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Data assimilation at MRI

 The 2nd Research Laboratory in Forecast Research
Department

— Development of advanced mesoscale data assimilation
methods

— Development of utilization techniques of observation data
— Development of mesoscale ensemble prediction methods

e The first Research Laboratory in Typhoon Research
Department
— Optimum observations for typhoons
— Analysis of tropical thermal environment



Topic

e Mesoscale ensemble forecast

— Ensemble forecast experiment for Nargis

* NHM-LETKF

— Applied for local heavy rain cases.



nternationa roject tor
Prevention and Mitigation of

Meteorological Disasters in Southeast Asia

A Research Program for 2007.7-2010.3

(1) Fundamental Research and System Development
Kyoto University

® downscale NWP experiments

® advanced data assimilation schemes

® assessments of the impact of new gbservational data on NWPs

® decision suppoTT system for the mitigation of meteordgrealdisasters

-Network

Internatio

for Prevention an Mitigation of
Meteorolo in SE Asia
(2) OperationatMedel (3)Reat=Time Experiment
Development ITB and others
MRI/IJMA ® near-real time downscale NWPs in SE
® improvement of the JMA NHM Asia :
@ international collaborations on NHMs .| ® international collaboration center based
® data assimilation in the tropics on T8







| Purpose |

e Experimental downscale NWPs in SE Asia
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Myanmar Cyclone Nargis in 2008
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Forecast experiment of cyclone Nargis

* Initial condition: JMA’s high resolution global analysis
at 12UTC 20 April 2008 (0.1875 degrees 60 levels)

* Boundary condition: JMA’'s GSM (TL959L60)
forecast

(0.5 degrees, 17 pressure levels, 6 hourly)
« JMA’s global land/SST analyses

« NHM with a horizontal resolution of 10 km 1s used
with a domain of 341x341

>& Above data are archived at Kyoto University and are
accessible for Southeast Asian Researchers.



Nargis Forecast Experiment

Input Data -

Initial Value: JMA
GA(2008.0430.12UTC)

Boundary Value: JMA 20km GSM Forecast
JMA LAND and SST analyses.

NHM Forecast -

Horizontal 10km grids (341x341),
40 levels. At=40sec.

Results are compared to GSM and best tracks
by the RSMC New Delhi and JTWC. Kuroda et al. (2010, JMSJ )
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Predicted surface wind by NHM
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Storm surge simulation

Princeton Ocean Model

(POM; Blumberg and Mellor, 1987)
Free Surface, 3D Noncompressible.
Implemented to this study by Kohno.

2008-4-30.1200UTC Init.
- Initial State: Static
- Input: surface wind and pressure,

Resolution: 2 minutes mesh(= 3.5km),
3D (12 layers: 6 Coord.)

Domain: 84E-99E, 10N-23N (451 X 391 grids).

Time step: 2 sec.(explicit mode), 60 sec.(implicit mode). .

Ext.Bnd: flow in/out due to balance on surface pressure.
Sea/Land Bnd. : flood and drying-up are not considered. |
Calculate on surge deviation (not on astronomical tide).



Simulated storm surge

at Irrawaddy river point e
(16.10N, 95.07E) wﬂ‘"‘ [Waterny .'ee.aneasm\eepeldhcau‘...x_.s»-‘i : ‘
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Maximum water level 0.7m

20km GSM Forecast Used

Maximum water level 3.2m

10 km NHM Forecast Used

Kuroda et al. (2010, JIMSJ)




Mesoscale ensemble prediction of Nargis

Dataset Horizontal Lev | Time Format
Resolution -els

NCEP GFS 1.0x1.0 deg. 27  Init. : Every 6hr

Forecast Valid: Every 3hr

NCEP GFS 1.0x1.0 deg. 27  Every 6hr GRIB

Analysis

JRA25 (55) 1.25x1.25 deg. 24  Every 6hr GRIB

JIMA GSM 0.5x0.5 deg. 18  Init. : Every 6hr GRIB2

Forecast 1.25x1.25 before Valid: Every 6hr GRIB before

(JMBSC) 2007.11.21 2007.11.21

IMA GA 0.1875 deg. 60  Every 6hr NuSDaS
~ 20km (n)

JMA One- 1.25x1.25deg. 11  Init.: 1200UTC NuSDaS 51

week EPS daily

Valid: every 12hr
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Accuracy of the ensemble mean
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Fig. 13. a) Root mean square errors of U, V. T, T-TD and Z at 700 hPa level at FT=24
against the analysis of 12 UTC 1 May 2008. From left to nght. control run (dark shaded bar).
ensemble mean without the lateral boundary perturbation (WepNone: white bar) and
ensemble mean without the lateral boundary perturbation (WepWep: light shaded bar). b)
Same as 1n a) but at FT=48 against the analysis of 12 UTC 2 May 2008.

