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A Verification Experiments of
Ensemble Kalman Filter

Using a Barotropic General Circulation Model
Keiichi KONDO

Abstract

It is said that the data assimilation is one of the most important techniques
in numerical forecast. There are a lot kind of data assimilation techniques and
Kalman Filter is one of those techniques. But recent numerical models have over
100,000 model variables and the Kalman Filter needs to calculate inverse of a
matrix having the number of model variables. So we can not calculate the Kalman
Filter. We, however, can calculate Ensemble Kalman Filter which approximates
the Kalman Filter with the ensemble forcasts. The Ensemble Kalman Filter must
be verificated how much performance it has against the Kalman Filter.

In the university of Tsukuba, there is barotropic S-Model. The model is a kind
of spectral model. The barotropic S-Model has a few model variables, so we can
directly calculate the Kalman Filter. So we can verify the performance of the
Ensemble Kalman Filter against the Kalman Filter.

First, two ensemble S-Models were developed in University of Tsukuba. Their
predictabilities were verified by anomaly correlation, Root Mean Square Error
(RMSE), spread and spaghetti diagram. The data used is NCEP/NCAR Reanal-
ysis data i.e. a real atmosphere. As the results, we found that predictions by
ensemble S-Models were better than a prediction by single S-Model. We, however,
found some problems and we will need to improve them.

Second, perfect model experiments were carried out against the Ensemble Kalman
Filter and the Kalman Filter. One of the advantages of the perfect model experi-
ments is that we know ture condition of the atmosphere. As the result, we found
that the performance of the Ensemble Kalman Filter was about 70 0 performance

of Kalman Filter.
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O00000000000,0000000000 (Galerkin method) 000000
000 (Tanaka, 1985).

U
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gogogoobbobbbboodoooooob,bbobbbbm=00000000
gooooooooboo,goooobdoooobudoooobgooon
O00.00,0 (22)0D00000000000y0O,19780 12000 19790 11
0000, 000 GARP(Global Atmospheric Research Program) 0 0 0O O (First
GARP Global Experiment: FGGE)OOOODOOOOODO0OO0OOO00OOOOOO.O
00o0o0o0ooooooDog, hg=97284m0O00O0.

12



3.1.3 000000

000000000000000mO0000000000000000000
0 47)0((0)0,00000

ou,,
M— +LU,, =0 51
oooo.ooo,
1 0 O Uy,
M,=|01 0 |00U,=]| uv, (52)
oogﬁ -

ooo.
000000000000000000(@MO00U000000000000
ooo).

ghpn, 0 0 20/ gh., 0 0
X = 0 gh,, 0 ooy, = 0 2Qv/gh,, 0 (53)
0 0 ghm 0 0 22

00000000 (b1)oooooo

0
(Y;leme)@(X;lem) + (Yr_rLILXm)(X;lem) =0 (54)
ooo,
L 0 0
294/ ghm
Y = 0 L (55)
2Q+/ghm
0 0 L

O000,000007(=2x)00000000,

;Xxgthg+(Y;LmeX;Uﬁ):0 (56)

000,
00 (56)0,0000000,00,00000000000000.000000
0000,00,000000H,0000,000000000 o,, 0000

13



gbogobgooboobog.

H.,, : O0mOIO000000O0OOCOOOO0OO0OODOO(ODOOOO
00)000,0000~00000,/!0000000000.
oum - O0OOOOODOOOON!,mO0000000O0O0OO0DOODOO.

0o ((k6)o0o0vu,0,H,,0000000,0000000000000000O00
(Kasahara and Puri 1981).

Un(\, 6, 7) = X Hpm (A, 6) el"iomim™) (57)
00000000000 (6)000000,
—i0nimHpim (A, 0) + (Y, LX) Hym (A, 6) =0 (58)

0000,000000 Hye(A, 6)0,00000000 ©,, 00000 ™0
00000000000000000000

H.m(A, 0) = Oupn(6) ™ (59)
Unlm(e)

= | —iVum(0) | €™ (60)
anm(0>

oooo/ooooo,00g030000000o.

ooooooboooooooooo,
OO00O00ooDoOobOoboooogl,
ooooooboobooboooogl.

000000000000000000
1 3 o )
—j'/ImWHWM%MWE%MW (61)
2w J-z Jo

Ooo0,000000000D0DDODODO,00,nmOR!'mM000000000
gogb.oggobb,ooobobobbooooboboobog.

00mO0000000000000000000000000000
W,.(\, 6, 1)0 000

(o N o}

W (A, 0, 7)=>" > W (T)Hum (A, 6) (62)

=0 n=—0o0

14



000000000.0 (620000 H,

nlm

(\,6)000,0000000000
_ 1oy )
(W, o) = o /_ ' /0 (W, - HE, ) cos a0 (63)

gogboooogn,

nlm

1 5 27
Wan(7) = 5= [© [ WA, 6, 7)- iy (A, 6) cosdrdo (64)

goooboogoo.
00 ((G6)0,000000000000000

o
E(X;}Um) + (Y 'LX,,)(X'U,,) =0

0 .
Ewnlm(ﬂ + 10 W (T) = 00 (65)

ggo.
gobboboog,bbddtd oy, 000, dgdbbboooob,od
gogboboboooo,bogggbobboooobbboogon.

15



3.14 30000000000000

oooo0o,000000 G,(p)DO0ODOO00OO0 Hy(A,O)OODDOO,000
0000000003000 00000000 IDLys(A, 6,p)0000,30000
000000000000 0,000000000 30)0300000D0000O0O
go.

O MmN, 6, p) 0 Gn(p) 0 Huwm(A, ) 0000000000000

Hnlm(/\7 97 p) = Tn(p>Hnlm(>‘a ‘9) (66)

G
Gm<p>@nlm(0) ein)\ (67>
gbos3ugoboougoboogob,gbbugbbuogbboooboboooboo
0000000000 (Tanaka and Sun 1990).

1 Ds [ 27
(Mytrmy ) = op /0 / i 1L, 1T, cos BdAdOdp (68)
6nn’ 5ll/5mm’ (69>

00300000000000000000000000,0 (30)0000, 0
000 U, FOOOO,00000000000000000 (Tanaka and Kung
1989).

