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O0000,0000000000D0D000C0CC0C00000 (Dennou-Club Plane-
tary Atmospheric Model) D000 0O0 5000 depamb 00000000000
gboboboooobobobooogbn.

O2000,0000000000000000000000O0O0O0OODOODO.
g3dbb,gggbobobodg,gbbbuogobbobuooooboboood
OOboobo.0gb0oboooooooobooogbobbddepamb OO0
Ooo00oOooot'oo0oooooooooo.

gboogbobuodgbbogboogbbuoobooobog,boobobuoobbod
oboobooboobgon.

thttp:/ /www.gfd-dennou.org/library /dcpam /dcpamb /depam5_current /doc /basic_equations /htm /basic_equations.ht
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20 Uoodbtd

21 oooooboogn

gobooboboooboboobobooobob. bbooobob Takehiro et al.
(2006) 00, 0000000000DOOCOO00ODOOOOODOOOOODODOOO
gooo.

2.1.1 00000

gbgobobooboobuoobgobo.
(COO0OOoOoboooo)_(mooooH)@mooooo)

gobbboooobbbooooooboood.
(oooo)@ooooa)

gboboboooboobobo (hoboboo)obobooo.oobobobooo
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213 000000

obooboboboboobobob.oboboooooboboob AD, D
gboogbobuoooobbod s, buogobuobuobbodb sgbog.

e A: 00 t+ At (After)
e N:0OO ¢t (Now)

e B: 00O t— At (Before)

214 00000

gbboboogobbobooodoon.

e JUUUOUOODODODODO.

e 0D DOUOOUOO. ODLDO,bDDLDLOOUOO0OO0O0ODLDDODLDOOOOOOOd
0000000O0o00oooooooot

215 0000

obobooboobgooboon.
o 100 0O0ODOOODOODOO

— x.Lon goooo

— y-Lon :gooog

— zSigma :00oc 000 (DOOODO)
— rSigma :00c 000 (DOODODODO)

e 300D UOOO,DOUOO0OODLDDDOU

— xyz_TempN: 7'(¢): 00 OO0 300 (0O0OOODOO)000O (¢)

00000000000 0000000000000
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— xyrUA : w(t+A¢): D000 OO0 300000 (DOODOO

0o)
— wzVorB : ((t—At): 00 00000000 (000O0O000)
%,
— w.DPiDtN : 8—:(t):DDDDD r=hp, 0000000000000

22 UO0UOooobobogotbod

g2l UU g
Ooo00.0b0bobo0ooboooobDoboobobO.depamb00onoon
goboooobooobbtbodddoooooooooo,bbbooooog. o,
gbboboooobooooo,bbobuoooboooboobobooboboo
gobobod.goboogboog,bbboggobobuooobbooobobod
gbogbbogbuodgboobbdobobbodobo.obbobobuooboo
goboboogoobobod.

gobobbobobobooooooobbobbbuooooooobbobboogog
g.bbogbbuooobbodobbuoobbooob.ooobboobboo
gboboooooboobo. gob,ogobbuoogbbooobbbooobboo
gbogo,gbobobboboobooboobooboobobboobon.

gbbodbbooboboooooboooobobbuoobboobboo,oo
O000000000. 000 At=100000,0000 ¢t=90(t— At),100(t)
O00000¢t=110t+At) 000000000, 00 ¢t=11000000000
O00000000,0000000 (0210 TimeFilter) 000000 3000
0000 ¢=1000000000.00000000,t=100(t—At),110(¢t) 00O
gob,oogoobobuoooobbboogal.

gogbobbbobbbouooooobbbbbuouooooobbbboooao
gb.boggbboboogobbooobbuooobbooob,ogobboo
gobbbbodod. bbb, goooobb,bbuooooobbbbbdado
gobobooogd.

