by 10 km.




3D Visualization of 350 m simulation of MCS for the 6 May 2012 Tornado case.

MIE & (QR+QS+QG) : 0.002 ~ 0.006
ER& L (QC+QCI) : 0.00025

2012/05/06 02:54 2012/05/06 02:20

isosurface Volume rendering

ORYGS4Q0

Fly through



AVS/竜巻A/movie_wmv/fly.wmv
AVS/竜巻A/movie_wmv/iso_volren.wmv
AVS/竜巻A/movie_wmv/iso_depthsort.wmv
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Downscale Experiments with Ax=50m Fis#=?
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2012/5/6 Tsukuba Tornados

(Yokota et al., 2014)

Latitude

MRI-C Doppler Velocity (m/s)
20120506 12:29:13JST PPI EL=000.5 deg
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MRI MP radar data: courtesy by Meteorological Sattelite and
Observation System Research Department of MRI
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2012/5/6 Tsukuba Tornados

12:30 JST
Winds (m s™1) Temperature (K) RH (%)
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Shear line is detected

(Yokota et al., 2014) A part of AWS data, courtesy by NTT Docomo




2012/5/6 Tsukuba Tornados

Impact of high resolution observations

Conventional data only MRI MP radar and surface AWS
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Amazing pictures of buildings impact

Building—lee eddy

National Geographic/Jian Lou



DS3: 10m-mesh for a urban domain
Chen et al. (2015a; 2015b; Mon. Wea. Rev. in press)

synoptic 1. LETKF >>> High—precision meso forecast
2. CFD >>> Building/complicate surface impact

.
LY
Cﬁzag

Local ‘ urban

i

I‘Jlbs ‘\=|
S 8 IEale

~25km

|E

-

~100km (/Ax~100m) ~25km (Ax~10m)

cloud-resolving building-resolving

Down—-Scaling Simulation System (DS?)
combines JMA-NHM (Saito et al. 2007) + SIMPLERgo (Sha 2008).

JMA-NHM: JMA Non-Hydrostatic Model 14
SIMPLERgo: Semi-Implicit Method for Pressure-Linked Equations Revised, Version-1 Code



Domain Setting of DS’

______________________________________________ N e ot oo e e e ettt o e i it et
(o} Outer domain, 15-km mesh (b) Inner demain. 2-km mesh
- .

N

(c) Downscale domain, 400-m mesh (d) Downscale domain, 100-m mesh

‘J’

n

’|
g |
. ’
’
-
3% }. v
’ |
s -

|River/Loke

,iu 1way/
ndusiry

. snam
Traffic line

Yaste land

Forest
| Cropland

|
4
[
[
1
!
|
|
|
|
1
|
|
|
|
|
|
|
I
| £
Rice padd
: fiesd P o7

15km [
LETKF nesting domains

I
[
1
|
|
|
I
1
|
[
|
!
]
Building :
|
1
I
|
1
|
I
|
|
|
RGRERS O AN IR R R Py Ly Ly el e st sl (Sl st o TP DR N AT oo s S S SRS OAE S 8 S S - clenn i, okl e e g AR fedeled p g I

Full CFD domain:
25km*25km*700m
2500*2500*70 grids

10 km (dx=10 m)



Aerosol concentration (SNR) over Sendai Alrport
at 16 JST, June 15, 2007
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DA assimilation system nested LES
with a horizontal resolution of 10 m

XN EENY
EERHERELRES

SmeSiep: 0

Chen et al. (2015a: 2015b: Mon. Wea. Rev. in press



Building resolving LES
with a horizontal reolsution of 3 m
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Building resolving LES

with a horizontal reolsution of 3 m
Experiment Settings

Grids: 5000x5000x200 (3 billion)
Resolution: 3 m

Forecast time: 520 sec

Output step: 20 sec (93GB per step)

Initiation/boundary conditions:
Forecast fields at 9:50 JST, June 19, 2007.
Test cycle: 2 (w/o buildings) x 2 (initial times)

Maximum Node: 4608 (400) on K computer
Elapse time: 7 h (18 h)

Chen et al. (2015a: 2015b: Mon. Wea. Rev. in press)



Top: U wind over downtown; Bottom: Temperature near station




Wind fields at z=150 m ASL, fcst=500 sec

With buildings

fest=500sec
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Hybrid NHM-4DVAR (Ito et al. 2015; MWR submitted)

- Response to a single easterly wind observation in the

north of a typhoon

- Analysis increment of horizontal wind(t=0, z=1120m)

(a) {dU, dV){NMC, t=-3)

SRS
ﬁ?\)