N L M
n=—N [=0 m=0
N L M
P 00.7) = 3 33 )Y nln(2, 6. 1) @

N =0 m=0

0000, wyn(7), fum(t)00000,00000000U0UO0,00000000
O0FOOOODODOODODO 3QOO0OOOODODOODODOD)DDODO,DD 70000
gooo.

nddo0o00 — 00O NOODOO
O0oooo0 — 00 L000oo0o
mO0O0000 — 0O00MOOOOO

0 (30)0 ILy,(X, 6, p) 0000000

<1\/Iaattj+LU N-F, Y, 1Hnlm> =0 (72)
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0ooo (70), (7000000000,

<M%U+LU N-F, Y 1Hnlm>

ou
_ <Mat lennlm> + (LU, Y, 'L, ) 000000

00000000 = (N, Y,y ) = (F, Y, ') =0 (73)

noo,
d K K
jwnlm + ianlmwnlm =—1 Z Z T nlmn! Vm/n!! 1" m! Wit P! Wiyt 1 fnlm
T n/l/m/ n//l//m//
noo,
nlm — 1
n'l'm" — j
n'm! — k
nooo,
d K K
—w; + 1o,w; = —1 Z Z TijkWiwy + fi (74)
dr j=1k=1
0000000000 (i=1,2, 3,---, K)
aooo.

gbbodgbbodgbboobobbuoobbodboboo,gubboobobo
gogbbobuoooobboooooobogo.

K 0O 000 (=@QN+1)(L+1)(M+1))
o, 0O 0OOOO0OOOOOODOCOOOOOOOO((DODOODOOO
0G0 0 0O 0O0O0)00o0o0ooooOoooOoOUooooDooooO.
rie U 040000 -00000, 0000, 00 -00000
0 0 O0oooooboooboooo, tooooooooon
0 0O Oooooooooo, oooon.

000000,00000000000000DDO0O0ODO Gu(p),0D00COC0O0O
O0o0000ooooooooooo Hy,(A, H)ODODODODDOOOOOO, 00000
0000000000000 (yoooooooog.
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3.1.5 0OOOOOA,B

el 00 0000000000000 A, BOOOOODODOoOooooooO (oo
O000000ooooooooooo).
OO0 fO00000OD0OODODOOO,

f=Aw+Bw"+e€ (75)

O000000.00 fO000000O0O0O0OOOOOOOOOAOOOBO, €O
godooboooooon.
O0,A=Agr+7A;, B=Br+iB;, w=wgp+iw;, w =wrg—iw; 0000,
f = Aw+Bw"+e€
= (Ar+iAp)(wg +iw;) + (Br+iBj)(wg —iw;) + €g + €
= Apwp— A;w; + Brwp + Brw;

+ 1Ajwg +iApw; + iBrwgr — iBrw; + €r + €; (76)
gdooooooogd,
Ar+Br —A;+B w €
fr _ R R I I R’ R (77)
fi A;+B; Ap—Bp wy €/

gogd.god,goo0obbuduuoooo,goooobbbobououugo
00000000000.000, Ag+Bg=a, A;+B; =b, —A; +B; =
C, AR—BR:dDDDD,

=00 e o))

000000 (wg, w)' 0000,

() -Gt z) () -

ggbobuogooboboo,gbbobogogob.ogg,

G- (EEE)] -

0000000000, a, b, ¢, d0000,00000 Ag, Ay, Bg, B,000O
0000000000.0000,000000 A, BOOOOOOOOOO.
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3.2 UOUOOOOOOgd

KFO 196000 Kalman OO OO0 O00O0O0O0O0O0O00O0,000000000
O,00000000000C0COCO0C0O0O020000000,000000O0O
0000000000 (Kalman 1960). 0000000000000 O0O00O0O 50
00000000000 (000000 (2005, 20060000, EnKFOOOOOO
00).00,000000000000 Jazgwinski (1970), KFOOODOOOO Gelb
etal. (1974)0000000.

KrOOOOOoOoOO0O,000200000000.10000000000A0
O000booo0O000ooOoOo0O0o0ooOoOO0O0O0,b001000000000BO
O000o00O000o0coO0O00o0coO0O00ocoO0O00,000000000008O
00o.

00,0000000000000,000000 (e),00(f),00 @000,
O00000000.0000000MO0,000000000 M(B0O S-Model)
Ox, 00000 TaylorO OO,

M (x, + 0x) = M(x,) + Médx + O(6x?) (81)

goo200b0b0b00000gubbobodoodo, bbb MO
goodd
oM

X0 0x Ix,

(82)

gboboo.ooboboboob KPOoooooboboboooboboboo
0000000000000 (Extended Kalman Filter : EKF)OOO. 0000
000000000000000000000000 (oooo).

bobobooobooooboobooMUObOoooooobob x,_, 000400
Ox,000.0000000 S-ModelDOODOODODOODOOOOOOODOOO
gogbooboo.gbobooog,

x! = Mx{, (83)

000000.00000000000,0000000000,0000000,
ooooo,

ox»f = xof — x! (84)

19



0o0000.000000000000 PO,
.
Pa7f_<5xa7f (5Xa,f) > (85)

O000000000.00000 (00000000 0.000000000M
gogoboboooo,bodddwbhiDoog.

xi=Mx! , —w (86)

000000000000, 00000w00000000000 ((w)=0).0
gobooboo,gboobooboo pO0o,dobgooboboboon.

Pl = (oxf (3x)")

17—

(
(
= <(M5xg1 +w) (Max¢, + w)T>
<(M5xa ) (M) (Moxe ) wT +w (Moxe,) wa>

= <M5x‘;_1 (5xg_1>T MT> + <WWT>
= MP? M”+Q &

0D0O0,M'000000MO0O00OO00000O00O000000000.000
000 &*000000wO000000000000 ((6x*w’)=0), Q00
D000000000000 ((ww')=Q).0(87)0,00000000000
Dooooo.
00,0000000000.0000000EBKFOOO0O0000000.00
00000000x*0,0000000000000x000y°000000
00000,00000000000000000.00KO000000000
0D000000,000000000000000.00x000y°00000
0D00000000,00000HO00X/000y°000000.00000
HOOODODOOOOOO HO,MOO0000O0O000000000000.00,
D0y'0000KOOOOO,00x0,

x* = (I-KH)x/ + Ky’
= x/ + K (y° - Hx/) (88)

20



00000.000KOOOOOOOOOOOO0OO0O00000000o0oono,o
0000000000000000000.00000KOO00000.
000006y’ =y’-H(Kx)OOOODOOO,

y' —Hx/ = y° - Hx'+ Hx' - Hx/
= 0y’ — Héx/ (89)

ooooooo, O (88)0,

ox* = ox! +K (0y° - Hox/)
= (I-KH)ox! + Kdy® (90)

000000.0000000000000 PeO
P = (ox*(0x")")

_ < ((1— KH) ox! +K5y)((I—KH)6X{+K5yO)T>
< _ KH) <5xf (5Xf)T> (I-KH) +K (5y° (5y°)") KT>