23 UO0O0OO

Takehiro, S., Odaka, M., Ishioka, K., Ishiwatari, M., Hayashi, Y.-Y., 2006: SP-
MODEL: A Series of Hierarchical Spectral Models for Geophyiscal Fluid Dy-

2011/02/25(000000000O) code’description.tex(general /gen-references.tex)
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R O W E
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T REEE
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B ERGRE
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AN
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JERE R E
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YRZ—hT 7 AV NS
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———

HistoryFileopen
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dcpam_main A N—F ‘

AV}
TimeFilter
7 22—

RestartFileoutPut
')7<§’~—]\77»f/1/|' 4|

EANZ7A A
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TimesetProgress
w i) D BT

RestartFileClose
e VS
———

HistoryFileClose

j . EAN T 7 AN yn=2Z
MainTerminate
T B Sy :
TimesetClose

IO T AL

H%ALER
(A5, etc)

L

O21L:depamb 000000, OODOODOOODDODOODOO0OOOOOOOOO0O
0000 depammain (depammain.F90) 0O O O00OO0OCODOOO0O0OOOODODO.
000ooooooooooooooooooooooo,oooooooooon
J0o0odoog. MainInit 000 MainTerminate 00O 000000000000
ddddddoooddodoooooooodoooo. oo, 0ggogo
oo, oo, g gdUug g
0ddddddd.ddddddddddddoo, 000U UgUog o
0000000 MainInit OO MainTerminateO OO, 0 00O0O0OO0OO0O0O.
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namics, Nagare Multimedia 2006, http://www.nagare.or.jp/mm/2006 /spmodel/
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U340 oo

3.1 Uoouood

goooboboboboobbbobobododododoooooo. oo ooood
gbbbuoodgbbbuooobobobuoooo,buooobbbag,bbbuod
good.gbbugobogobbobbuoooboboob.booboboood
gbogobuodgbbogboob,gobuogobbodboobbuoobbod
uo.

gooboboboboobbbooodoogg. bbbobooodoooooooood
gbbboodobbb,oobbbodoodobbbuoodob,booobbbood
gbobogobbogdobbo.gob,ggobbooobboogbbood
gbooog.

3.2 0U0OO0O Dynamics OO

03100 3300000000000 bynamics UUOUOOOO. DOODOOO
oddgoooouoooobbb. pynamics UOOOOOODODOODOOOO
oobooooboobobod. gobboooobbooo,ooobobooooon
Dynamics UU U UOUOUOUOUOUOUOOOODOOOODODODOOOOOOOO. Oood
gbboboood,bbddd dynamics hsplvas83 DU O UUOODODOOOON
0. DynamicsInit 0 U0 SemiImplMatrix O U ODODOUOOOOOOOOOOO
ooboboboboooooobo,obobobobooooobobobon
goooboogob,dbibd pynamics UODODOOODDODOOODOOOODOOO
oboobooboooboobg.

Dynamics 0 0 00000 NonLinearOnGrid DO OO0 ODOOOOOO (NG)OO
O0000. TimeIntegration 00000000 DOOODODO (3.3.1000)00
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U. 000200 dynamics UOUOOOOOOOONO.

NonLinearOnGrid DU D UOOOODOOD0OOOODOODODOOODLOODOOODO
U. SemiImplMatrix UUOUOOODOOOOO0OO0ODODODOO. TimeIntegration U U
gboboobobooboboobob.obb,bobo0bobboobon
000000000000 00, Dynamics 000000000 (DiagOutput) O
U0. DiagOutput OO OO DO0OOOO0O, 0000000000000, 0
gbooogooon.

3.3 Ub0Uuobououooouoogt

:0bogoboboogooboobo,gbbboogobooobobobuooobbod
goo.

3.3.1 UUOUoooouooboouogd

gobobooobobdooobo,goobboooobbooooobobog 3.5
OooooboooooDboo. oo t—-At00t+At0OD000DODOOOOO
goboboooobbobooooooo.

1. 000 POOOODOOOOOOODOODOOOOO,
Mt Dl = (3.1)

gobo.ood
goo.

