oooobogoboboboobooobood

DoOoOo@*ooooo23pooono?s
g

oo oooobobuooooouooooon
gogobbboogobobooooboboobbobbboooobbobooon
guooobbbbooooooooooobbouobooooboboud
goobboboooobbboboooobobobboooubbboooubon
gudoobbobbooooooooooobboooboobooboboud
goooobbbbbootoooob b ooooobooobbboud

gboboogbod

gobobog bbbog;gooobbb;boooobbboooon

;0ogggoon

00000 (Wunsch(1996), Daley(1991), Bennett(2002), 0 O 0O O O (1997)) O O

'000000000000000000000000 106-8569000000000 4-6-7
00000000 106-8569 000000000 4-6-7
00000000 (JST)0DO0O0O0D000D0000 (CREST)
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0000000000 DO00O00DbO0ODOO0ODbD00ODbOoDOOobOOoDObOOoDODbOO
oo oodonoouonooogooood
000000000000 00ODO0DOO00DO00O0oO0OoOOoDODOoDbOOoOooDoOoO
oot ooooooouoobnboooga
0000000000000 000O0O00O0DO000O00o0ooDobDOoooOog
oo ouoooonououoooo
0000000000000 0o0oD0ooO0oOo0oOoo0oDOoooOooooOog
oo ouoooa
0000000000 DO0000D0O0D00D000O00DOO0OOO0oo0oOOooDOoonog
oo ouoooonoouogoood
bbbt obououoooooog
O00O00bO0O0bO00bO00ooO0ooO0obObO0bObO0bObOO0boOo40000O
O (four-dimensional variational(4DVAR))(Talagrand and Courtier(1987), Courtier et
al.(1994) 000000

gobuobobtddoooooooobdnooooobugoood
000000 (Ensemble Kalman Filter(O O EnKF))(Evensen(1994), Evensen(2003))
oo ootooodoouoobnooogog
0000000000 DO0D0O00DOO0DO0OO0bOO0ODO0oDO0ODbOO0ODOobDOoOoO
000000 0o0oo0ob0obOoboonoO (Kalman(1960) 00000000020
000000000000 DO0o000oO00oooooOoOooDOoOooboOoooOog

gon
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OooooobooOooooooooboobooooooOooboobboooDoood
gouooobbbbotooooooouobobobooooboobobbboog
OooooooboooOoOooooon (Higuchi(2003)D 00000 000o0ooonQ
O0000000EKFOOOOODOO (Particle Filter(O O PF))(Kitagawa(1996),
Gordon et al.(1993), Liu(2001), Doucet et al.(2001), OO0 O (1996), O O (1996)) 0 O O
bbb ubobUEnKFOD PEFOOOOODOO
O0000oOooooooooooooooo0ogoooboooOoooooDooood
gudbbudoogduoobbbbbbooooooooobooboog
O000O0O00DOOoO0OO00bOboOooooOooooooo

guodoooooooobobbu20dggguoooooobobobobbbood
3tgoogooobbobuooobbbgooobbbodoo40doonog
OO0bD0o00O0DOO0obOOO0O0bOoobO enkKRFOODOOODOODODOOODOO
obsbdbdbUEnKFOOODDODOOOOODLOOO0OO0OLObLO0Oooboonn
Oobooobooooboooboe0boOPFD ERKFODOODODOOODOODOO
gobuggobbgogoobooboobuoobbouooobbouoon

