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A Study of Predictability
of Barotropic S-Model by JRA-55 Data

Yukihiro Ichikawa

Abstract

It is assumed that the mid-term numeric forecast has limitation, because there
is the wall of the chaos of a nonlinear fluid. Forecast period is seven or eight day,
even the numeric forecast model on active service. It is paid to attention that the
technique for forecasting by spatial mean and time mean field to overcome this
forecast limit.

Barotropic general circulation model is developed by Tanaka (1991). This model
predicts barotropic element that is vertical mean component of the atmosphere.
For this model, we have to give the effects of topographic forcing, baroclinic insta-
bility, and friction by Ekman pumping, etc. by the external forcing. Barotropic
S-Model in this study, external forcing is obtained statistically from observation.

To improve the forecast accuracy, we have to use good data set. So, in this
study, we use the JRA-55 the latest reanalysis data set as a statistical data, and
we experiment predictability. But, it is found that JRA-55’s accuracy is as well as
NCEP/NCAR reanalysis, as a result. The result shows that the JRA-55 data is not
much predictable than NCEP/NCAR reanalysis data in a barotropic long-range
forecasting model. JRA-55 has errors as well as NCEP/NCAR reanalysis.

Key Words: Numeric forecast, Barotropic general circulation model, Barotropic
S-model, JRA-55 , NCEP/NCAR reanalysis
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4.2.2 0OO0000OO

0000000 (42)000000000000000DOOO00O0O0OOOOO
ogogoood
w—0 as p—0 (44)

(u, v, w) =0, at p=ps (45)
O000w=dz/dt 00000 (45)000000000000000O00O00O0O0OO
000000000 4)00000000000000ODO0O0O00OoO0OOOO
goog
oo ouoboououoooooon
O000000O0oOo (26)0c00oooon

o ( p* 0¢
R R — 4
5 (PyR ap)+w 0 (46)

00000 (460000000000 @4)000000 (370000000

dGp, (p)

i —0 as p—0 (47)

O0000000000000000000000O 4500

d¢’ ¢’ o¢’
quw = d¢ = [ 8¢ ~|—V-qu§’+cua¢ =0 (48)
tP:ps t p pP=Ps
gdooooouooood (5)DDDDDDDDDD (6)DDDDDDD
d¢’ RT;
d;b - —0 (49)
tp:ps ps

000 (0000 7,00000 PO0000O0)00000 46)00 (49000
0wOOOOOO (370000000

dG,(p) v B B
i + T Gm(p) =0 at p=p, (50)

gogbbobooogbobbodo

0000000000000 (42)0 Sturm-Liowville 0000000000000
0000000000000000 (Galerkin method) 00000000000
0 Tanaka, 19850 00000000000 Kasahara (1984) 0000000000
0((23)000000000000 yOODODOOOODOOOOOOOO0O0O1978
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012000 19790 11000000 10 GARP (Global Atmospheric Research
Program) OO0 OO (First GARP Global Experiment, FGGE) 00000000
00000000000 (Tanaka and Kung, 1989)0

oooooo00 42)0ombbO0O00O0O000OO0O0ODDOD A, ODODODOO
Gn(p) DODDDOODODODODOODODOOOOOOO

< Gulp), Gulp) >= o (P)Cn(p) dp = Gy (51)

oooooom,n000000O0OO0OOODODOO b, DODODODODOO
ud p, oo ooooonogd

oooooooooOO0OO0 Gu(p) DOODODODODODODODOOOOOOUOO pOOO
000 f(p) DOODDOOOOOOOO (vertical transform) 0000000000

M) = 3 fuGulp) (52)
m=0
= JoGo(p) + fLGi(p) + -+ + fGm(p) + -
oooo f, 00 mOOOOODOODOOOOODODOOO
gog Gm(p)DDDDD pOOO0O0O000O p, OODOOOOODO

/0 " 0)Gonlp) dp = / " aColp)Cn(p) + LGA(D)Con(p) +

oot G (p)Gm(p) + -+ )dp  (53)

1 Ps 1 Ps
o ) TG = - / Gnlp)Ginlp) (54)
1
oo
1 Ps
fm=— f(p)Gm(p) dp (55)
ps 0
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goooooooboo vooooogoo

U = | v 0 UDO6, \ptO00 (56)
(b/
U (751 Um,

= vo |Golp)+ | v |Gilp)+-+ | v | Gu(p)+--- (57)