—mt
2. D, 000+¢+0000000000000 (NG)OOODODOOO t+At0
ogoooog.

gobobooboooono 33.20000.

2011/02/25(000000000O) code’description.tex(dynamics/dyn-semiimp.tex)
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u,v,T,q,p, (at t—At, ¢

)
phy phy phy phy
Qul™ (Qv )y (O (04 (4 4
ot ot ot t

z

s

KE,UT', VT ', Uqg, Vg,

— Dynamics -
BBl D F DynamicsInit
NZIN
%Eg}fﬁé SemiImpIMatrix
=
O_> p.v (at l)
<«—O10m 1-yom
adl’ a Ou (at 1)
O—>» u,v (at t)
-+-—0 C,D (at t)
u,v,¢,D,T,q,
10 1—;12 o (at 1)
HBIEHED | |5 padd’ a ou
L NonLinearonGrid
<«—O U, V, H,R,
KE,UT',VT' Uqg, Vg,
o,Z (at 1)
UA; VA)H)R:

Hd,Z (at ¢)

-0 g NG @ NG
ot "\ot ’
B 87‘ NG aq NG aﬁ' NG
o) G ) e
[ AT MUE ]

ARFEY 2— LD
*)J/E;MK%::/?
*NAMELIST 1A 7
ST A DR
"B AN T —Z RO
BT ANTA—=LZDFIR

LA T Y
AT

MEFEB O

R blTo
FERIE ) DR

AN VIR 25 IE
D

0 3.1: 0000 Dbynamics UL O 1. 0DOOOOOODOODODODOOOOOOO0O,
Dynamics UUUOUOOOODDODOUOOOO0OO0OOOD. oO0O0,000000000
gooooodogon. oooodooouooono, oooogogood
Dynamics U O U UOOODODUOOOODODOOOODOOODDODOOOD. ODO0OO0
Dynamics 00000000000 0,0000 (DynamicsInit, SemiImplMatrix)
0000000000 (NonLinearOnGrid) D0 D ODDODDOODOODOOOOOOO
godouoodoboouoooouooooonoo. boouoooogd

goo320000000.

code’description.tex(dynamics/dyn-semiimp.tex)
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030 gooo
Oo—» Z HITBORs 1 15 Ml %
-—0 & AT IARIZ
[A~TVAE]
u,v,T,q, p,
o—» (at 1-41) (1= A1) oks 7 fin
-+-—O i [) T,g,1 AN MVAE A~
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AUE .
%«fy 1\1/[37%%\ (AT V]
[Xi\OZ(]}\}I/,fg:I NG ~ \NG NG
oz\" (2D " (aT\™ (22}
ot “\ot "\ot "\ ot
(R E ]
ou phy ov phy orT phy aq phy
— (= ,|= .= (at t)
ot ot ot ot
Oo—» P EEFRO R LTEHO
-0 & RUEZ AT A~

a_i NG @ NG @ NG a_q NG
(az) ’(at ) ’(az ) ’(az (at 1)

[ART U]

0 3.2: 0000 Dbynamics UUD 2. U 3.1000000. 0000O0O0OO0ODOO0O
100boob.obgoooboboboobobobog,bobobob,ob

Ub0b0Dbu00bbibUd TimeIntegration U O UOUOO. DODOOOO0OODOOO
gbg33g0bo0oog.

2011/02/25(000000000O) code’description.tex(dynamics/dyn-semiimp.tex)
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[AAT MU ]
C,.D,T,q,7 (at t—A?)