= I-KH)P/I-KH)' + KRK' (91)

0D00000.00000000000000000000,000 (éx/ (Kéy®)) =
0000.RO0OOCOOOOOO0DOODOODOO <5y0(5y0)T>DDDDDD.
000000000 trace(PY) 00000000000 KOOODOOO,

(trace (P*)) =0 (92)

gbog.bogoobobbooboob,0obon

ai (trace (ABAT)) = A (B+B') (93)
8(1 (trace (AB)) = BT (94)

000 (Gelb et al. (1974) 00 (2.1-72), (2.1-73)000). 0 (91)00 (92)000
0,0(93),(94)000,0000000POROOONONO0OOONOONOO00

—2(I-KH)P/H' +2KR =0 (95)
0D00.000KOOOOOOO,000000000KOODOO,
K =P/H' (HPJ‘HTJFR)*1 (96)

21



00000.000(9)000000,
Pe = (I— KH)P/ (97)

gogoo.

gbooo EKFOO0OOOSMI0bOO00Ooooboooooboooog,
uboboobubd x, ,dboobouooMbO0boboooogx, 0000000
ggboooooaooo

x/ = Mx? | (98)
0000000000000

P/ = MP? M’ +Q (99)
00000D000000000000D000000

K, - P/HT (HP/H  +R) (100)

000000,00000x000y°'0000,000000000x*0000
goooo

x; = Xzf + K, (yo - Hxi) (101)
000000000000000
P’ = (I - K,H)P/ (102)

goo.

22



3.3 Uobugbuobbobobod

0000000000000 (2005,20060)000,EnKFO000O0O00O0ODO.

3.3.1 U0dobbouooobbbooodn

OO0 EKFOODODOODOOODOOOOODOO (10)o, 0000000000
goddoooooou.obobbbbbbbbooooooooooooooa
10°000000,0000000000000000000000000O000
000,10°x10°0000000,000000000000000000000
gogbbobooo.bboooobbbuoodobbbooobbb.o0obbboo
gbob20000000b0b000oog20bbo00gbba,bboobbod
gogbbobooggobob4boooooboboo.gbb,gooobobood
gogbbboooobobuoooobbboooob,ogg,bboooooobooboa
gogbbbuoooobboooaoobob.

gbo,bbgdbuoobbodbooobugbbodboobbuoobobo
gpOb00O0booboob.0obooboo PO

P = (ox(0x)")

1 T
DI (6x®) (103)

n—1,5

Q

0000.000,NOOOOOD,!0000000000.0000PO0O000
0000000000000000000.PO0OOOOOOODO, 000000
oooooo,

p/ —Ef (E) (104)

OD00O0O0.E0DNxNOOO,UU' =1000000000000000,0
0000D0000000. EUDOOOOOOOO000EDOOOOOOO.O
(103), (104) 00 ED

1

n—1

E =

{5X(1) . 5X(N)} (105)

o000 EOOOODOODOOODOOOOOO,000000PODODODOO
gobooobo.obo,0gobbbooobbbooobo NODOOODDobOooo

23



gobooboooboobooo,boobobobooboo.0b0obopPOOb0OODO
g

P = VAV
= VAV’ (106)

oobAdbOO0OOOO0ODOOODOOODLOObOOOvVOOODOO.ooO,o
gogbbbogg,bbbuoogobbbba,gbbbouoobobbodad
gobobo  NDOobobobobo,pObO0O0oobobobobobo,on
gpPpOO0b0O0OOO0ODOOOODOODODOODOODD.O0bDbOoObDObOOn
O0mOO000AOmxmOO0O00O0,VONxmOOOODO.OOOOO
goooo,ED

- [ox(D) - gxm) (107)
m _

gobb,mU0000000DO0O000O0DOO0O0O0ODOO0O0bObOO000n0. 0o
gbbodboboooboobboobbo,bboobooboboobbuoobbo

goboopObOO0bOO,00b0O00bO0o0bDOoOn.
0000000000, 00000000 (99)0,0000000000A0O,

p/ = E/(E/)

7

= MP? M’
- ME?—1E?—1TMT
.
= ME?, (ME{,) (108)
000,00000E/O,
E/ = ME® | (109)

00000.000E*,0 (1070000000000,

E{ = ME}?,
= ml_ : [Méx?ﬁll) - -MCSX?ET)}
- \/% (M (=, +0x{Y) = M (x¢y) - M (=, +0x() = M (x¢ )]
= [ ) e () 5 (10

24



000.000,/00000000000000xYW=x+6x®, 0000000

m

I QA

D0x=—>YxP000.000000 (110)0 mDO000000000000
=1

000000.000000000000PO0mO0000000D0000000O

ggbbobooogbbobod.
0000000oooo,0000o0oooo000oooooooogoo (100)
ggboooboooobo.

K = P/H' (HP/H' +R)
— B/ (HE/) [HEf (HE/) + R} -
— Ef [I+ (HEf)TRlﬂEf}1 (HE') R (111)

gooobboobobo,ougoogoobbob nO000bbOO0ObObO0O0go
gooobgoob.0bo,00obooboob ROgb0O,000oboobOon
gogbobbooooboboooob,doobbboooobobboooob,od
000 R'O0000O0O0O.

OO0 EnKFOOOOOODOODOO (DODOD 2005,2006000). 0000
gboboogobobowbhbOooobo.bbuoobboooboboobbog. oo
g, goboobooboboboobuogb.bodgb,bbobobobboboba
goboooboobbooboboob.oobboobooboboobog, EnKFE
gbobooobgoobobooboboob.400b0b000DbObbLODbLOn
gbuodbobobobobuodboboboboobugbobboboobaobo
g,0bogoobobtoooobbbuooobbob,oobbbodoogbbobod
0000000000000.000001000000000000 (covariance
inflation) 00 00 0000000.000000000000DO000O00P/O10
0000000000000, P/000000000O0O00.00000,

Pl = (1+6P/ (112)
oooooo,
Q = 6P/ (113)

gbobobobobgoboo.booooboobobobobobobonoon
gbbodbooobo,boobbuodobbogboobobuoobbuodgbobo
goo.
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O000000o0O0000000oooOoO00000ooboooO0O0O000Onn.
O0000,0000000000C00000C0O0000COO0O0O0GCOOOOBO
O000ooO0.0000000C0O0000C0O0000COOOOOOOOOOBO
O000,000000000000000O0000O0,00,0000000000
O0000000000O00000O00000,0000000000O0O0O00O0B0O
O0000000000000000 (Houtekamer and Mitchell 1998, Hamill and
Snyder 2000).