0 1 m
0o Um,
"\ g
= > U,Gulp) 0O U,00,At000 (59)
m=0

ggbbobuooooboboooon

1 Ds
Uy =< U, Gulp) >= - [ UG (o) dp (60)
s JO

00000 mOO0OO0OOOO (vertical mode number) 000000

Um>10 000000000000 ... 0dmO0000ooogdd m
gbooooo

UOm=00 D0O0OOO0OO0OO0OODOOOO ... 000000o000bo0on
goooobooooon
gbobobouoogon

O000000000 S-ModelDODOODODODODODODODOODODODODODOD
m=00000000000000000000DOL0O0O0O0O0OOOOO0O0O0O0
goobooobooboboobobooboobuooboboobo oo 1
O GARPOODOOO Ry=9728dm 00 0O0OOCOODO
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423 000000

00000000000000000000000000000000000
00000 hyOOODODOO0O00000000000000000000 mOO
00000000000000000000 (39)0(40)000 (43)0000000

ouU,,
M, ——+LU,, =0 61
5 (61)
goooooodgo
10 0 U,
M,=]01 0 U,=1| v, (62)
O O 1 /

ghm m
goon

goooodoob v, bobooobooboboboboobuoobooboobo
oooonD X,0Y, 000000

00 20/ 0 0
X = 0 gh,, O Y, = 0 20v/gh,, O (63)
0 0 ghy, 0 0 20

00000000 (6)ooooooo

(Y3 ML X M (X510, + (Y LX) (KU, =0 (60
ooood
) 1 00
Y, 'M, X, = —— 65
m 50 010 (65)
0 01

000000000 r(=2) 000000000

0
57 (X Un) + (Y, LX) (X, Up) = 0 (66)
.
oaoo
0((66)000000000000000000000O00O00O0O0O0000
goddddgoooooooddaooooooooooddgodooddaoo

0ooo H,, 00000000 H,;,, 000 m00000000000000
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0000000000000 00000000 nOODOO0O (zanal wave number)
000000 (meridional wave number) 0000000 (66)00 Hy,, 000
o000 nmO0000000O0O0DODO0O0 o, DO0ODO0OOOOODOOOO
goooooooo

Kasahara and Puri (1981) 000000 (66)00 U,, 00 Hy,, 000000
0000000000000000000000000000000000

U, (A, 0, 7) = X Hpum (A, 0)exp(—io,mT) (67)

O00000oooooo(ee)00ooooon

g}[X;%mehmﬁmx—meT»}+OﬁfLmeX;%XmEhmﬁmx—wmmT»)=0

O —ionmHum(\, 0) + (Y ' LX) Hyum (N, 6) =0 (68)
0000000000 Hye(\ ¢ O0O0DODODODOO0OO0O0O0O00000000

©,,000000000000000 exp(éinA) DO0ODOO0DOODODOOCOOO
gobooogd

H.m(A, 0) = O,,(0) exp(in)) (69)
Unim (0)

= —iVum(0) | exp(in)) (70)
Znim (0)

000000 H,,, 000000000000
1 5 2
o / / Hnlm . H:(l’l’m COSQd)\dH = 5717"/51[’ (71)
T J_= Jo

goooooOOoOoOOOOOOOO0U00OUOOd em O WlmODOOOOOO
O00000000000000000000000 (Fourier-Hough transform) O
goooo

OmO0000000000000000000000000000 W, 0, 1)
goooo

m(A, 0, T) Z Z Wi (T)Hpim (A, 0) (72)

=0 n=—00

gobboouoooobbbodd wyyy U0DO0OOUOOOO0OODOOO0OO0
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0(72)0000 H,

nlm

()\,Q)DDDDDDDDDDDDDD
1 % 2
(Wi, o) = 5 / / (W, - HY, ) cos 0 dAdf (73)
T _% 0
gogdogogogno
1 % 2
Wi (T) = 2—/ / W..(A, 0, 7)-Hy,. (A, ) cos @ dA\df (74)
T _% 0

gogbobobodoodn
O(6)00000000000000oooon

d
Wnim (7—) + Z'O-anUJnZ’m(7—) =0 (75)
dr

goon
gbobogoboobodd oy UOODO0OODOOOO 2000000000
gobbobuoooobbbooooobbboooboboboooon
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424 30000000000000