@NG @ NG Q NG a—q NG (’9_77( NG
(at ) ’(at ) \ot ) "\or ] “\ot (at 1)

. P, NN
TIfr Ty O 0 TimeIntegration EE‘F%;/Z”‘/"F
Sk ey <«—O ¢,D,T,q,7 R
(at 1+Aft)
[ARTMVAE]
[AZ MU
¢,D,T,3,7
. At)
2 ghuf | o—e (At 1F AL e
~ E
NOAE T RfE~ | 4—O u,v,T,q,p, %%%)ﬁ)ﬁ@z\ 7P
(at 1+A?)
[AT I AR]
C,D (at t+A¢)
CR& - R
o— T (at t+A¢) i
5 e JEE BN IE
PRI <“—O 7T (at t+A1)

u,v,T,q,p,,0,Z

O—p lat 1
H ( ) Diagoutput AN T —4

Iu,v,T,q,pS (at t+Af?)

0 3.3: 0000 Dynamics U0 DO 3. U 32000000. 0000000000
1000og. obgobgoooboboobobbobbo,bobooboboobn,
OOooobobooboo,0b00 t+At0boooooooobobooog.

code’description.tex(dynamics/dyn-semiimp.tex) 2011/02/25(00000000O0)
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3.3.2 UO0OO0OO0OO0O0OOOOOOOO0OO0

33100000000, b00bo0o00boobbog20bb00b00bn
gb.d0boooboobooboobgoon.

~_mt
e 0100: D, DODO
(31)000000100000. 000000000000000000000
00 350000,000000000000000000,00000000
DOOooO,
(Dn ’ +D, ) (3.2)
0DO00.00 M. O

07 = (1 - 2Dy ) (1 — 280Dy,

a

— (A0 {W b+ (1 - 241D, )GC" ) (_M) (3.3)

~ m~\ NG
—m - - my e mi— - D
Fui = (1= 20Df ) (L Aty ) D) + (1 - 21D}, ) At (‘9 = )

—At-ﬂﬁliﬂ- 1 —2AtD7 D
( ) {( n B,

a?

ot

~m~\ NG
+O—2Aiﬁ&G[ﬂ”AuﬁM(i¥> ]}

~m\ NG
o mae T
4@1(1—Aﬂ$HTgtm+AtC?")

(3.4)

goo.

M'0000000 SemiImplMatrix 00000, LUDODOO. M, 0000
D000000000000000000000. f, 0000 (3.1)00000
udddil TimeIntegration U UOONI.

e 12000000 ,
UO0D00ODO TimelIntegrationUUODO. O 1000 D:? gobobobooooon

2011/02/25(000000000O) code’description.tex(dynamics/dyn-semiimp.tex)
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gbobobooodgo:

~ mt+At = mt ~ mt—At

D =2D, —D

n n n

(3.5)

—mt
O0oooo0ooo0ooOo, Db, OO0 to0oOoOoOoOoOoOooooooo (NG OO
O,.++At0000000:

- - oxX™ 5 =t
XA = (,) 7T AT 4 24 ( at”) +G% Dy | ¢ (36)
ooo,
X = 7 ¢, T, ar,
~m~\ NG ~ m\ NG

oxXm o (aFm\ "¢ ac, T agm\ "¢
ot ot ’ ot ’ ot ’ ot ’
Von = 1, (I-2AtDy), (I—-2AtDy), (1—2AtDM),
~I\’n,n = _CT7 Q7 _hv Q

(3.7)

gboobog,0bobuoggobbobuoogobbboooobobod.

34 0UO0OOOOO

godd,bbbbbbboodddoooooooouoouoon. ooood
OxyzuOOOOODOOODOODOOOO, 00000000000 3100000060
go.