Saito et al. (2010, JMS)J)



Simulated Storm Surge at Irrawaddy river point
(16.10N, 95.07E)

uv—wind speed(m/s): all uv—wind speed(m/s): all
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Simulated Storm surge at Irrawaddy river point
(16.10N, 95.07E)

uv—wind speed(m/s): all uv—wind speed(m/s): NHM.Ens.Mean used
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Probabilistic prediction of storm surge
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Time sequence of the maximum, minimum and center magnitudes of
tide levels at the Irrawaddy point. Widths between 25 % and 75 %
probability values are depicted with solid rectangles, whose upper and
lower sides correspond to 25 % and 75 %, respectively.



LETKEF nested system
for the cloud resolving model

Hiromu Seko, Tadashi Tsuyuki, Kazuo Saito (MRI/JMA)
Tohru Kuroda (JAMSTEC)
Tadashi Fujita (JMA)
Takemasa Miyoshi (Univ. of Maryland)



Necessity of
a nested assimilation system

" Local heavy rainfalls cause urban flash floods.

To reproduce local heavy rainfalls, mesoscale convergence
and convection cells should be reproduced simultaneously
by the numerical models with large and small grid
intervals.




Necessity of
a nested assimilation system

" Local heavy rainfalls cause urban flash floods.

" To reproduce local heavy rainfalls, mesoscale convergence and
convection cells should be reproduced simultaneously by the
numerical models with large and small grid intervals.

An X-band radar network and a Ministry of Land,
GPS network have been established [Mfestuetue,  fas -
. . . . ransport and To rﬁ;n

in Japan. This high resolution data 4
can be used as assimilation data to
improve the forecast of the intensity
and positions of convection cells.




Necessity of
a nested assimilation system

" Local heavy rainfalls cause urban flash floods.

" To reproduce local heavy rainfalls, mesoscale convergence and
convection cells should be reproduced simultaneously by the
numerical models with large and small grid intervals.

* An X-band radar network and a GPS network have been
established in Japan. This high resolution data can be used as
assimilation data to improve the intensity and positions of
convection cells.

 LETKF (Local Ensemble Transform Kalman Filter;
Miyoshi and Aranami, 2006) was used in this study. To
reflect the results of the inner LETKEF in the outer model,
a two-way nested system has been developed.



Sakai-city intense rainfall event
| On 5th Sep 2008 Rainfall region

~=, extended
northeastward

- i
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Echo distribution observed
by conventional radars (5% Sep. 2008)

Ten minute rainfall amounts
from 14 to 17 JST at Sakai-city.

1%h 16h



Sakai-city intense rainfall event
/ W 7 A I

A\ 2 14JST
e There was a high temperature area at Osaka
and a thermodynamic low system was generated here.
* A northeasterly flow and a southerly flow were

converged at the Osaka Plain.




Schematic of nested LETKF system

6hour analysis window 6hour analysis window 6hour analysis window
observation data(every hour) LETKE observation data(everv hour) | FTKFobservation data(every hour) LETKF

cﬁdaﬁ(wﬁce ﬂuppﬂ) :m ()ll ter LETKF si;rtdatjl(sujlce Eppeﬂ analysi

{r b dF b

Forecast \{ -
—Ensemble member 20(12) 3 r ~o 8’ o
—Grid interval:15 km § = - g"
ST douns Inner LETKF -
o
<
=
T

i %r“ | %‘%‘%ﬁ %’%’%ﬁﬁﬁf

Outer LETKF
1 hour assimilation window 1 hour assimilation window

% observation data (10minutes interval) .Observat|on data (10minutes
cda data (surface + upper),GPS etc. interval)

cda data (surface + upper),GPS etc

A
Cﬁiﬂw”‘ * To reproduce local heavy rainfalls,
7 mesoscale convergence and convection
Inner .
LETKF cells should be reproduced simultaneously.