3.3.2 U00O0obObOoOooobbobooodn

EnKFO,0000000000DO000DO0O00OO00b00bOo0bO0o0. oo
gobbboooobobboooo,buoobbboooobbboooobb.d
goggoobo,bobbbobbbbotbodddoooooobobbobooogooag.
gogbb,ggbobbboooobbbdoodobbbuooobbbooodo.bod
00000000 EnKFO 100,00000000000000000 (LEKF :
Local Ensemble Kalman Filter), 0000000000000 O0O0O00OO (LETKF
: Local Ensemble Transform Kalman Filter) O 0 O . Patil et al. (2001)00000
000000 (National Center for Environmental Prediction : NCEP) O Breeding
gogbbboodgbbbood,bbuodobbbooobbboo.bbbod
O00O0oooo,Ottetal (2004)0 LEKFOODOOO.OOOODOOOO,00
gobbbooobobobuoooobb,oobbbuooobobbog,bbbod
00000000000 0o0oooooooonD (0O 2006). LEKFOOOODOO
goggoobboboobobbbooooooobo,obbbobobobboboodogooag.
000,00000000000000000,000000000000B8O0O
gogobb.bbbouodgoogob,bbbbouooooobboboboadggo
gob.buogoobbbuoooobobbbuoooobbboog,bbbbod
gbbodbooobuoobboobbogboobobuoobbooboon.o
g,0boggobobogoobbobuoooboobobo,gbbbooodgoobod
goboboboooobobboooo,bboooobo.

OO0 LEKFOO,00000000000b00b000b0bob0,0bobg
O000000.00000 (2006)000 Ottetal (2004)000000000
go.

0000000 EnKFO, LEKFOOOOOOOOO LETKF O, Hunt (2005)
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00000000, LETKFO LEKFOOOOOOODO0O000000,00000
00000000000000000000. Harlim and Hunt (2005) 0000,
LETKFO LEKFOOOOOOOOOO0000000000000000,000
0000000000000000000000000.

LETKFOO P/0000000000, 00000000 E[Nxm0000
00,m000000000000000mO00000000000.
00,00000000000000000000x*Y,..-.x*™oooooo
OMOODOOO,

I

= (e )

DDDDDD.DDD,Xfx@ ONxmOOOODOO.

19 “M—1

0O000D0000D00000 PN xN|O,
P/ = Ef(Ef)T
- EB1(E) (115)
D000DD.00,m0000000000000000 P/mxm|0,
P/ =1 (116)
0ooo,o (115)0,P/o00o,
P/ = EPS(E) (117)
000000.00000,000000000000000 P9[N x N|O,
P — E/Pe (B/) (118)
0OoO00.000,0(102)00 (111)000000,,
P* — (I-KH)P/

_ (I_Ef

_ E/ (Ef)T _E/ [I n (HEf)T RlHEf} - (HEf)T R-'HE/ (Ef)T

I+ (HEf)T RlHEf} - (HEf)T

R1H> B/ (Ef)

~ B (B/) —E/ {I + (HE) R—lHEf} B ([I + (HE) R—1HEf] _ I) (E)

_ ®f [I + (HE/) RlHEf]l (£

27
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mO0000000000000000 Pojm xm|0,
~ T -1
po— [I+<HEf) R‘lHEf} (120)

ggoooo.
O00x¢[Nxm|OOODOOOOO,

! =x! + K, (y° - Hx!) (121)

gboo.gbob,0ooboobobHOoooooooooboobobobobo H
0o0ooooooo.ooo,00o0o0 (11yooooao,

)

x° — %/ 4B {I + (HE) R‘lHEf} o (HE!) R~ (y° - Hx!)
~ x/ +E/P* (HE/) R (y" - Hx!) (122)
000000000000,000000000000000000000000

gooo.
gogbbbuoooobbbuoooobbbooaotb,

P = Ej(E")’
~ T
= E/P:(E)
~ 1
E* = E/P¢? (123)

DDD,DDDDDDDDf’?DDDDDDDDDD.??DDDDDDDDDDD
- 1 -

O,py?0000000000D.O0000C P 'DDoooDooooOooOOoO

- 1

P*O000000OOOOOOOO.

Pe~' = I+ (HE/) RHEf
= VAV’ (124)
Pe = VAWV (125)
P9z = VA2V (126)

gobbbuooooboboooob,booobbboooobbbooon,

E* = E/P:®
— E/VA VT (127)
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oooooo.
0000,00000000000000000,0000000000000
00000 x? [N xm] 0,

X? = X'++/m— 1E® (128)

ggboob,gobbbuooobobooogbn.

ggbobobbooogbbobbooooobbobtmm—=-1000000000
goodo.odon, breeding O SVDDDDDDDDDDDD;(m—l)DD
gbobobobobo,goboobobogobooboobobobobobon
ggboboboood.

3.3.3 0UOO0ggn

EnKFO EKFODUOOOO0OO0OOO0OOOO0OOOO0OOO0D.0o0boobon
glboodgboobooiligbbuogobbuoobobooobbooboobo,obbod
gobodbboooboooboob,obbooboooboobobuoobobo
gboobob.o0o,EKF0boboboboooobobobobobonoon
gogbb,ggbobbboooobbbuoodobbboooobbo,gbbbod
gboboboobooobobobob. enkKFOOODOO0OOO0OOODOOODOO
gboooboo,gbbEKF00O000oooooooon.

gi1o,bobbbodddgooooooobobbobobbbbboooogooaa.
gbboot¢+=¢,000b0000oboobboobboooboobbooboboon
0.0000000000(@O00) 00000000 0oo0ooooooo.o
gob,ogoobobboooobbobooobbboodg,bbouoogbbboo
gogbobobbooooobobobboooo.bbt=000000¢t=¢+100
gogoo,bbboobbbobdggoo,goooobbobbo.boo0gd
gbobobobot¢:t=¢,0b0boboboboboboon,bobdt=¢+1
ggooooouoaoooobbobb.ooodt=¢+10004004040ag
gboobooo,ggboooboobbuoobbuoobbuoobbodgboo
gobobo.gd,bougobbbuoodgobboooobboooooobbod
goo.

020000000000000 EnKFOOOOOOOOO 3DVAR(3OODO
O0)0bo00000O0O0O00O0O0O0OO0OOOO.0000D0O0O0DO0OO,0000
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gbogobgboobo.boobobbobooboobob,oboobon
OO0 EnKFOODOOOODOOOOODOOO,3DVARODOODOOOOODODOOO
gobbooboodgb,bgoobbbuodgbbbooobbboooo.bod
O0000DO0O0O000o0DoOoO0O0O, EnKF,3DVAROOOOOOODOOOO
goooboobuoobo.boobdg,enKFOO000oonoooboobon
O0,0000000DO0D00D00000bOO0bODbDODn,3bVARODOODOOO
gobooo.
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3.4 00O S-ModelDOODODOOOO

O00O0,00 S-ModelDOODOODOOO,0000000000O0O0O0O0ODO
ggoobobodggd.