000000000000 Gu(p) 0000000 Huyw(A, A)O0OODOOO0O00O
0000000000000000000300000000000 Mun(A, 6, p)
000003000000000000000000000000000 (30)0 3
0000000000000

ILum(X 6, p) 00 Gon(p) 0 Hyw(N, ) 00O000000000000

Hnlm()‘a 97 p) = Gm(p)Hnlm(Av 6) (76>
= Gu(p)Onm(0) exp(in)) (77)

gd3tudoooooobobboobbbouoooooooobboobboougo
00000000000 (Tanaka and Sun, 1990) O

1 Ps z 2m
o J-zJo

27ps
= 5nn’5ll’6mm’ (79>

0030000000000000000000000000 (30)000000
00 U,FOOOOOODOOOOOOOOO0O00O00O0OO (Tanaka and Kung,
1989) O

U()\, 0, p, 7') = Z Z Z wnlm(T)XmHnlm()‘a 0, p) (80)
F(>\, 0; D, T) = Z Z Z fnlm(T)YmHnlm<>‘7 07 p) (81)

0000 wum(7), fum(r) 00000000000000 UODOOOOOOOO
00 FOOOOOOOOOD30O0OO0OOO0O0O000O0000000000 70
00000000000 eém 00000000 nO00O000 (00000 mO
0000000000000 N, L, MOO0O0O00000

0 (30)0 Hu,(X 6,p) 00000000

<M%§+LU—N—Engm>:o (82)

gaon
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000000 (80), 8)OoOooooooooo

<M%—? +LU-N-F, lenn,m>

= <M8—U, lennlm> + <LU> Yrjzll—‘["lm>

ot
— (N, Y, 'My) — (F, Y, Ty ) =0 (83)
oooo
d K K
Ewnlm + 10 mWpim = —1 ;/ NIZ ) Tndmn/U'm/n! 1" m! Wy [1an W11 —+ fnlm
ogooo
oooo
nlm — 1
n'l'm — j
n'U'm’ —  k
ogoodo

K K
d . . .
Ewi +iow; = —1i ]E:1 k§:1 riggwjwg + fi, 1=1,2,3, ..., K (84)

ggbobobooodn
gogobobbobbodooooboboobboooooooobobboago

gogbboobuogoboboboooobobuooooboo

0000 () 000000o0ooo0o0ooooooooo

(

K 0 000 (=@N+1)(L+1)(M+1))

o; U O00obbobOboogoobobooooobobbuooooobooboobo
(66) 000000000000 D0ODOO00DOO0OO0OODOODOODO
gobbodad

riye O 0000O0- 00000 (wave-wave interaction) 000 O0000-
00000 (zonal-wave interaction) 00000000000 (in-
teraction coefficients) 0 0 0 0000000000000 OO0OO

\ goooogoogogd

0000000000000 000000000000 Gu(p)DOOOODOO
o0ooo0o0oooooooo0U00 Hye(\, ) ODDODODODODODODODOODO
000000000000000 () 0000oooooo
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4.3 UO0O0OO0OOO0oOOO

000000000000 00000 (Tanaka, 1991) 0000000 O0O0OO
0000000000000 000000000DO (40000 Doooooo
000 30)000000 m=00300000000000000000000O
gobood

ou
<M?{+LU—N—EY?HM>:O (85)

ggbobobooogobobodad

K K

-%wﬁ%mm:%ijzywww+ﬁ,i:LZ&”wK (86)
j=1 k=1

00000000 KOOOOOOOOOOO00000000000000000
O0n=01,...,200000000 1=24,...,200000000000)0
00000000000000
0(85)00000000000000000000000000 G, 0000
000000000000000000000 NO « 00000000000
000 FOOOOODOOOOOO0OO0OOO0O0000 FOOOOOOOOOOOO0O
00000000000 (85000000000

ou ) 1 0¢ tan ¢
B —20sinf v+ o3 B =-V . -Vu+ - uv + F, (87)
v ) 1 0¢ tan ¢
N —|—2§251n0~u—|—589 =-V.-Vuv-— " uu + F, (88)
99’ /
5 = -V V¢ — ghyV -V + F, (89)

googobbbobbotouoooooooboobboobbooouoooooo
0000000000000 00000O00OD00O00O (87),(88),(89)0ooooOO
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4.4 [0O0O S-Model

