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ENSEMBLE DATA ASSIMLLATION

- Inpufs :
- An ensemble X", kf’;,..., X, of
forecast model states representing
a background (prior) prob, distribution.
- A vector y® of observations.
= A model relating mode| states o
Observations, e.9. y= H(x)+ € where
€ is GCoussian w/ mean 0, covariance R
” Ou-l-pu‘[':
« Ax engandble X XY, s %)

pepresf,n'h'na the an’ysq‘s (posterior)
Pr&l)ﬂ"n' ll‘l'y 0‘(1.$+rfbh+|'o|\ .




ENSEMBLE KALMAN FZLTERS

- ASSH&E o G‘ﬁ.ﬂﬁffan bﬂ.thl"aw\d dfs-ln'ba'ﬁan
with mean X° (= sample mean of bg ensemble)

and covaranc e Ph (= sample covariance ).

- Use Kalman fi[ter eguations fo determine

) . a
'H'lE Qlﬂﬂl‘{fls mean Xq anol covariance P '

[Evenseu H?‘f]
(not uniguely determined !)

- CI\OOSC an annfys:‘s GHSfM“eA I.hrt"f'l\ "H\Q

Correc‘f' sanpfﬁ Mean q-\o‘( covariance .




FLAVORS OF EnKF

- Pouble EnKF [le‘kllner ¢ Mitchell

l'"ﬂ" ZODI] o r‘ecen#y sar,oqss'cdf
operu'}{anl APVar o+ MSC.

- ETKF [Bishop, Ethenton, Majumdar 2001]
- EAKF [ Andergon 10Dl]
- ExSRF  [Whitaker ¢ Hamill 2002 ]

- Pnrnﬂel EnKF [Keppfuﬁ ¢ Rienecker
2002 |

- LEKE [o# etal. 2002 2004]




GOALS For LETKF

- Practical for operationa| weather 'Qrccas'h'na.
- Mathematica | simplicity.
- As eHicient as possible .
- Kun Hme linear in # of observations.
- Enbarassfnaly parallt(.
- Cydensible:

- Loca|izes in a flexcble MoRner

= 4P extension s almost trivia .

= Nenlinear gad /or nonfoca| observation

operstor H.

- Nc ” - -G&MSS:Q& I’f‘:f'&i’ém"}'{ﬁﬂs ?



GAUSSL AN MOPEL

-T‘\t I’Jﬂﬂkjl"ount‘ d|‘$4ﬁbu+fan a'P the
'Pur'e:nﬁ' modle| state x (s

ple) - @~ xR P G-

- Tl\t c%d."”aul o(f!-fn‘ha'“oh o-p the
obsem{'fan veedor Yy IF;
P(le) - e-('(-fo))TR”(y-H(x))'

- The auafysf; Acsdribution '

o - M“JP(K} o .= Tlx)
P(KIV) P(_:f“) e g

where...




CosT FuncTION

Tx) = (x- 2%)T(PY) "' (x- X*)
+ (y'- HG)) T R™ (- H(x))

- anfn;zft\‘j j(x) MFFE‘POHJS "‘0 |

maximam [rkelihood estimate of Xx.

- 3PVar ILpr-gm (185 ; Parrish & Perber
(99%] replaces xb and P° by a
sfajle forecast from He Previous wf;sf‘s
M& Q ‘I’fu?‘l‘nﬂ(epen"{%‘i' an’tjrouhc‘

CoverignCe Matr X.




BAV NéwsS — GOOp NEWS

~ Bad news: The bnc,tjrauno{ oAs dribution
¥ cnu-pfned +o He Space qumec( By ﬂc
ensemble states => the analyss
o{iHn'bq-h‘on s cuﬂ‘ned to ‘Hl* same qu ce.

- g G'bnO‘ news. WE gﬂ ‘}'b ffﬁ-‘:fh "nfa

ﬂls'St"ulf’u{-fon L low-tf{mensfom{ JPQCE.

- Ax gnsemble kﬂlmn {:'Her asks
Wln':ﬂlr\ lfneur Cgmbfna‘{'t‘m bp -H\B
ensemble stales best s Hhe ofata ©




ENSEMBLE SPACE

" Ensemble Space E

L |
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WEZIGRT SPACE

- Let X be the matrix wibh Columns
(k-0"% (xb-%%).
Thew P°=XX".
- Every xeE can be writlen
x=T(w): X"+ X w

'np\" some WE [Rk (wel‘jl--l' quce).