Lorenz(1963) 00, 0000000000000 O0OO0O 2000000000
g,bggbbodbbodgbboobbuogb,ggbboobbuoonbog.
gobodbbooobooboboobbooboo,boobooboboobbo
gogogobb.bb,bbbbboodogoooooobbbobobb,bboodadao
ggbbbuooobobboooobobog,bbbooooooboo.

gog,ggbobbobobbood,ggoooooobobboboodg, gl
gbobogobooobbogbbuag,bogobbuoobbuoobboonoog
go,boggoobbogooboboboooboboboooobobooa,bbod
gbbodgboob.oboooboobboobboobbodobbodbobo
gbbog,bugdbboobuoobbuoobbooboobobuoobbuodobobo
gogoooo.

gbbogboogbobuodgbooobuoobbodgboob.obnbuoobobo
gbobodbboobooboboobboobooboboobboobo.bbo
gbooboboboboboooooobobobobob,bobobooon
gbobugbbugbbuog,bogbbogbbogbboob.obboob,
gbbodboboooboobobuoobboobooboboobbooboo.oo
gb,gbbogbbooboobbuoobbogboooboobbuoobobo
gbobodboboobooboboobbooboooboobboob.obbo
gbobobgobobgobooooooboboboboboboobooog, o
gbbodbobooobuoobobuoobbooboob.oobuoobbodobobo
gogobbbobbbouoooooobobbobbbouoooooobbobbboogd
gobboog.oboboooobbboogbbb,oobbooodgbbbod
gobooobbuooobooobo,obboo1bbooooboobiobbod
gbgobgoooboobooboon.

OO0 S-ModelDOODOOODOOODOOOOOOODOODO.OOOODOOODO
ooboooboooooooooooo,bboobo0obbbOog S-ModelDODO O
gbobodb.gobbuoobbogbbodgboooboobuoobbooboo
g, bggbbdudgbbogbuoobobuoobbogbooobuoobbuooboo
gogboboboogooobooooooobo.
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3.41 0O000O0O0ODOO

OO0 S-ModelUODODOODOODOOOODODOO,000000D00ODO0OOODOO
0000 (Tanaka and Nohara 2001). 00 000000000000 OCOOOO
O00o00ooo0oooooooooo,0oo0oooooooooooooonn
0.0000000000000DOO0,0000D00DO0DOO0DO0ODODOODODO
0000000O000O00.00b00O00,000D00000D0ODOO0OD0ODOO
0000000000000 0DO000DbO00DO000DOO00DOO00DOO00D,000
0000000 00b0o0oo0obOobooobOobD.obogoo,0d S-ModelO O
00000b0o0o0o0o0bo0o0oDbo0obOoooDDbOooooD, o000 mbO0
O0oo00oDoodoooooooooooooooooooooooooo, oo
gboboboboboboobooooooooobo.oboobo,gobe0bOO
go0boooboooboooboobobooobog, oo 1o, 12, 14, 16, 18,
20,20 000000000000 00DO0O00DOOO0DOOO,7TODO00O0O0O0DOO
0.00000000000O00DO00D00000b0obO0oDOoOos8suboboooDon
0000000 S-ModelDODOODO.

J0O0000b00bg S-ModelUDOODOO.300000DO0O0OO0ODOODOO
00 S-Model O,

dwi
dr

i,k
i = 1,2,---,n
godobo.w,000o0ooboobooo,roobooon, s 00oooono
ooo,rnpOO000000000000.00 f00000000000C000
gbdodoodoooooouoouoouoouooa,

fi=Fi+ Aijw; + Bijw; +0; (130)

0000, f0000000,w;0w00000,/000000.00 Ay, B0
00 &0000000000000000.0000&00000000000
000,00000000000000006&000000000,000000
00000000000000000000.

000000000000 000000000000 000000000
0,000000000600000.
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00000000000 &00000000000O0,00000000.00
000,000 ¢000000000000000000000000000.
00,0000¢000000000000x%,100(600)000000 x*,,
DOoO0000O,n0000000%x*,,000.00,00000000000
000000,n000000x¢,,, 000000000 SModelDODOODO. 6
0000000 %/, 0,

X{—nx4+1 = MX?an4 (132)

000000.000 MODOOS-ModelDOD. 0000000000000
00000 6000000000, 10000000000000000. 00
t—mx4+1000000000 €nyars O,

Xi{—nx4+1 — X{pxat1 (133)

6 X 0T

€t—nx44+1 =

00000.00000000000¢t0000000000,¢;(:=0,1,2,---,nX
4)000.
6, Um0O00 ¢, 0,

Em = Z € (134)

oooooo.
00000000000000000000.0000000000,0000
000006, 00000000 (000001000)000000000,00
00000000000000000000.0000000000000000
00,,,;000000000000000000000000000.0000
O,m=10,12,14,16,18,20,220 00000 70000000, 00000000
0000000000008 0000000000000D0N0NDONoNong.

3.4.2 0O00O0OO0OOOOO0

OO0 S-ModelDOODOO,0000000000DO00DDOODODOOODOOODO
gog,bogboobooboobobbobooboobobboboob. o
gbbodgbo,bbodboobbuodobbogbooboboobbodobbo
gogbbobuoog,bbuooobbbuooobobboooooon.
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0000¢000000x¢0000,000000000000000000
0000x{ ,,0000000000000000000000x,, 00000,
mOIO00000000000000000000x(,,000.000,0000
000000000000000000.0000000000

(5x{_i = X{_i—X? (135)

i = 1,2, 3, -, m

000000.000000000000000000000000000000
0000000000000,000046x,0000000000000000
00000000,00000000000.000,000000000000
000.0000000000000.000000000 ||6xf,|000000

ox! .
DD,DDDDH;;MDDDDDDDDD,DDDH&LNDDDDDDDDD
X i
opl O,
ox! .
opl = |lox]_ || x —+ (136)
T x|
i = 1,2,3 -, m00j5=123, -, m

O00000.00000,=1000.000000046{,000001000
D0ODO0OO00O0 ||6x)|0oO0.