PFO EnKFOOUOOUOODODOOOODDODOOOODyOLDOOOODDOO

2. Dogoooood

oo UUUUga
goobbobbdooooobbobbodoooobobbooouoobboobog

ggbbobobbbboouogooooooobbbobbbooouoooood
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ggogobbbbuodoogoobbbbouoobooonbobbooooan
bbb boobbuooobouoon
gogobbobooggooboobboooobobooooobbobooan
gubuobbbgobbouobbbbuoooodouooboobobbbood
OO000DO0O000D00000O (Lerenz(1963)) DOODDOODOOODOODOODOO
gubuobboooodooobobboooooooboobood
g UUUUd U
oo uooobobobuooa
dddoooooooooboboboboobboboooboboooooooooa
gubuouoboobuoooooobbbooooooooboobood
gooodoooooooobobbbbboooooooboobbbbood
gogtgbbouggoubboobbooogobbuoooooonbbboooan
goboobboooobooobobobbbooooooobbobobbod
ooy ugua
gobbbgbooobboooobobuooobbobuoooobobuoada
ggogobbbbobobbdddeEenkKrggoooonooooboooooaan
ooboooboooo @b @es3) g (1977)) bOoOoobOoOooobOoon
gogbbobuodgooboboobbodoooobbooooobobobbboooan
oo uoobobobobobuobuoobuoon
gogbobobobbodogoobbbEnKFO0gooooooobooooon

Evensen(1994) 0 000000 OO0OO0ODOODOO
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OO0 EnKFOOODOOOOODOOODOO0OOOODOOOOO0bOOODbOooDO
0000000000000 00DODLiseter et al.(2003) 000000000
oboobobooobooboboooboboboboboobobooobobooboo
O02x10°00000000000000000000O0DO0DOOOOOO0OO0O
OO00000Db0b0ob00000bDobD0bOob0o0oboO0b0ODOD Liseter et
a. 0000000000000 DbO0bO0bO0ODbDO0ODbDODbDOoDOOoDOoDODOn
oooboobooooboboooobobooobobobobobobOooboo
00100130000 0b000o0ooobooboooobOoboooooboo
ooboobooooooobooboooDOo1sobooboobooobooo
000000000000 DO00D0O0ODO0O0ODO0OOD0OO0ENKFODOODOO
EAKF (Ensemble Adjustment Kalman Filter)(Anderson (2001)) DO O OO0OOOO
OO0000EnKFOOOOOODOOOOOOOODOOOoO0obooobooooo
(EnKS) O Evensen and van Leeuwen(2000) DO OO O0OOOOOO

O0EKFOOOOOOOOOPFOOUOUOOOOUOOOOUOOUOOO Pham(2001)
000 300 Lorenz O OO Ovan Leeuwen(2003) D 0O DO O0O0O0O0OO0O0ODOOOO
Manda et al.(2003) D0 DO 00O 0OO0O0O0OOOOOOOOOOOOODLOODOODOO

goubuogbobuoooobuooobbouoobbuoobobuooooon

3. ouoooobooooonod
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31 Ugooboogd

oo buooobobuooooobobobuouooa

gbbbogboooobuoobbuoobbooobooosbboobbod

guooobbbggouooobbbbboooooboobbbbood

gboogbboobdubbooboobooboobboobooboobod

oo ooboobobouobuobouoobobouoobouoog

gbobobbobbobbobobobbobbobobuooboobuoobod

oot b ooooouooboobobbbogn

gbooobuooboobobooboobooboobboobabboobod

goubougoobouooood

gobobbboooobbbgoooobobobbooooboobbouooa

gbogbuobuogbuogbuoobuooboobooboobobouobod

gubdboooooooobbbbooooooobooobboboud

gboboooobbooobbd

gobudooobobbgooobbouooobobobuoooboobuooda

gbogbuodgboobbooboobooboobboobuooboobod

gooooooooooooboooobobbbobbbbbbboboouooood

gbogobobobogbobooboboobobbobooboboboon

bbbt ooobobuoobbuoobobuooobo

gbogobuogbbogbooboboobboobooobuoobbogn

guooobbobbotooooooouooobbbuoooobooboboud
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gogobbboodguboboboogooboobbodoguooobobooan
goobbboooooobboooouobboobbobooooobbobooon

oo

3.2 JOoooon
oo oon
gddoooddd g, 0bbobobbbbbbbbbbbobbboooooon
gouooobbbbboooooooooobobbbbouoooob g
oomMmMOOOOO {1,2,---,M}ODOOOOOOOOO S,00000000 2

gooooo (u,v,) bbb booobobooooboooooog
Ooooooon

gbobooobobbogd 00

x = (T1,51,U1, V1, Ty, S, U, Vi, -+, Tng, Sary Unt, Vir)
gboboodbb.002000000000 2, 00000000000M0
gbobdq(ed{,2,---, M}OODOODOOODOODOOOOODOOD gOODOO
gb0z0U

v=(&,&,eu)"