= ﬂ\uS, weé yge 'Me ankji‘ound EnSCm Hf-
per durbadions o5 o “basis” for E

[Bishop, Edherton, Majumelar 20017



NEW ANV IMPROVEDP COST FUNCTLON

~Let w have Guussion background
o{fs-m‘b.,.-l.‘on with Mean O and covariance 1

- Tl\eq wa) (S Goussfqn u,.'-l’k Mmean

X® and covariance XXT“ Pb.
~ We use e cosy funchion
J(w) = W +(y°- H(T))) R (42 H(TGw)

- i-P H s nnn“nequ weé con Mﬂ'&"t'cnﬂy

_ K
miamize J(w) on [R W s




LINEARLZATZON OF H ON E

- Evalpate H on each Batkjﬂuno{ ensemb e

Stade qno{ |h+erp°|ﬂ+e [Nou‘h’kuner 4—
Mitehell 2001 Ander son ?.DOI_],

- Let yf’z H(x?), and form the mean v
anel f!f"lmrh‘i'fau m‘l'-‘fx Y of thi's
observadion ensemble as we ool for the 65 ensem ble.
- Approximate

N(T(w)2 H(%* 4 Xw) % gu‘(w_
~ Then
J0o) 2w+ (y>- 75 -Yo) TR (yo- §0- V)




THe ANALYSIS

- The analys's mean W* and covariamce A are
Az (Z+YTR'Y)™
w'e AYTRT (y°-Gh).
- We ohdsin A by iwverting a k by k
matny with o Smoll et‘jewalues.
_Add b 5t He columng of W= ((kA):
to oblain the analysis ensemble et s
= Map 1o forecast model space:  Xx::=T(w?),
- Ang W for which WW = (k-)A would oo,

but our Ckofce MI'M'M'ZH ‘H\c o{tk"ance

bedweer the bockground & analysis ensembles

fr a Swiable M edne [OH et al. 2002 1009].




LOCALLZATZoN

- For spn'h'u”&, extended systens, 1%

t'nfuf‘f‘h‘{? to f"e'#@ﬂ‘" Gsfel"vl.%‘ols lc'bl"l
QP&C'I:HB ‘H\e 'il\'t(?jfs $+ﬂ+f at 0{:“+Qn+

[o ra.-l'{ahs Bc cevse:!

- Sn\all cnsen\’olc s5ize wi proofuce
Spurious |on3- range correlations

[ Nowtekamer 4 Mitchel] [99%; Hamill,
Whitaker, Sayder 2007,

- The linear combination of ensemple ftafes
Yoot best £its the oata o one f99"un may

bc, ?/m"l‘e d(t‘#ertu-f "\V'Oh -H\c bas{— ,

l"‘.f’ﬁk‘

COI'«L;M“O& 1A ﬂlhu'uxtl" "’93!-0"*




LOCALZZATSON N LETKF

" PEF‘R‘H‘M a ﬂpurn-}'e ﬁnn’ysf's at each
mode| 3"""‘ peint, ‘*anj only oloserw\“.}q;

-Pron ) ﬂNGMrlofl'nj locqf regfon-

8 X \ r}r HR
Gevd P#fl’i"'s

~ X

= E&cL lacql ahﬂl\(sfs l's I'ﬁdff'eho(enf‘
oo con L«e o{an (A pala "el.




AP LETKF

s SHPP*&SC "H\C Pf“EV\“nut Qhﬂl?fu‘s was av

Hue to ) andl New bbscrvq-h‘ons are

+n|(2n at '[":H@S {-utzn'“}t

s
= W'nfck h‘«eur C.bmb{nq-}.‘oh o-f -H\e
bﬁt\tjfwnd ensemble +r‘qjec+of(es X_.b(f)

best fits fhe olate y°1t,),..,y'(¢,) ?

- Form dhe observation ensenble whose
ith member (s (y?(fl),...,\/?(f.)J
andl Proceed as pofore +o 9et
wh ., wy for each model qrid point.

- Map these weights to X'(+,),..., X} (4,).

- Simplifies 4PLEKF of [Hat etal. 2004].



ENSEMBLE 4p-VAR: SCHEMATIC
forecast mode | staje
A

X obse~vation
/ } o '“5'."“'
= ._---; = 4rn_,ec‘forL
._L_.,L
time

= For |ingon Jynum‘as Aol observations, qad
a perfect model, Hhis approsch yiebls He
same result ag opplying the ensemble Kalnan
£ lter of each observation fime,




RESULTS FOR LORENT-9¢ MopeEl

- R{‘MJ of HO u.o(es, wse ohservations
from <6 wodles away, [0 member engemble.
- Perfech model scenano, obs. at all wodes.
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Q LET l(F W/ luv.n vanance l‘h‘P{ﬁ‘hon

O H4PLETKF » »n L
k% 4PLETKF » huh * .




CONCLUSIoNgG

- LGTI(F Provl‘dﬂ' o S:}qpff'pﬁcd

'Prmewoak for ensemble ofata
asSim, [ation.

- LETEF s ‘Pnd‘: proo(uces coupnrqlpfc
ﬁnalyges o our equ.'er Le'lKF on ‘Hlf

NCEP 3{&5«;' 'ﬂ)f&tﬁf"’ ’\OJ&, 'n ,\,Jg

the time [ Kostelich, 2 Saunyogh J-
2 LH?LET\(F may jffe 5l‘jnfﬂ'can+
{mpf‘a‘vtmeh{' In QN opera-h'onaf sth}lg.

- A¢similate (Utu”‘f, Faremg{-jlgk"“y_
LHP : /) keck 2. amd. eolu/ weather/