00 SModel D0OO0OOO0OO0OOOOOO0OOODOOO, 000000000
00000000000000.00000000000000000000, 0
000000000000000000000000000,000000000
000000000000000000000000000000000000
D000000000000000.0000000000,00006p/ 000
00,0000000000000000.00000000000000 EOF
00 (Empirical Orthogonal Function Analysis : 000 O000000)000O.
EOFO0O0O00000,00000000000000000000000000
oooo.

D000 EOFODOO,0000000O000OODOODOODOODOOOn
D00000000000. 000000000000, 000¢0000000
Oép/ 000, 0000 EOFOODOOOD.

OD0000,EOF000000000O EOFO 10000EOF1, OO EOF2,
... EOF50000000000 vy,vs,---,0s0000,000000000 6p;/
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0,0000|6x|000000O0,

op; =[xt ]| %

(137)
i = 1,2 3,4, 5

000000.00000000006p/(i=1,2,---,5)0,000000000
00000005000000000000.0000006p, 0000 x¢00
000000000,00000000000,

X = xa g spd (138)
x(* = x¢—op/ (139)
i = 1,2,3,4,5

gobood,stougdgoboogilougobbooobb.obbooobbod
Ui xtdboobd,11ogbodobodbogoogoboabod.
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3.5 UOoon

000000000000, NCEP/NCAROOOOODOODOODDODOOOOO
go.

e UUDOUODOODOD25%°x2.5°

000000000170 (1000, 925, 850, 700, 600, 500, 400, 300, 250, 200,
150, 100, 70, 50, 30, 20, 10 hPa)

00000000 (uv), 0000000000 ¢

goob19s00 10 10020050 120 310

000000000z, 0600Z, 1200Z, 1800 Z

gboboobobgoo,bbooboooboooboooboooboooDb 1o
gbbodbbodobbodob,obbodbuobbuoobboobbooboo
gogbbbooobbbuodgbo.buooobbbooobobboooobb,o
gobboobooobobobuoooobbo.gbbbuoogbob,oooboboboo
gobbobuoodgoboboooobobuoooon.

0 NCEP/NCARODO 19490 1000 5000000000000000000OO
gbodgbuogbobobobboboo,gbodgbuodboobobboboa.
oo0o,1990000ooooo TIROSODODOODOOO,bobobobobon
goooooooboboooo,9boboooouoogoobobobooon
gbbodbobogobogobo.buogbbogbooobuoobobuooboba
gobogobogbb,oboobobooobooobooboob.on, 2.8°
x 25°000000000,0000000000 T300DOOOODOODDO
gogbboodg,0bbboooobbbuoodbbbuoogb.oooobbboo
ggboobo,gobbbuogobbbouoobbboooobbbood.

0O NCEP/NCAROOOOOOOOOOOOOOOOODOOOODOOOOO T62,
gboboodgosob,ggbbogoboosobooob,gbbogbbooboa
gbogo.gobo,bobooboboobobobobobgobbob T300000
ggbooboagd.
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4 0000

O0O00O0,EKFO00O0O0O00D000 S-ModelDO OO, EnKFO EKFODO
gbo400000000DO0O0D0OO0DbO0ObD,bOo0b0bOo0bO0g. EnKF
00 LETKFODOOO. 00, d0booboooboobooboOo,EKFDO0
ExKFOOOOOOOOOOOoOOoooboooooO0o.000 EKFOOO EnKF
goooo,boobooboo,4000b0oboobobooboobon.
go,000booboboobobboboobob0 EKFOD0DO EnKFOO
gobooogoon.

O0000O000O00D0O0D00O,00 S-ModelDODOODOODOOODOOODO
O00oooo.00,19%00 10 10o00U0TCOODOODOObSMO000 S-Model O
ggd,gobbbbobbbotod. g, ggooooobbbbbboodagd
O,000b00bogob0.0bob0ob0ob0obg,dn S-ModelDOOO, EKFO
U0 EnKFOOOOOOoOoOOooog,0ogbooboobooo,

4.1 0JUO0OD0ODODDOOOODODOOEKFOOO

EKFODO,0000dbobogobodoboboobooboboobuoobbon
gbbodgbbogbbgoobog,bodbooobooobouoobooboo
goggooboboboob.obbooddadg,gugudg pbbbbbbo,bbooggd
gooobobobboooooooob.bobbobood p=1.00,1.05,1.1000, 0
0000000100000 (200)0000000000.

4.2 0OJ0O0OO0OOODOOOOOOO0 EnKFOODO 1

41000000000 p0000, p=1.00,1.10,1.50,1.80,2.0000, 0000
00001000000 (2500)0000000000.00000000000
0000000000 000000,34000000000000000000
0000.0000,,0000000000000000,0000000000
000000,00000000000000000000.000000000
0000000000000020000000000000000,0000
0000000020000,
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EnKFOOODOOOOOOOOOO p000 EKFOOOOO0,000000
000000000000000000 EnKFOOOOOOOO0O0O000000

000000000000000000000,0000000P/ 00000
00000000000000000,0000000000000000000
000000000000000000.00000000,0 (120000000
p000000,P/0000000OOD,000P/ 00000000000

4.3 0OU0O0OODDODOOOOODOOO EnKFOODO 2

0000000000 O00000000,0000000000000000
0,00000000000000000000.000000,0000000
000000000 3400000 EOFO0O000O0O0OO0OO0D. 0000000
00000, 21,31,41,5100,00000000

4.4 EKFOP/0EnKFO P/ 00O

EKFOOOOOODODOODO P/ O0O0O00OO00O00OO0,P/ 000000000
gogboo,gbobbboooobbbuoodobbbuooobbboog,bbod
gboboboooooboboboboooobobobob, EeEnkKFOOO0O0O
0000000000.000,0000EKFO P/ 0000000000000
00000000000000000000. 000, EKFO P/0 EnKFO P/
gbogobgo,obbooboobgooboobg.

4.5 0O0O0OOOOODOEKFOOO

41000000000 pdddd, p=1.00,1.05,1.10000. 0000000
0100000 (2500)0000000000.AO000DO0O0O0ODOOOOODO
gg1guougbobuooggao, 9890 1b1obugaobo.

4.6 UJUOUOODODOOO EnKFOOO

4200000 EnKFOOOOOOOODO.00000 p=1.00,1.10,1.50,1.80,2.00
O0,00000000 1000000 (200)00000000O0O0O.00D0O
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450000,19890 10 10000.