3.5 JO00O0O0ODOOO(UOUODODO NonLinearOnGrid)

3.5.1 NonLinearOnGrid U [0 U O

NonLinearOnGrid U U O U UUOUUOUO, D00OO0OOOUOOO0O0OO0O0O0OO0O0O00O0O0
O00. 00000000000 SPMODEL 00000 (Takehiro et al., 2006)

code’description.tex(dynamics/dyn-nongrav.tex) 2011/02/25(00000000O0)
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g 0]
0000000000000 00 (D000oO0oOo0 | xyzu®
O000)00oOoO
gboobooboo O
000000000000 00000,0(@)0000 | xyzu
O(@)0D0ooooooo

ooooooooooooon xyz_U
goooooooon U
0000000000000000000000000 | xyz_u®
good

0o z_Sigma
0o w_Lapla_w

03l gbogboobboobobooboobboboo.oboboboobon
oooooo,bobobobobobobobo.0boboboobob,bon
ooo0,00bobob00oooboobooboooboobD,boooooboobobn
U0 DynamicsInit U SemiImplMatrix OO OUOO0OOODOOOOOO.

2011/02/25(000000000O) code’description.tex(dynamics/dyn-nongrav.tex)
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000000000000.00000000000000000 ¢+00000,
000000 ()00000000.00,00,0000000 4,4,k0000
oooo.

xy_PsN
1 9(In"p,")
(Vm), T (3.8)
e ~N Y——
xy-GradLambdaPiN RPlanet xy GradLambda w( w.xy( ... ) )
xy_PsN
1 2,0(In "p,)
(vm), = = (-t (39
S—— . Q“,./ N H _
xy_GradMuPiN RPlanet Xy_ GradMu w(wxy( ... ))
xyz_VN xyz_UN
SN ~~
1 1 0V o U
¢ = - - = (3.10)
—~— a 1—p2 N o
xyzVorN®  ppiinet A — o
wa_DivLambda_xya( ... ) wa_DivMu_xya( ... )
xya,w‘a,( )
xyz_UN xyz_VN
= PN
1 1 0 U oV
D = - + - (3.11)
~~ a 1— /ﬂ SO\ o
xyz,VorN. S~~~ ——— ——

RPlanet wa_DivLambda_xya( ... ) wa_DivMu_xya( ... )

[\

'

xya_wa( ... )

3.5.2 NonLinearOnGrid U [0 U O

000000 NonLinearOnGridO OO ODOOO Ux,Va, H,R,KE, UT",VT', Uq, Vy,
,Z000000000.0000000 ¢()OODO,0000000 4,000
ooooo.

gbobbuoooobbooodobbon

x Xyz-PiAdv (3.13) O

—
Z = — Z Vg Vr AO’k (312)
xy,DPiDtN. k=1 z_ DeIS|gma

N

xyz,PiAa:ISumkzl

code’description.tex(dynamics/dyn-nongrav.tex) 2011/02/25(00000000O0)
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noo,
xy_GradLambdaPiN xy_GradMuPiN
xyz_UCosLatN —_— xyz_VCosLatN  —AN—nun
= 1 10n ~~ 1 (1—p?)orm
vp-Vr = Uy ——— + Vi 5 —. (3.13)
~—— 1— 42 adA 1— pu a Ou
xyz_PiAdv ~~ ~~—~
xy_SinLat**2 xy_SinLat**2
oo,d0doooooooooooon
xyz_.UAdvN® xy_Cori xyr_SigDotN (3.19) 0D
T =G5 W W -
= — (03 —
Al 1 1 5 Ao 3/2 1 2
xy_VorN xyz_VCosLatN (3.18) 00O —~ xyz_UCosLatN (3.17) O
z_DelSigma
xy_GradLambdaPiN
z_TInpCoefK (3.22) 0T ,./5\
- 107
-C, R Ty, Y +F )k COS @,
CpDry  xyz_TempVirEdd (3.20) 0O
1 . .
Unp = (Ce+ f)Vi — A, [0r—1/2(Uk—1 — Ux) + hy1/2(Ux — Ugyr)]
k
CpriT) 1. 0
$6§+]{\kcosg@, (k=2,--- ,K—1)
C /‘QKT k or
Ups e = Vi — i—12(Ug_y — Ug) — — 222 L F
A = (Cx + [)Vk 580 K 12(Uk-1 — Uk) PR + F Kk COS @,
. xy_GradMuPiN (3.14)
xyz_VAdvN 8
PN . X m
VA71 = —(C1+f)U1 - 2A0103/2(V1 —V2) _Cp'l{quﬁ o ,1 COS 0,
Vag=—(C+ f)Ur — 370, [Or—172(Vee1 = Vi) + Grr1y2(Ve — Vi)
. w? (97?
— Cpiin Ty, —8u+f 1k COS (k=2,--- ,K—1)
.
Vax ==k + f)Uk — Aox orx-1/2(Vk-1 — Vk)
. 2 87T
- pK/KT47K - %4—}" K COS @,
(3.15)