L N

Analysis increment independent
from typhoon structure vortex

{b) {dU, dV)(Hybrid, t=—3)
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Analysis increment to shift the
typhoon vortex southward




Hybrid 4DVAR for 2011 Northern Kyushu

heavyrainfall case (Ito et al., 2015)

Observation (7/12 06-09LST) | LETKF(FT=15-18)
: L -
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Presentation [6-4] by Kosuke Ito



Cloud resolving data assimilation systems at SPIRE

NHM-4DVar (MRI, JAMSTEC)

NHM-LETKF (MRI, NPD, JAMSTEC)

NHM-EnsVar (MRI) posters ([p-17]Yokota, [p-31]Origuchi)
NHM-Hybrid EnKF-4DVar (MRI, JAMSTEC)

CReSS-Hybid 3DVAR (NIED)

NHM-perticle Filter (ISM)

Adjoint model | Cost function | Ensemble
3DVAR No need minimize No use
4DVAR necessary minimize No use
EnsVAR No need minimize use
LETKF No need No need use
Hybrid 3DVAR No need minimize use
Hybrid 4ADVAR nesessary minimize use




DA Intercomparison

2 km horizontal resolution

200x200 grid for data assimilation domain

Initial guess JIMA Mesoscale analysis

Lateral boundary condition from 2 km NHM downscaling using
JMA Msoscale analysis and global model (GSM) forecast
Rainfall event in TOMACS IOP case (e.g., 18 July 2013)

" NS5 ] L
0 1000 /2000 : 3000 0 1000 2000° 3000
BSE 136E 137E 138E 139E 140E 136E 140E

Lateral boundary condition : 400x400 First guess : 200x200




Tokyo Metropolitan Area Convection Study

A field campaign in the Tokyo metropolitan area with a dense observation network (TOMACS)
was conducted by MRI, NIED and 12 research groups for the summers of 2011-2013.
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WWRP RDP proposal

In July 2013, a part of the project was endorsed as a new RDP of WWRP.

WWRP RDP Science Plan:
Tokyo Metropolitan Area Convection Study for
Extreme Weather Resilient Cities (TOMACS)

Proposers:
T. Nakatani', Y. Shoji?, R. Misumi', K. Saito?, N. Seino?, H. Seko?, Y. Fujiyoshi® and |.

Nakamura®

Institutions

"National Research Institute for Earth Science and Disaster Prevention
2Meteorological Research Institute

3Hokkaido University

¢ Toyo University

1. Project Summary

An unprecedented dense observation campaign and relevant modeling and societal
studies have been conducted since April 2010 by the National Research Institute for
Earth Science and Disaster Prevention (NIED), Meteorological Research Institute (MRI),
and more than 25 national institutions and universities in Japan that target local

high-impact weather (LHIW) in the Tokyo metropolitan area. The objectives of the project, http ://WWW.Wm 0. i nt/pag eS/p ro g/ar

the Tokyo Metropolitan Area Convection Study for Extreme Weather Resilient Cities

(TOMACS), include the 1) elucidation of the mechanism of LHIW in urban areas (e.g., eplwwrp/n eW/d OCU mentS/DOC4_6
local torrential rain, flash flood, strong wind, lightening), 2) improvement of nowcasting TO MACS R D P proposal 2013

and forecasting techniques of LHIW, and 3) the implementation of high resclution
weather information to end-users through social experiments. This proposal describes a 0704. pdf
science plan of the project as the Research and Development Project (RDP) of the World
Weather Research Programme (WWRP) of the World Meteorological Organization

FYTTR A~
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Preliminary experiments using NHM-LETKF for

the 18 Jul 2013 case by Sho Yokota

Initial Condition:
JMA Meso-analysis
at a plurality of times

(interval: 6 hour)

20130718

Boundary condition:
JMA Meso-analysis (- 20130718 09JST)
GSM Forecast (20130718 09JST -)

20130718 Replace ensemble mean
09JST to JMA Meso-analysis 20130718
LETKF Analysis 21JST

20130715 03JST

09JST ~ \\LETKF nalysis
79

Outer-LETKF

Grid interval: 15 km

Grid number: 80x80x40

Ensemble size: 32

Horizontal localization scale: 75km

Inflation parameter: 1.2

Analysis window: 6 hour

(Operational Observations used in
JMA Meso-analysis every hour)

g Baundary Condition every hour
™ 20130718
Inner-LETKF 15JST

Grid interval: 2 km

Grid number: 200x200x40
Ensemble size: 32

Horizontal localization scale: 10 km
Inflation parameter: 1.2

Analysis window: 1 hour
(Observations prepared by
Kawabata-san every 10 minutes
except WPR and DRAW)

Target:
Local rain near Tokyo
in 20130718 17-21JST
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Hybrid NHM-4DVAR by L. Duc 2-hour forecasts
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Lessons from the preliminary DA
Intercomparison experiments

LETKF systems well reproduce the moderate rainfall
in west Tokyo at 17-18 JST, while intense rains
around 21-22 JST is hard to predict unless the
mesoscale analysis is used for the lateral boundary
condition.