4.7 0OO0OO

00000000000 EOFODO0ODDOO0ODOOO 1000000,0000
00, RMSE(Root Mean Square Error: 000 00000)00000CODOO,
gbodotdotuotuououououooob.ouoo,ouoouoooodoo
0o0ooooooooodoooooooooooooong 19890 10 20 007
0, 000000000000000000 19890 10 300 00Z2000O.000,
goooooooooooono,0oobodoogoooog 19890 10o0o00o0o
02005011 00000000000000000 RMSEODODOO. 00000
oo0oo8OO0O,EOF000O0ODDOO 110D000000.
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5 0O

5.1 0000000000000 EKFOOO

gbogbouobuoobuobudgb EKFODO00oog.ogoo pdbO
g, 0bogggoboboaogn.

5.1.1 0000 p=1.00

g3bgbeddbodp=1000,000b000000000b00.030,0
gbooboobooobuooobobo.0o4000,000,000000000000
godb,EKFO0000bobogogoooo,oobobobobobonoon
goboobobooboboob.osbg, EKFO000DOOoooboooooon,
gboboooooboboboooooobobuooo.bebUb, EKFOOO
gbobooooobooobouoobobuoobbooboboob,obboobobo
gbogoobg,boobooboobobbo,ggbooboboboboobon
googbog.bgobgooog,bobbobbob400b00bO0o0DbOn
gogoboboob.ob,bbooduooooooobobbo,bbboodagd
goboboooboboooboboobobooboo,bobo,bobobooob K
gogooob,bbbobobbboddoooo. oo, gobobboboobodad
gbobobobobg,obobooooboobobobobobobonoon
ggbbobuooobboooooboo.

5.1.2 0000 p=1.05

gr7ogbiobooobdp=1060000000,000 p=10000000
gogodgoo.grbbo 3o, ggggouooobbbboboboob. b8l
go,0b00,0000o0boo0obooboob,EKFODO00O0O00b0oonDon
go,000o0boboobobgooboboboobobooobo.o9bd,
EKFOOOoOogooooboooo,booboobboobuoobbobbo
googoo.o0loodgbob, EKF00bogoboobgobooboooobon
gogbboboodob,ggobobobuoobobbog,bbbooogboboobod
god,ggobbbobobbbotodggooooobobbo.bobbobooog,gd
gbobogbgo4b0bbooboobooboobooboo.o0,uoo0bon
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gobgbooooboboboboboboob,bobobobobobon
oo, EKrggooboogooboog, gobbbogooobbooobboon
uo.

5.1.3 0000 p=1.10

U11gbd 4dbogib p=1100000000,000 p=1.0000000
gobodb.01noo3sgob,gbbogbbooboboooboo.b 1200
g,gob,bboobodgbooboobob,EKF00oobooobooobgn
g, gobbbbbodugooobbobboooooobboboo.o13gon,
EKFOOOoOooooboooooo,booboobboobuoobbooboobo
gooooo.040ono, EKFO00000b0o0boobooboboooobon
gogbbboooob,ggobbobuooobbboo,bbboooboboobod
g, ggobbbbbbbotbuooooooobbb.bbobbboodag,ad
gobogbdgo4bobooboobooboobooboo.goo,gobon
p=1ll1000000000000O0O000DOO0OODOOLbOO0ObLbO0n,on
gobbobuoooobbooooooboo.

gooobooboobob EKFOOODO,0000oboobuoobuoobo
gogbbboodobbboodab.buoodobbboodob,booodbbbod
gbbodboboobuoob,obbuodobbogboobobuoobboobobo
ugg,boogoobobooogon.

41



52 000000 U0O0OUOUOUOUOEnKFOOO 1

gboboboboboboboooo0 EenKFOOODOO0OO. 0000 p0OO0O0O
g, gbogbuodgboobobbo.obbobbobuogbg20bobog.

5.2.1 0O0O0ODO p=1.00

Ulddd 1 gdddd p=1000,00000000000000.0 15
g, gobbobbboooooooobobob.biledogo, oo, bbbbbogod
googoud, enkKFO00000000000000,000000000000
goboooboooboboooboo.gobbo1wobbo,o0bbooo
gooboodobooobobooboboobo,40bobboobuobbobon
U.0 8OO0, EnKFOODODODOOO0ODOOOODOO0O0bO0obOobuonDon
gooob,0o0,0bo0booboboooboob0oobuolb EnKFO OO
goggobbbbbbood,bggoooooobbbbobboodoaoaad.
oo, EnkKFO0O0OD0OO0D0OO0O0O0O0O00000.01e000000000000
gogoobobo,bbbbobbuooooooobobbbobobbboouogooa.
gb,gbbuogbbogboobbuoobbogbooboboobbuooboo
0,00 S-ModelOOODOOOOODOODOODOODOODOO.OOOODODO
o000, EenKFO0O0000D0O0DOO0O0O0O0OOO0O0O0DO0DO0D0O0OO0, O
gogbbbooobbbuoooobbo.obbbooobbbooa,bboo
gogbbobuoooobbooogboboboooobbooooobo.

5.2.2 0O0O0OO0O p=1.10

g1mooo200000 p=110000000.0 1900 15000,00
gobboooobbbuooo.g2000b,000,b000b0bobooon
gbood,p=1000000000, EnKFOD0D0DOD0DOODODOODOO0ODOO
gobbuogobbuooobbooobbooobboo.bboo 21004400,
p=1l0000000000000000DO0ObODO0ObLbOO0bL,0ob0bO00n
gboo.022000,eEenKFO0000O00O0OOO00OOO0OO0OO0ODOOOO0OO0
ooooboo,0o00,0b0oboboobobobobobob0oodbn EnKEO
gbbodboooboobba,buobbodgbooboboobbodobobo
.00, enKFO000D0000DO000DO0O000. 00000000 boon
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U0, EnKFO0000000000DO00DO0O0O0000000000,0b0000
gboobooboboobob.obobbp=11000000,00000000
gbbodgbbuoboobobuoobb.0buoobbuoobbuoobbodgbobo
goo.

5.2.3 0O0O0ODO p=1.50

23000200000 p=150000000.02300 15000,00
gobboooobobbooo.g200b, g0, boooooboboooo
good,p=1000000000, EnKFOD0DOD0DOODODOODOODOO
gobobogobbuoogobbuooobbooobboog.bbog 20000,
p=l000000000000000O0O0O00O0ODOOO0O0OOOOOO0O0n,
gbobooooooob.b2e000, EnKFOD00OO00OO0OO0ODOOOODOOO
gbogobgoboobgoobg,bob,obbobbooboobooboon
gogbb,ggbobbbooobobbboodb.ogoobboooobbboo
gogoboboobo,bbbodggooooobbbo.bobb,bboodagd
gobobooobboo.0bodgd p=15000000,00000000000
gogbbobooooboboo.oboboooobbboooobbbuooonon.