=> Nested assimilation system was used.
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Schematic of nested LETKF system

/ 6hour analysis window
observation data(every hour)

cda data (surface + upper)

||l

6hour analysis window

LETKF
analysis

|

cda data (surface + upper)

observation data(every hour) | pTKF observation data(every hour)  LETK
analysis cda data (surface + upper) analys|s

1111

6hour analysis window

Forecast

—Ensemble member 20(12) 5 & ; -
—Grid interval:15 km § =Y D § > ¥

o) o
& boundary = %_ & boundary i g'
3 —
Forecast J\ g
> N R " > L$ L =
—Ensemble member :20(12) | §

—grid interval 1.875 km | | H ‘ ‘ ‘ I IH” || I” || ” I ‘ | H‘ ‘ IH “ ‘ H

Wi

%

?§>

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

1 hour assimilation window
observation data (10minutes
interval)

cda data (surface + upper),GPS etc

*The outer LETKF with a grid interval of 15 km
assimilates the conventional data of Japan
Meteorological Agency. Assimilation window

was 6 hours.



Schematic of nested LETKF system

6hour analysis window 6hour analysis window 6hour analysis window

observation data(every hour) LETKE observation data(every hour) LETKF observation data(every hour)  |ETKF

cda data (surface + upper) analysis cda data (surface + upper) analysis cda data (surface + upper)  analysis

NV M N NV }\’j7 V WV NV N
Forecast
—Ensemble member 20(12) 5 = =
—Grid interval:15 km § =Y § oo
o boundary % g'
Forecast J\ 2-
S N c
—Ensemble member :20(12) ° : §
—grid interval 1.875 km | | H ‘ ‘ I I IH” || ” || ” I ‘ | ‘ H ‘ I H “ H H
/ \ 1 hour assimilation window 1 hour assimilation window
; ; observation data (10minutes interval) observatio.n data (10minutes
cda data (surface + upper),GPS etc. interval)
— ] cda data (surface + upper),GPS etc
?%7\ T "Inner LETKFs were deployed in the outer LETKEF.
" Boundaries of the inner LETKFs were overlapped
\ . to reduce the regions that were determined

by the outer LETKEF.



Schematic of nested LETKF system

6hour anaIVSiS window 6hour analysis window 6hour analysis window

observation data(every hour) LETKF °bservation data(every hour) LETKFE observation data(every hour) | ETKF
cda data (surface + upper) cda data (surface + upper) analysis cda data (surface + upper) analysis

T U T T

analysis

Forecast

—Ensemble member 20(12) 5 oS -
—Grid interval:15 km § ; = > :Th § LY
/ ) boundary &= > > boundary S
Forecast J\ 3
N 2 8 & L =
—Ensemble member :20(12) 1 f
N 1110
1 hour assimilation window 1 hour assimilation window observation
%\/ observation data (10minutes interval) data (10minutes interval)
cda data (surface + upper),GPS etc. cda data (surface + upper),GPS etcj
—/J — ‘ [ ] [ ] [ ] [ ]
ﬁy\ i-11"1 | *The grid interval of the inner LETKF is about 2 km.
The inner LETKF assimilated the conventional

data and high resolution data. Assimilation window
was 1 hour.




Schematic of nested LETKF system

6hour analysis window 4 \ 6hour analysis window 6hour analysis window ( ‘
observation data(every hour) LETKF  ©Opservation data(every hour) LETKF olervation data(every hodr) |ETKF

cda data (surface + upper) >da data (surface + upper) analysis cda data (surface + uppet) analysi
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1 hour assimilation window _ )
observation data (10minutes interval) observatlo_n data (10minutes
interval)

cda data (surface + upper),GPS etc.
cda data (surface + upper),GPS etc

?%)\ i "Results of the inner LETKFs were reflected
in the outer LETKF every 6 hours.
*Initial and boundaries of the inner LETKFs were
produced from forecasts of the outer LETKEF.