00000200 2000000000 20000000 T0000000
guogoooouoooobbbbile, 0000000000000 =,

gooooobboooboo

Ty = fn(xnflu Un)
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0D0000000000000.,00000000000000000000
000000000000000000000000000000000000
0D00000000000000.,000000000000000
00000000000 000000000000000000000000
0000000000000000000000000
Yn = hp(p, wn)

0D000000000w,000000000000000000000000
0000000000000000D0000000000000 (30 (2005))0

goboodobobooobobbooobbooobbooobbooon
(

oood 3p(xn’y1:n71) :p(xnlyhy% ce 7yn71>

000000 :p(@a|yim) = 2(@alyr, y2, - Yn)

DDDDDp($n|y1T):p(xn’ylay277yT) (DDD T>n)
\
godotooboboboooooooooooooboooocoooooooon

obo0ooobobooooooboobooboboooooboboooog
ODOoDo0ooooooon

Yn = hp(z,) + wy
000000000000 EnKFOOOOOODODODODOODOODOODOODOOO
000000000 bOoDOo0obOo0obOOooooboooonog
(3.1) Yn = Hyxp + wy,
ODboooooooobono

gbboodobbboobobbuooobbuooobbuooobbod
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000000000000000000000000000000000000
000000000000000000000000000000000000
0000000000000000000000000000000 20000
0100x 1000000000000 100000000000000000000
000000 10°0000000000000000000000000000
000000000000000000000000000000000000
0000000000000010°0010°000000000
00000000000@MO0000000 2,000 0000 yim ={y1, -, Ya}
000000000 4, 000000600004000000000000O0
00O plan|yim), p(ly1,) 00000 3 000000000000000000
00 p(zuly,,) 000 0000000000000000O0000O00O00O0

gbboodgbbboobobbdd enkFOUOPFOODDOOODODOOODOO

4. Jdoooooooooodad
UU00U0OEnKFUOOOUOOOoooooooobgooobgo

41 0000000O00O00O0O0
EnKFOOODOOOO0O0O0OO0O0000000000000000000000
0200000000000000000000000000004100000
00000000 (31)0000w,0 N(O,R,)000000000

00n-10000 p(zeilye) 0 NOOODOOOD (OOOOODOOOOO
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DHﬁQW&;DDDDDDDDDDDDDDDDD

2

p($n—1|y1:n 1 == Zé Tp—1 — n 1|n 1)

DDDDDDDDDDDDDPFDDDDDDDDDDDDDDDDDDDDD
gooouo gy, 0

p(Tnlyin) & — 25 n|n
DDD{%B&DDDDDDDDDDDDDDDDDDDDDDDDDDE&F

gooo

411 0DO0O0OO0O0O

DDDDDDDDDDDDDDQ:S)_ guoguougouoougoougn

1jn—1
DDDDDDDDDDD{%@JLDDD:

w = Falaly o), o~ N(0,Qy).
D00000PFODODOOOOOOOODODOOEKFDO PFOOOOODO
000000000000 0000000000000
000000000000 0000000000000000000000
D000000000000000000000000+Y 000000000

bbb oboobobuoooobbuooobuouooon

4.1.2 0000000

gbbogobuogoboobbooboobbooboooboobbogn

bbb uooobobogoon
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00000000 {w}¥,0 NO,R,)000000000000000000

DDDDDDDDDDDDDDDDDDDDD

(@) (%)
w;z|n 1= n\n 1 an\n 1’
)T
n|ﬂ1_ _12 n\nlnﬁll’
ho— 1 ng)w(])T
N-14

0000000000000 00000000000000:
(4.1) Ky = Vit Hy (Ho Vi HY + Ry) ™
000000000000000000000000000000000000
0o:

(4.2) = 2l Ky + w0l — Hual), ).
300000000000000000000000000000000000
00000000000 0000000000000000000000000
00000000000000000000000000000000000
0D00000000000000PFOO0OOO0OOOOOOOOOOOOOOO
4200+ 0000000000EKFOO0O0OOO00O0O00O00000000
000000000000000000000000000000000000
000000000000000000000000000000000000
000000 PFOODOOOODOOOOOOODOOODOOOODOOOO

goubougoobobogoooboga

00000000000000000 »Y000 (42)00 K,000 (4.2)00
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D0«Y0000000000000000000000000000000

4.1.3 U00O0Uooooooooon

EnKFOOOOOOOOOPFOOOOOOOOOOOOOO0OOOOOOO0O
D000D0000.=00000000000000 {}¥, 00000000
000000000000000000000000-,=000000000 a
000000000000000000000000000000000000
00000000000000000000000000000000 (@000
000000000000000000000000)00000000000
00000000000000000000NDOOOOO000000 2000
00000O00000000000000000 (Evensen(2003))0 000000
000000000000000000000000000000000000
000000000000000000000000000000000000

gooogooobogagd

42 00000000000
O0O0O00EKFOOOOOOOO0O0O0O0O000000O0 (Evensen(2003)) 0 O
000000000000000000000000000000000000

UO00ODOEvensen(2003) 000 00O00O0OOOOOOOODOO
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gboboogoboboboooobbaod:

1 2 N
1 P .
N n|]-N = [xn\axm; o axn\-]v
X\ = X — X, 1y,
W, = [w®, w?, ... w™],

Yo=Y, ,us) (y, 0 NOODOODODO).
D0001,000010NxNDOOD4, 00{}Y, 00000000000

gobobooobbooobn:

. 1 T

Vil = = X Xl

R = ——w,w?
TON—1 "

00000o0ooooooo (4.2)0
Xopn = X1 + Vapn a HY(H Vit HY + Ry) ™ (Yo + Woy — Hy X 1)
00000000ooo0oo0o00ooooood
Xpjn = Xnjn_1 + ﬁxﬁm(l - %1@){,@};_1}13 (H, Voo 1 HY 4+ R,) ™!
X (Yo + Wy, — Hy X 1)
(4.3)
= Xpno1(I + X} HY (Ho X0 X, Hy + W, W) Y + W — Hy Xoo1))

goboogoobbgogoo

1NX7/1P\Fn71 - O
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0000000000000 43)00000 Z,,,00000
(4.4) Xotn = X1 Znjn—1
00000000Z,,,,.0 NxNOOOOOOOOOOOO00000 2000
0D00000000000000000000 100000000000 OEKF
000000000000 D000000000000000000000000
000000000000
PFOOO00DO00DOOOOODOPFOODOOODOOODOODOOOODO
0000000000000 00000000000000000000000
O000000O00EKFOOODOOOOO0O0O0OO000 X, 0000 PFOOO
D0000000000000 440000

Xnjn = Xnjn—1Znjn-1
0000000000PFOOOOOOO Z,,,00000000000000
1000100000000000000000000000000 Zy,_y 00

iDDDDDIDDDDxS‘L_IDDDDDDDDDDDDDDDDDDDDDD

43 O0000OO0ODOODOOODOODOO
O0000oo0odboobgod (Ensemble Kalman Smootherd 0 O EnKS) O PF
O0b0O0o0gbOoOgn (Particle Smootherd O PS)(O O (1996) Kitagawa(1996))

000000000 b0oooboobb0oUo LObooobooobogd n(in—-L <
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n<n-1)0000

N

5 1 i . i . A 5o\ —
Joiin = —(Z(xfz’)ln—l — xn/|n_1)(xfl|)n_1 — xn‘n_l)T)HE(HnVnm_lHE + R,

=1

(@ —
xn,|n =T

(’)In—l + Jn’lﬂ(Z/n + wg) - an(l) )

