Data assimilation of atmospheric
observations of the Earth using
ensemble Kalman filter

Takeshi Enomoto
RO DPRI Kyoto Unlver5|ty/Earth Slmulator Center JAMSTEC
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Plan of the talk

e Data assimilation
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Observation and Simulation

observation simulation

distribution [inhomogeneous
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Data assimilation

e Minimum variance, sequential

e Optimal interpolation, Ensemble Kalman filter
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3DVar, 4DVar, EnKF compared

(A) Operational Surface Pressure Network (B) Thinned Surface Pressure Network

FI1G. 1. (a) Operational and (b) thinned surface pressure networks for 0000 UTC 1 Jan 2005.

Whitaker, Compo, Thépaut (2009)
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EnsDA (RMS Error = 31 m) 4D-Var (RMS Error = 31 m)
o

F1G. 3. Example of 500-hPa geopotential height analyses for 1200 UTC 20 Feb 2005. The contour interval is 50 m. The lower-right panel
shows the NCEP operational analyses, which used all available observations, and is used as a reference to estimate analysis error. The
root-mean-square analysis error in the Northern Hemisphere poleward of 20°N is noted in each panel.

Whitaker, Compo, Thépaut (2009)
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NH Z500 Analysis Error
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Whitaker, Compo, Thépaut (2009)
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LETKF

Local Ensemble Transform Kalman Filter

e Weighted average

e Assimilate observations into
the mean

, 0 The anaIyS|s error covarlance
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ALERA

AFES-LETKF experimental reanalysis
e first application of LETKF to full AGCM

e provides analysis ensemble spread as error
estimates

¢ LY Bt ” |
S RN TN Cg
) APt

Attt g ) 3 ol e LA 04 ) 4 . > e L INS S Bk ok _ gii D - Bt BN R ¢ B A s . T Ty 2 a8 ot eds
- el g p P A B o T N Fa e W WA o o o g . 142 S PR A S A LR XN S A A = ™ G e TR S SACHY L L e - e At L n ", Nk
AT S X - - vy L R A e g PR ™ Jlraco b ¥ . . bty Bl R o W T A T eI AN AT D 3 B ,f s L TR 9 A
e ) ‘_\:‘" "#!} ig B g T e > A of B, > s\,,.’. W S LS O RN L ANLLN R A $ ] -.-)l”"‘ g L Y e P 5 Tohe Lk W T s ) Ceints & v b ibe S e o Dloa® o » R A R R Ry Lo )
I R T AR, W e .

he i e A b, & 3 4 s g 2 s oty . ¢ ¢ ¥ -1 "~ . R R TR R A

ai's) i PG SRR e A e it O R Y s X 4 Sial= ¥ g PP Bl 8 (8 o v A 0 By (P RS S W o o ¥ R g Pty g v ) ~ T '
o a D < Jof £ - A pi 2 R ] > X X A . AT ¥ g i - p &k L r, W s A o I

KW EACT R e Ay b Q o ok S g - W PV 0 SR ey VN R R, e L P 1 S i Tl M M e o e, 0 4 - S 1 e AR P e DA S g YU AR LN Ml L TR AR I A, B Pe 2 ¢ e 3 ALy
SN e e T G i S S R L PR o R e oy DT FUB I F1 R Reay] P vt - Vi L T M ‘.x ML L S S S S U AR TR e R B A L e i e i e gy — i VA R T e Xl

12F4R9H AEH



ALERA: specifications

e QObservations used in NWP at JMA
e AFEST159L48M40
e from 18UTC 1 May 2005 to 12UTC 11 Jan 2007
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ALEDAS: AFES-LETKF Ensemble
Data Assimilation System
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Forecast—Analysis Cycle

AFES-LETKF
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Miyoshi et al. 2007a
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2005050118 spread & RMSE vs CDAS 2006102312
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Miyoshi et al. 2007a
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850 (u,v) and standardized U850 spread
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ET of Typhoon 0504

GOES 91IR ALERA

JMA/Kochi Univ
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20050601 U850 5S-5N, 75E-95E 20061017
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Lag correlation between
mean and spread

0.6
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Influence of sondes in
Matsuno-Gill pattern

MISMO Oct-Dec 2006

ALERA (w/o MISMO sondes) in the Indian Ocean
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Influence on

typhoon genesis

with MISMO sondes
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ALERA - with MISMO

Moteki et al. 2011, QJRMS
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SLP SPREAD ALERA AVE OOZZZOCT2006-1222DECZOO6

Moteki, pers. comm.
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Arctic
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Arctic ice in September 2011

Sea Ice Extent
Sep 2011

Average Monthly Arctic Sea Ice Extent
September 1979 to 2011

National Snow and Ice Data Center, Boulder, CO

Extent (million square kilometers)

National Snow and Ice Data Center

1978 1981 1984 1987 1990 1993 1996 1999 2002 2005 2008 2011

. Year
median

ice edge
Total extent = 4.6 million sq km

NSIDC
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Blue Arctic in 30 years?

Ensemble mean sea ice thickness
March September
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Experimental settings

e Reference: ALERA
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Impact on sea-level pressure

SLP spread in CTL (AUG2006)  SLP spread in ARC (AUG2006)

1.2 1.4 1.6 1.8 2 22 24 26 28 [hpq]

Inoue et al 2009
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tratosphere
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ALERA
20050605 u 105E,5S-5N 20061018

¥) v '
1
!
..‘\. ..'. v ;‘._.
- .
b - w
-

ressure

Gl

Apr Jun Aug Oct
CONTOUR FROM 3 TO 4 BY .25

__ _BEEEEEE

-30-25-20-15-10 -5 0 5 10 15 20 25 30

12F4H59HAEH



20050601 T10 65N-90 20061017

L ald LU HENENIARNEEN NN [l HEEEN INEEER INNEEE

ALERA mean

CDAS

\ Ab

ALERA spread \ »\

llllllll |l]ll]|ll]ll]|ll]ll]| llllllll[ll[lllll I lllll]lllll]llll |llllll|llllll|llllll|

8/1 10/1  12/1 2/1 4/1 5/1 10/1

Enomoto et al., GRL, 2010

12F4H59HAEH 39



12 Jan 2006 16 Jan 2006 22 |an 2006

Analysis error max

20060112

??????????

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

7
TN , #han ¢ ]
O
/1 AAnvafuavs
............... Lo, S S, .. o foeemssnninnsttWtNUIII 110210221
S Sy Ry il 5[ ,,,,,,
)\ RN /0% L

CONTOUR FROM -20 TO 50 BY 5
dka/m/s

rPressure (mo

3 N = - == === [ N
CONTOUR FROM -20 TO 50 BY 5 3 CONTOUR FROM -20 TO 50 BY 5§ ]
/] )

t £
4

—  EP flux, u (contours), u ensemble spread (shades)

12F4H59HAEH



omb cyclones
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Bomb cyclone
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Development locations

Sea of Japan Pacific

0J B slp(t0,hPa): PO SB slp(t0,hPa):
ANALYSIS(contour), NORMALIZED GUESS SPREAD(color) ANALYSIS(contour), NORMALIZED GUESS SPREAD(color)
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Sea of Japan

TADV(t0-1, Te=5 1/s): OJ B TADV(t0—1, 1e~5 1/s): PO SB
ANALYSIS(contour) ANLYSIS SPREAD(color) ANALYSIS(contour), ANLYSIS SPREAD(color)
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Summary

e Analysis = Observation + Forecast

e Ensemble-based analysis provides analysis error
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