Forecast
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—grid interval 1.876 km
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Results of nested LETKF system

6hour analysis window 6hour analysis window 6hour analysis window
observation data(every hour) 03JST Sth observation data(every hour) 09JST Sthobservation data(every hour) 15JST Sth
cda data (surface + upper) LE-II-KI,: cda data (surface + upper) LE'IFKF cda data (surface + upper) al"nli-:-yil;
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as weak rainfall by outer LETKEF.



Results of nested LETKF system

6hour analysis window

observation data(every hour) 03JST Sth

cda data (surface + upper)

g 4 4 0 U

Forecast

09JST 15t~ 03 JST 5t Sep.

Forecast

—Ensemble memb
—grid inte

LETKF

analysis"ﬂ @ {L @

6hour analysis window
observation data(every hour)
cda data (surface + upper)
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09JST 5th 6hour analysis window

observation data(every hour) 13JST Sth

aLnEa-Il;/ZIi:s cda data (surface + upper) aLnEa-IryZIi:s
075008
= g 3
= = = = =4 SR=r (."_é' =
§_’ unda %%’
R AR

I

ndow observation data

2

1.5

1]
I0.5
0.25

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

* Spread at the center of
the domain was
relatively large.

* So we deployed the
inner LETKF at the
center of the domain.



Results of nested LETKF system

6hour analysis window 03JST 5th 6hour analysis window 09JST 5th 6hour analysis window ISJST 5th

observation data(every hour) observation data(every hour) observation data(every hour)

cda data (surface + upper) LETKF cda data (surface + upper) LETKF cda data (surface + upper) LETKF
J 0 00 sl [l Il ] o
Forecast .

O | 5 0
09JST 15t ~ 03 JST 5t Sep. si o &
S | eglBRat 00U g &

Forecast > s i S

o A

== ==
—Ensemble membg ‘ ‘ | i

e s | AT

1 hour assimilation window ob €rvs
(10minutes intefval)
cda data (surface ¥ upped),GPS etc.

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

Ensemble mean (15JST,15km)

" Detailed
«  Structures were
»  produced by the
"  inner LETKF
" with a grid

interval of 2 km.

20 20



Assimilation of conventional data

6hour analysis window hour analysis window ur analysis window
observation data(every hour) 03JST St servation data(every hour) 09JST §t£lewat|on data(every hour) ISJST Sth
cda data (surface + upper) LETKF cda data (surface + upper) LETKF cda data (surface + upper) LETKF
0 0 000 e 000 0 Depe0 0 000 Do~
‘i 5
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1 hour assimilation window observation
data (10minutes interval)
cda data (surface + upper),GPS etc

1 hour assimilation window ob on data
(10minutes interval)
cda data (surface + upper),GRS etc.

*Rainfall reglons Ensemble mean (15JST 2km) ObSﬂl‘VathH\QISfJST
were similar to the 2 :

)‘J

observed ones. -
(Rainfall regions SN
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over the mountain
areas)
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Assimilation of conventional data

6hour analysis window hour analysis window ur analysis window

observation data(every hour) 03JST St servation data(every hour) 09JST itls)lervation data(every hour) ISJST Sth

cda data (surface + upper) LETKF cda data (surface + upper) LETKF cda data (surface + upper) LETKF
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1 hour assimilation window observation
data (10minutes interval)
cda data (surface + upper),GPS etc
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1 hour assimilation window ob on data
(10minutes interval) .
cda data (surface + upper),GRS etc.

However, the
rainfall that
developed into
the Sakai intense
rainfall was too
small.
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Assimilation of conventional data

6hour analysis window hour analysis window ur analysis window

observation data(every hour) 03JST 5t servation data(every hour) 09JST itlsiervation data(every hour) 15JST Sth

cda data (surface + upper) LETKF cda data (surface + upper) LETKF cda data (surface + upper) LETKF

20000 G0 000 0 Do 007 0 Do
Forecast ‘ :§
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1 hour assimilation window observation
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1 hour assimilation window ob /apfon data
(10minutes interval) < data (10minutes interval)
cda data (surface + upRER,GRS etc. cda data (surface + upper),GPS etc

*To be similar t0  Ensemble mefn
the observed g
distribution,
higher resolution
data, such as
GNSS PWYV data,

is needed.

(15JST,2km)
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How to estimate PWYV data

* A GPS network
(GEONET) has been
established in Japan.