%
n nln—1

D000000.Y) 000.-,00000000000000000000000
0oo0o0o0oooon

(4.5) Xotin = Xvino1Znjn
000000000000000 Zy,,0EKFOOOOOOOOOOO0O000
000000 (44)0 Zy,, 0000
OD0O0O0EnKSOOOOOOOOO0OO0OO00O000O000000000000
0000000000000000000PSO00000000000000
000000000000000000000000000000000000
000000000000000000000000000 EnKFO PFOOO

gbobobooooobobono @s5ubob EnKSO PSOODOOOODOO

gooouggooo
5. EnKFUQOGOQOQ

51 UJU000ooooon
gobbodoobbtddtdemkKrodoooogoooonooooobgad
ggtobbbooggobbboogouooobobouooobobuooan

00000000000000000000 (Burgers et al.(1998))0
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D07 000.Y0200000000000000000000000

njn—1

gobudd 2,0y, 00000ODOOOO00OOw, UO0O00O0OOOO0OOO

gbbobooobbddN —-ocoU g

N
= T Vino1 — V,
N xn\n—l Tnln—1, nin—1 nin—1;
i=1

1<, .
NZwS)%O, R, — R,
i=1
QoooodooodiiO zyp_, Vap— O

Tnjn-1 :E[xn|y1:n—l] )

Valn-1 :E[(xn—a:nm,l)(xn—xn‘n,l)T]
googgbobooboooboobuooboobboobbob K, U0OUOUOON —
co0 D0 (41)0 K, O

Kn—>Kn
gooboodobooooboogoooooooooodn &,,d

'@n\n —Tn|n—1 + Kn(yn - ann\n—l)

=Tn|n

bbb oobbuoobobuouoooo
gooobobbbtbdooooobbobobbtboooooobobbooobooga

gdddoooooouoobooobobbbbbbbooooooooogn
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00d V.00
T
Vi = N_1 Z{(l’i\)n - inln)(ﬂﬁgq)n Tnjn) " }
=1
1 A
= (I = R )Vipor + 577 92 A0 = K (1), = gyl
i=1
R (@) = ) = KoH)"
( Kn - An\n—ng(HnVn\n—ng + Rn)il)
R 4
(=7 2o @t = )" % 0)
=1

000000w,02,00000000V,,0000000000000000
000000000000000 V,,00000000000000 (41)00
D000000000000000000000000000000 R, 000
000000000000000000 R,000000000DO0DO0O0
0D200000000000000000000000000
OO00Evensen(1994) 00 00000000000000 (4.2)00 «000
00000000000000000 Vy, O

Vin — (I = Ky Hy )V 1 (I — K, H,,)" (N — o)
0000000000000 00000000000000000000000

000 (Burgers et al.(1998))0

U000 UOEnKFOOODOOOODOOODOO2000000000000000
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gboogbogbobodbooboobobuoobouboboogboood
gobobooobbooobobooobbooubbUEnKFOOODOOO N -

gbboodobbooobbbooobbooobbod

52 0000000000000
PFO0O0ODOO00O0O0ODOO0ODO0O0OO0DO0O0O0ODO000OEnKFOOODOD
00000000000000000000000000000O0000000
000000000000 A,000000000000000000O00O000
00000 (31)0 F,00000000000000000000000000
00000000000000000000D0000000000000000
000000000000000000000000000O0O0000O0O0000
00000 (Evensen (2003))0 0 0000000000000 DOO0DOOO:

(5.1) Ty = [}, () T

000000000000 00D000D0000

jn = [fn(xnflvvn)Ta hn(fn(-rnfl))T]T
= fn(jn—lyvn)y
Yn = [leka lel}i‘n + wy,

Eﬁ]njn—kwn
oo koo x,,y, U0
uotn ooy idribdodoododododoodn

gbbboodobbbooobbuooobbuooobbooobboo
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0000000 e, =yp— Hyftup 00000

COU(CL’n, 571) = OOU((L‘R, Fln(i’n - jn\n—l) + wn)