5.2.4 0000 p=1.280

g27gbgs300dbdd p=180000000.02700 15000,000
gobboooobobooo.b28000,000,00000000000000
gb,p=1000000000,EnKFO00O0D0O0OO0DOOODOOODOOODOO
gbobodgbboobboobbogbboooboo.bo290ggno, p=1.800
OO0 EnKFOOOOOOOOOO,000000000000000000D0O
go.

O0O0DbOoDoOg,00 S-ModelUDODO ExKFOODDOODOOOOOODOODO
gog,gobbbobbbotbouooooooo.obb,bbobbboodagd
gogbbobuoooobooooooobooo.
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53 00000000000 UOU0 EnKFOOO 2

gboboooboobobuooobbo EnkKFODODDOOO0O0. 00000000
gooobbbbo.bibdog pb,gobbbbodooubobbbibogo
go.

5.3.1 0OO0OOOODOODOO21, ODOO00O p=1.70

g3lpgbb4bdooooooobbo?2,0bbbp=17000000
O.000000,00000000 EOF000ooooooogob,0bobn
gbbodbobooobuoobbuoobbooboob,ooboobbuoobbo
gogbboobboouoooob.b 3o, ouooooobboobooogoag.
032000,000,0000b0000b000b00b0O00,EnKFO0O00O0ODOOO0O
gbobodbbooobooboboobboobooboboobboobobono.g
gbob 330000, 0000b0000b0000b00,000b0000Db0O00
gbbodbooob.0oboobbuodobbooboobobuoobboobobo
gb,g0booogbooogboo,bboobbuogobbuogobbooboboon,
gbobobobobobobuooooooboobob.ob44b0oobo,0oon
gogoobboobbobodooooobbobbbuooooooobboobobooo
gbogoobgon.

5.3.2 U00O0OODOOOOO 31, ODOOO p=1.60

g3sbbb3suuuuugonooobbn 31, bbbl p=16000000
g.g3s0b031obb,bboodgogogooboobo.b32000,00
g, 00boobgobooboob, enkFO000000000Db00O0DbDO0
gbogboobboobooboobooboboboboob.oobo3rbon
g,b0obbooboobg22z1ogbboooboobooboobboobbon
gogbboo,gobbboooobbobuoodobbbooobbobo,gbbbod
gobbbooobobobuoooob.ooobbbuooobbboooob, oo
goboodbbuodo,ggbbogobbodobbuooobboonbbD.d 38
gbodob,bobobobobgoboooooobobobobobobooon
gobbbuoooobbobooodan.
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5.3.3 0OU0O0OOOOO0OOO41, ODOOO p=1.55

039000 42000000000000041,0000 p=15500000
g.0390031gbob,00boobobooboooboo.b400bb,00
g,00boobuoobgooboob, enkFO000000000b000DbDOon
gbobobobobobobgoboooooobobob.b410000,00
ggbbbooobbbuoodgo,buoodbbbuooobbboooobb.o
L0000, 000000000DL000DOOODOOODDOODDOODD
gobobobuooooboboooooon.

5.3.4 UU00O0OODOOOOObBL, DOOO p=1.53

043000 420000000000000 51,0000 p=15300000
g.040b031gobo,0o0boobobooboooboo.b400b00,00
g, 0gbgobugobooboob, enkFO0000000O00b000bD00
gbbodbogobuodgbboobouogbbodbuoob.o40bboa,bd
gobobbooooboboooo,boooboboboooobobboooobob.o
60000, 000000000D000DOOODOOODOODODOODODO
ggbbobouoooobboooooon.

gbbogboo,bogobbogbooobuoobbodboobbuooboo
gogbbbogoobobuoogo.oba,obbuoooobbbooodgbooboobod
0000000000,0000,0000P/ 0000000000000O00O0
go.gg,gobobbbbbbooduuoooda,goobbbbbboodadd
gobb,goobbbuoogobbboooobbbooon.

54 EKFOP/0OEnKFO P/ OOO

EKFO P/O000OODOO0OO,000000000000000000000
gobbobooobb,goobbbuooobbbuooobobb,o0bbboo
gogbbboodgo,bggogbbobuooobobbooobbbooo.bbod
000 S-ModelOODOOOODOOO,P/O00000O0OOO0ODOOODOOO.O
O0,EKFOP/0EnKFO P/O0O00OOOO,EnKFOOOO0O EKFOOOO
gobgoobobgoboboobboo.bboob,b 4700 48000.0000
gobogooooo,bgobgobooob.ob,047vboob,00bbon
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000500000000 EKFO P/ 00000000O0OODO.O0O00,000
gobboooboboilobbiliogbbuo40bbooobboog.ogobood
O,EKFO P/ 0000000O0O0O0ODOOOOO.

000,040 EnKFO P/O0O0OOOOO,EKFO P/ 0000O0O0OOO.
gbooobgboobogsiobo,ogbuoobobboboobsl—-100
0.0000EnKFO P/O0OD0OS00000000,00005100000
00000000000000.000000,EnKFO P/ 0000000050
000000000000000000000,EKFOP/ 0000000000
gobboboooobobooon.
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5.0 000000000 EKFOOO

0000000000 EKFOOODOOO. NCEP/NCAROODODODDODODO
OobooooboooDooobboobooooooD,gn S-ModelOODOOODOO
ggboob.odgbbpbbbog,bbobuoooobbbooon.

5.5.1 0000 p=1.00

g49dddsogogdgg p=1000,000000000000040. 0O 49
g,g0,gbboobodgbooboobobobob,EKF0b000boooon
goboo,bbuggbboobbuooobboobbuooobobodobn.dso
goo, EKF0googooboobuoobooooboobbooboobobon
g, gggobbbobobbbooudg,gooooooobboobb,boodagd
ggbobobboogobobobboooo.bbooooob,oooobbobog 4d
ggbbbouoooobboooaobooo.

5,52 0000 p=105

gsroggsz2uudin p=10000000.0510,00,000000
gbooboboboooooo,EKrgooooobobobobog,oboooon
gooobobooobooboobooboboobbo.bos20b00,EKFODDOOO
gbooboooobobobobobuoboobobob,boboboobon
gogbboo,gbobbboooobbbdag,bbuoooobbooodgbbbod
gobogob.0obgoobgooob,bbobbobbo4bo0obooboobon
gogboobogd.

5.5.3 U000 p=1.10

gs300b0s4dbuibip=110000000.0530,00,000000
gboobobobobooo,EKrpgouoogbobobobg,obooon
gobogoooobooboobooboobbo.bsbbO,EKFODOO
gbbobooboboooobuoobbuoobbodbooo,gubbooboo
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