000000 8 DODODO0D0D0D0D0D0D0D0D0D0D0D0000N0OD w;, 00000
ooooobooooooooo0ooooooobOooooD ,Ob000bDOb00O0
O0bD00obooooobog S-ModelDODODOODODOODOOOOODOOODO
ooooooooboooon /00000 w, O0OO0oDO0bOobooonbog

fi=fi+ Ayw; + Bjw! +¢ (90)

0000 f;0 £000000000000000000D0000O000000
0000000 g 0O000000000000000000000 A, B;; 0O
gbgoboobobbobbooboobooboobo

oobooooboogno A BO

K

A = Ap+iA; w = wWg+ 1wy (91)
B = DBgr+1iB; w* = wpr—itwy

000000000000 R(Real) DO OO0 I(Imaginary) 000000000
o0 ff0 ;0000000000

['=Aw+ Bw +¢ (92)
000000 (92)(91)00

f = Aw+ Buw* +e¢
= (AR+iAI)(wR—|—iwI)+(BR+iBI)(wR—iwI)+eR+ieI

= Apwg — Ajwr + Brwg + Brwy + iArwg + iBrwg — iBpwy + €p + t€g

R _ Ap+ Br —Ar+ B WR N €R
1 N Ar+Br Agp— Bg wy €1
(o) o)) ®

Ar+Br=a A;+Br=»
—A]—I—B[:C AR—BR:d

gogg

gobbooood
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ooogao
Ag=(a+d)/2 Ar=(b—c)/2
Bp=(a—d)/2 By=(b+c)/2

oooO0o(9)0oooooooooooooggooooooooooooog,
gobobooogd

o Ce) =Gt ) ()

gogbobobooodn

T T !

a c 0 fr WR WR WR
b d fi w; \ wr w;
go0oooooooooooooboooooosoonoooooooonon

00 S-Model 0000000 Tanaka and Nohara (2001) D00 000000
gbbobooboooboobbooboboobooboboobboosgboon
gogobbbbbbuooogbobbbbbouooooobbobboboago
gogbobobooogooboobodgo

goobbobbooogooobboobbbouoooobobobobboogd
gbobooobobobooobobobooobDoobuobuobOon B-Model O
ooooooooobobobbobobboooooobooooooo0 ;00000
00000 (OO0 2009M

gbooboobobobobooboobd
( (BC),w; 0 DOOOO

ooboobooobo 00000 wOO0DOOODOOODOOOODOOODOD
ooooboooooobbwbhOoOD 000000000000 w0000
gbobodgbbbbodboooboouoobobuoobbuoobb v, 0gboo
goooodg
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4.5 JRA-550 NCEP/ NCAROODOOOODOD

0000000000000000000 NCEP/ NCAROOOOOOOO
JRA-55000000000000000000000000000000000
000000000000000000000JRA-550 NCEP/ NCAROOOO
0000000000000000000000000000000

000000000000000000000000000000JRA-5500
00 NCEP/ NCAROOOOOOOODOODO0O0000000OJRA-550 NCEP/
NCAROOOOOOOOOOOOO0O0O0O0O0NCEP/ NCAROOODOOOOOO
OD00000JRA-000000000000000000

000000000000000000000000000000 30hPad200hPal]
500hPal 850hPa 0 0 O O

00000000000000000000000000000090°0000
00°0 1000hPa0 0 10hPa0 0000000000000 000

00000000000000000000000 1200020 (DJF)OOO
0300050 (MAM)OOOO 600080 (JJA)DOOD 9000 110 (SON)
000000000300000000000000000000000000
0000000000000000000000S-ModelDOOODOOO000O0O
00000000000000000000000
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4.6 O0OOUO4O4Oo
4.6.1 0000000 (Anomaly Correlation)

0000000000000 0D0D0O000O00DO0O0OO0oOOo0n (Anomaly
Correlation) 000000000000 O0OOODOOOOOOOOOOOOOOOO
goboooogd

(Zp - Zc)z : (Za - Zc)z

AC = — (95)
\/(ZP—ZC)?-(ZQ—ZC)?
gooo
Zy goooooooo
Zq godooooooo
Z. ooooooooo

goboboogooobooo

—~
~—

gogoododooooog -1ob1bbobbbobbobooooooooooo
oebbodobuogobboobbuoobbooobboobbobbooobD
gboobboboobobgoooooobobobobosbobobOonDOn
gbobogbugboboodgboobboobbuoobooobbuoobboo
ggbboobuogobbobooooboo