Influence of the lateral boundary condition is
dominant when forecast time exceeds 6 hours,
especially in the small domain experiment.

Above results may suggest the necessity to shift the
targeted times for analysis (currently 09 JST) later.

Different events other than 18 July 2013 may be
considered..



In the Strategic Programs for Innovative
Research (SPIRE) Field 3 state-of-the-art
data assimilation methods are
implemented in the K Computer, which
are expected to represent the
atmospheric state more accurately, thus
improving the forecast quality, especially
for severe weather phenomena like local
heavy rainfall. This study describes the
hybrid-4DVAR system developed for the
JMA limited-area non-hydrostatic model
NHM.

The 4DVAR method estimates the
analysis through minimization of a cost
function using the model as a constraint
for the analyzed trajectory. It can be
shown that the analysis is the mode of the
posterior  distribution. The  second
moment of the prior distribution (B matrix)
is required in the definition of the cost
function.

Instead of the mode of the posterior
distribution, the ensemble Kalman filter
(EnKF) estimates the first and second
moments of the posterior distribution.
Although partial information for the
second moment can be obtained, this
information when ingested into 4DVAR
can introduce “errors of the day” into
4DVAR. This blending of the second
moment from EnKF into 4DVAR is named
hybrid-4DVAR in data assimilation.

The NHM Hybrid-4DVAR is a combination
between the NHM-4DVAR  system
developed at MRI and the NHM-LETKF
system developed at JMA with further
improvement in each system. The forward
and adjeint models were derived from a
simplified version of NHM.

There is a two-way interaction between
two sub-systems. NHM-4DVAR estimates
the first moment of the posterior
distribution using partial information of the
second moment of the prior distribution
provided by the ensemble part. NHM-
LETKF approximates the second moment
of the posterior distribution, though enly in
an error subspace, and then combines
this with the first moment estimated by
NHM-4DVAR to propagate the system
state and its uncertainty in time.

In modeling the B matrix , NHM-4DVAR
assumes no cross-correlations among the
control variables. This assumption has
been dropped in the NHM Hybrid-4DVAR
by including the cross-correlations in B as
depicted in Fig. 1.
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Figure 1. Verical and cross comelations among
the control variables in the climatological B
mairix.

In NHM Hybrid-aDVAR the localization
length scales were derives from the
correlation length scales specifying in the
climatological B matrix. Figure 2 shows the
localization function corresponding to the
correlation in Fig. 1. Here, localization
functions were calculated by dilating
correlation functions with a factor of 1.5
(see Fig. 3 for horizontal length scales).
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Figure 2. Vertical and cross localization function
derived from the climatological comrelation model
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Figure 3. Horizontal correlafion length scales
(fop) and the corresponding localization length
scales (bottom) for difierent control variables.

Real observation experiments were
carried out over some heavy rain periods.
The inner model had a domain of
200x200x40 grid points with a 2-km grid
spacing. The outer model was run over
the same domain but with 60 vertical
levels and a resolution of 1 km. The
ensemble part consisted of 50 members
and cycled every 30 minutes.
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Figure 4. 1-hour precipitation observation (upper

left) and the corresponding forecasts based on

NHM Hybrid-4DVAR analyses using different
weights for climatological B and ensembe B
matrices: 100% and 0% (upper right), 50% and

80% (lower left), and 0% and 100% (lower right)
for an intent rain event in Tokyo in 2013.
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Figure 5. As Fig 4. but for the heavy rain event

in Hiroshima in 2014.

Hybrid-4DVAR
experiments by the K-
computer for the 2014
Hiroshima debris flash
flood case

by Duc et al. Poster [p-43]




Debris flash flood model simulation
with the K-computer by Kyoto Univ.
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Summary

Performance of sate of the art mesoscale NWP has been
remarkably improved in recent years , but prediction of LHIW is
still challenging.

Observation data, computational resources and data
assimilation methods for high resolution are key issues.

The K-computer reduces compromise of resolutions and
ensemble members, and shows a prototype of the future NWP
system.

Intercomparion of different DA schemes for CRM is proposed.
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