= COU([Ikaa kal]g}na gn(*%n - 3~:n|n—1) + wn)

1
~ L Orxt] Xpp 1 n|n A

N -1
1 / T
_m nln—1 n\n 1H
1
WMWNN_NHXMIWJ¥+WWU

gobougoooooooonogo

Kuin = Kntnor + X X HE (L X AT+ W, W)L

m1Mn1
X (Yo + W, — H, X, 1)

0000000000000 000000000 EnKFOOOOOOOOOOO

000000000000000000000000000000000000

gbbuodgbbgz20bbooboobbuoobboobbooboobbad

googooobd

6. PFUDU OO

6.1 OO0
UUUOUUOEnKFO PFOOOODOODOOOOOOOOOOODOO0OO0OO4d
bbb oobbuooobuouooon

goboogbbogobbuooobbuooobbogoboboprOobbOOn
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U U EnKF O

e UL DOUOOLOLOUOOLL 20 U0O0OLLUOOO

e UOULDOUOOLDLOOODONO

e OO UOOODLDOUOODLDOOODDLDOOODOD

gobbbbuooogbbbbo20bpPrbbb0OD0D0O0O000 100 EnKF

gobooooobd

EnKFOgoooboobouooogobbbodz2bbuogooobobod

000U 0OEnKFOOUOOOooouooooooouoboboooooooobood

gboogbuoobogbuogboobbobbbuoobuooboobuoobod

bbb bb oot EeEnkKFO O OO O

gbogbboobuodboobogbooboobboboobbooboad

bbb uoprobobooobobbgooonbg

gbogobuooobooobooobbuoobbuoobboobooobb RO

gouoougogoo

2000 enKRFOO OO oboboboobooboonoa

pFOLOOUO0OO0OOOODO0OO0OOLOOLOUO0OLOLODUOOLOLOUOOLLOUbOOLOO

gouooobbbbbooooooooobobbbboooobbbogd

ggoobbbbbbbbouodgoooooooobbbbobboooood

gobdobooobobobgbouoobobbobuobuobonobuood

ggoobbbbbbotbodoooooogoboobobbbooouoooood
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00000000000000000000000000(@O00000000
00)000000000000000000000000000000000
O00000000O0OEKFOOOOOOOO000000O000000000
00000 41)00000000000000000000000000000
00000000000 PFOOO0O0O0OOOO0O0O0OOO0OO0O0000O0O0O
000000000000000000000000000000000000
000000000000000000000000000000000000
0000000000000000000000 PFO0OO0OOOOOO

300000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000EnKF
00000000000000000000000000000000000
4.3)0000000000000000000000000000000000
000000000000 PFO0000O00O0O0O00OOOO0O0O0OOOO0O
000000000000000000000000000000000000
000000000000000000000000000000000000
(00000 10°~10Y0000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
0000000000 Rejection Control(Liu et al.(1998)) 00000000000

guooobbbbutooooooouooooouooboobobobboon
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gbogbboobuodgbooboobooboobboobooboobod
gobodbobooboboobbuoobboboobobooobboobDb RO
gbobuodgbobuooooobbooobbuoobbreprobbbooobboobod

bbb bouoobobouooa

6.2 0UOOO
gogoogoobbobobobbobbbbodoooooobooboood
obobubodootbbbEnKFOERKSUOPFO OO PSOOOOOOOOOO
gooooogd

00040000000 00000b00b0ob0b0oboo0oboOon (Carlin et

al.(1992), Gordon et al.(1993), Kitagawa and Gersch(1996), Kitagawa(1998))

(

_ 1 253771—1
Ty = 5Tp_1 + e + 8cos(1.2n) + v,

(6.1)