 Horizontal distances of
GPS receivers are about
25 km.

*GEONET provides high
resolution data of PWYV
that can express the
environments of local
heavy rainfalls.
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How to estimate PWV data
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* Signals from GNSS satellites are delayed by water vapor in
the atmosphere. Delay along the path between GNSS
satellites and receivers is called the Slant Total Delay (STD).

* The Zenith Total Delay (ZTD) is estimated from the STDs
by multiplying the mapping function of the elevation angles.

* The Precipitable Water Vapor (PWYV, vertically integrated
amount of water vapor) 1s estimated from the ZTDs.




Accuracy of GPS-PWV data .-
observed by GEONET

Comparison with GPS-PWYV and sonde-
PWV (Period Jun. 1999 ~ May 2000). 80
Distances between GPS-PWYV and sonde-
PWYV were less than 10km horizontally
and 20m vertically.
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Observed GPS-PWYV data

2008 /09 / 05 / 05 00(UTC)
PWV _____ Convergence
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Assimilation method GPS-PWV

Observation data :GPS-derived PWV

RH profiles were produced.

Difference between the GPS (Input data of LETKF)
receivers’ altitude and model .. .
topography <50 m. Thlnn.mg of the vertical
layer in the profiles was
First guess and statistical value performed, because of the
obtained by NHM-LETKF vertical correlation of the
Vertical profiles of T, RH and the obseryation error.
spread of RH within the range of Examble of
+15 km from GPS receivers. ke inpf,)t data
10 i 7

Assumption: the difference between analysis
and first guess is larger at the layer with a
wider spread of RH.

Maximum
of spread

Height(km)

Water vapor was should be modifies only at the
layer of which the correlation with PWYV was
large.

Input RH data of the LETKF was produced by
increasing of average of first guess value in profiles. \ 74
proportion to maximum spared of RH at layers, ° = = = = = ¥ ©
of which the correlation with PWYV was large. RH(%)

ro

~
Average 0{ \ I
first guess

=




17JST

GPS PWV_ 2

CNTL 17JST

Assimilation of GPS-PWYV data




GPS PWV 2
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Assimilation of GPS-PWYV data
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The number of ensemble
forecasts in which Sakai
intense rainfall was




GPS-slant water vapor (SWV) data

- Slant water vapor (SWV) was the water vapor amount along
the path from GPS satellite and GPS receivers

- SWV was retrieved from PWYV, gradient and residual, and
surface meteorological data, such as T and P.

SWYV was assimilated by using the same method of PWY,
except the paths were slanted.
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Assimilation of GPS-SWYV data




Horizontal wind obtained
from Doppler radars

. Dual (m/s) Dual (m/s) Dual (m/s)
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Horizontal wind improves the rainfall forecasts,
although the impact was weaker than GPS-PWV.

17JST

CNTL

17JST

Radar UV




Both GPS-PWYV and horizontal wind were
assimilated simultaneously, the number of

the improved
Dii‘-‘-i{é?‘ A B

17JST

17951 &~

CNTL

GPS RadarVr

Blue and pink circles indicate the rainfalls improved by GPS and radar data



Radial winds also improve the rainfall forecasts.

Impact was larger than that of horizontal wind. |4
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Overlap regions of patches (Boundary Problem )
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Further improvements

6hour analysis window 6hour analysis window LETKF 6hour analysis window LETKF
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Utilization of no-cost smoother

6hour analysis window ~ ()3JST Sth  6hour analysis window  Q9JST Sth  6hour analysis window  15JST Sth

observation data(every hour) observation data(every hour) observation data(every hour)
cda data (surface + upper) LnETKF cda data (surface + upper) LE-IFKF cda data (surface + upper) aLnEa-Il;Zfl:s
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No-cost smoother enlarged the large spread region.



Summary and future plans

1. The nested LETKF system is under development
to reproduce the environments and convection
cells.

2. The Sakai intense rainfall on 5t Sep. 2008 was
reproduced by the nested LETKF system.

3. GPS-water vapor data and the horizontal winds
of radar data increased the number of forecasts
in which the intense rainfall was reproduced.

4. The number of Kkinds of assimilation data will be
increased. Other improvements on the nested
system will be implemented.
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