4.6.2 0O0O0O0O020000

OO0 S-ModelDODOODOODOODOODOODOODODODODODODODOD
OO000O00DOOo00o0O00DOOoO0oDbOObObOOO0bO0OODn S-ModelOODOOO
Uboogbuooboobg19’on 10 270 002020000 10 120 1270 2006 U
10 160 122020100 7O 9g ooz OooooboOoOoboOoobooOobDboOoOon
goobobbobbouoooooobobboobboouoooobbobboogo
gooobgo2007h 20 190 1220000
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4.6.3 201000000000

O00000000000000000JRA-550 NCEP/ NCAROODDOOOODO
gogobbbbbobuooooobobbbbouooooobbobboago
gbboobuogobobbobodboobboobobooobbooobooo
gogo201000 1030507080100 1200 0000000 100031000
gogooocZzOooboboooobuobooob2o0b0obobooboboobo 3
gboboboooobobobobooboboboboooobobobon
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5 U0

5.1 JRA-550 NCEP/ NCAROOOOOOOOO

01000 1400000000000000JRA-550 NCEP/ NCAROODO
OO000000O000OO0DOOoODoOoOJrRASOOOOOOOOODODOOOJRA-55
0000 NCEP/NCAROUOOOOOUOOOODODDDOODUOOODOODDOOOOOO
0000000000000 JRAOODOODODOOODO NCEP/ NCAROOODO
O0b0oO00obO0o0bbOOoobOOoobbobboOOoooOog JrRA-SSOODODOOODOO
0O NCEP/ NCAROOOOODOOOOOODOOOODOOOODODDOOODOOOODOO
gogbbobuoooobbbuooo1l1gbbboooobo

O100040000030hPab 0000000 DO0OO0ODOOODOOODOOOD
O000000JRA-5000000 NCEP/ NCAROOOOOODOODODOOOOO
O000000O0bO0DO0b0obOobOobDJRASOODDODODODODOOOO
g3booooooooooboboboobbdooooobboobboooogd
gbooboooboobboobboob44b00b0b0O0DbO0ObbOo0bbOn
goggobbbbbodoooooobbbbooooogobbobobboago
ggbobuoooobbboooobbboooooo

Os5000800000200hPa0 000000000 0ODOODOOOJRA-550
NCEP/NCAROUOOOOUOODOOODODOOOOODOOOODOO0OOO 12000m O
gbgobgobobbooboobsomboobon

09000 1200000500hPa0 00000000 DOODOOOOODOOODO
0000000000000 0000000DO0O0OoOoogog JRA-B50 NCEP/
NCARODOOOODOOODOOOODOoOoooo

O 13000 160000080hPa00O0OD0OO0OOOODOODLOOOOODOO
OO0 1omO000000000000D000 20mO000000JRA-SODOOO
ggobbbobbtouoooooobbbbbouoooooobbobbbodago
ggboobouooobooo

0170003100000000000KMO000m/st0D0000m/sO00
O0O0O0JRA-550 NCEP/ NCAROOUOOOOOOOODOOODDOOOOOOO
O00000O0O0O0ODO0O0O0O0O0OO0OO0OO NCEP/ NCARODDDOOO JRA-B5000
gogoobboobobbooooooobbbbooooooobobobboogd
gbooboobobboboobooboobooboboboboobg
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0170003100000000000JRA-550 NCEP/ NCARODODOODO
gogobobbobbboooooooobbobboooooooobbobboogd
goooboobobobooobog2ohPab000O00OO0OO0OOOODOD2KO0O0
20hPa000000O00O0DOOOBKDOODOOODLODOOOODOODOODO
0000000000000 000 4m/sO000000000000O0OOO0O0O0O
00000000oooooooO0OdOoo04m/sO00ODOO

gogobbbobbodogoooooboobbouuoooooboboogd
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0000000000000000000000000 JRA-550 NCEP/ NCAR
gobbobuoooobbooooboboboood

gbbogbuogoobuogbobooboobbooobbouoobuooboo
gbogogbuoobobuogoobuogboobobobuoobobobobooa
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5.2 U0 20000

gO00000o0O0ooOOobOOobOOobOobOobobobobooooooobooo S
ModelDODOOODOODOOO

5.2.1 19890 20600000000 (0ODO)
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