8k

Yn = + wy

xo ~ N(0,5),v, ~ N(0,1),w, ~ N(0,10),n=1,---,100
\
gobggoobuooobuooobbuooobd

Doogogobood
gbboboodobbboob20bbbooobboboan:
e[ (6.1) 0000, 0000

e (6.)DUIDUOOOUOO, 000000000 DODOO0ODOO (Kitagawa

(1998))000000000000000O000
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EnKF OODODOODO .nyoooooobooobobobooboobobobooo

goubuodioguobgoobongobobooobonoooon

6.21 0OU00O0OOOOOODOOO

il 00000000000 EnKFOEnKSOPFO O PSOOOOOUO
goboboogoobobdd NDO 100,1000,25000 000000000000 100

bbby bbb uoobbud , 0000 200
100

Z(in - xn)2

n=1

guooobouobboooooooobobobbbuoooz,bbbbbogd
gooobobbbobbbtuoddenkKSOOO PSOOOOOOO LO 200000

gbboogbboogbo
Doooogood

goubguobouggbboggobourbobobouooobooooboa
oottt ddddduuudddUEnKE DO OO PFO EnKS
ot pSUbddbogobogobouoob2uougoooooouooog
000000 0EnKFOUOO PF, EnKSODO O PSOOOOOODOOOOOOO
gubggobobbobobobboobbooouooobouogoouPF
gobpStbbboooobboooobobuooobboboooboobd
goobboboodguprgopSOUdgoobobooooonoboogn
bbb ooobbuooobouoon

gbogbuooboobuoobooboobbobbobbouobuaobod
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gbbogdbboogbbbooobobboobobbooobbooon
UO00OEnKFO PFODOODOO0OO0OO0O0 2, 000000000000000
gbobobobobtdoobobibobib ., 000000000000 EnKFO

PFOLDO z, 0000
gooboggon

googobooprOd0n0booU EnKFOUOODOOOOOooOogoogg
goobbbododteEenkKFO0O0O0O0O0O0 2, 000 2, 00000000000
n=4000000 2, DUOOOOUOUOOOOOOOOO00O0000000000
godobobobboooouobobbobbooobbb e, 000ddobbbooon
O (Doucet(2001)) DD ODOUODOOODUO0ODENKFODOODODOOODODOODOO
goooobbbobboouoobbbbbbuoooooooobbbood
UU0EnKFOUOUOooooooogooooboobobooooboooooooon

goubugoobuooobuooobobouoon

6.2.2 JUOOUOOOLOOOOOOLOOOOO

gbogobuogbbdoobbogboobbooboooboobbogn

bbb ouoooboboogg

1 25xn 1
T, 5Tn-1+ Tt + 8cos (1.2n) Uy,

= +

9n enfl Un

xo ~ N(0,5),v, ~ N(0,exp (6,)), 00 ~ U(—2,6)
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Data Assimilation : Concept and Algorithm
Kazuyuki Nakamura
(Department of Statistical Science, The Graduate University for Advanced Studies;JST CREST)
Genta Ueno and Tomoyuki Higuchi

(The Institute of Statistical Mathematics;JST CREST)

Data assimilation technique, which is developed in the meteorology and the oceanography,
aims at accommodating states of a physical simulation model to observations. It is motivated
to provide the good initial condition for the nonlinear simulation model and to realize the
online model parameter estimation. To attain these purposes, sequential data assimilation
such as the Ensemble Kalman Filter is used. Compared to the Particle Filter, the Ensemble
Kalman Filter is similar methodology in view of ensemble-based method, but it has different
structures. For example, linear calculation is done instead of resampling at filtering step
and approximated probability density does not converge to real probability density even if
the number of the ensemble members goes to infinity in almost all cases. In this paper, the
concept of data assimilation is reviewed, and is formulated using the nonlinear state space
model. On the basis of this formulation, the Ensemble Kalman Filter is reviewed, focusing
on the difference and similarity between the Ensemble Kalman Filter and the Particle Filter.
After the review, we demonstrate assimilation experiments of nonlinear observations with
small scale simulation and the superiority of the Particle Filter to the Ensemble Kalman
Filter at these conditions. Applicability to actual system including nonlinear observations is

also suggested.

Key words: Data Assimilation, Particle Filter, Ensemble Kalman Filter, State Space Model.