K XYz TempV|r (3.21) O

ZWm vl — Tl) (3.16)

_ xyz TempN

(.

K
U + V2
(KE)p + Y Wu(Toy—T) = ’“ ’“

=1

.v [ ]
xyz_KinEngyN HydroGrid 0000 Wy 0000

2011/02/25(000000000O) code’description.tex(dynamics/dyn-nongrav.tex)
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ooaa,
xyz_UN
Uk = Tup > cosy, (3.17)
~—~ ——
xyz_UCosLatN xy_CosLat
xyz_VN
Vi = “up " cosg, (3.18)
~— ——
xyz_VCosLatN xy_CoslLat
xyz_PiAdvSumj_; xyz_PiAdvSumg_;
rSigma K K l K K T
dk:—l/Q = Ok-1/2 ZDkAo'k +Z’Uk -VrlAoy| — ZD[AO’[ +Z’Ul - VAo,
v ° k=1 k=1 =k =k
xyr_SigDotN —
xyz_DivSumj_ xyz_DivSumj_;
(k: = 27 : aK)a
o172 =0,
ok+1/2 =0,
xyz_TempVir (3.21) 00 (3.19
ok - Ty - Ty, (3.20)
~ ~~
xyz_TempVirEdd z_RefTemp
1
~—~ N~~~ €y N~~~
xyz_TempVir  xyz_TempN EvpsV xyz_QVapN
z_HydroAlpha z_HydroBeta
= =
f o Tk=1/2 Q% +0ki Br
Sk, Aoy, ’ (3.22)
z_TInpCoefK
DynamicsInit r_Sigma Kappa
A~ =\K
o = [ TRz )y
N o ’ (3.23)
z_HydroAlpha z_Sigma
DynamicsInit
K
Ok+1/2
=~ k
z_HydroBeta (3’24)
DynamicsInit GasRDry
=
R
K = .
K ~—
appa CpDry
DynamicsInit

code’description.tex(dynamics/dyn-nongrav.tex) 2011/02/25(00000000O0)
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gobbooodgbbbodd

xyz_TempEdd (3.29) 0O
° g
xyz_TempUAdvN"™ = Up T (3.26)
—~—
xyz_UCosLatN
xyz_TempVAdvN® = Vi Ty, (3.27)
~—
xyz_VCosLatN

H, =T Dy
—~~ —~~

xyz,TempNonLinearN. xyz_DivN

xyr,SigDotN.
- —[ Gho1y2 ( T'i1yo —T}) + 6pi1/2 (T}, — Tk+1/2)}
AO’k N’
xyr_TempEdd (3.30) 0O
r_RefTemp (3.31) 0O

1 _ -~
- Aa [ Uk 1/2 (Tk /2= Tk’ ) + dllj—slﬂ (Tk - Tk+1/2)]
xyr_SigDotNonG (3.34) 00 %- RefTemp
xyz_PiAdv
R ——
+ Ay Typvi -V
~~
z_TInpCoefK
z- HydroAIpha xyz,TempV|rEdd i
AO‘ |: Ukzvl VWAO'l‘i‘Tk ZD[AO’Z]
k
\—,_/
xyz,PiAdeum xyz_DivSum
z_HydroBeta
/-/\ K
A |: v,k Z (s Vﬂ'AO’l—f‘TLk Z DZAO'Z:|
Tk I=k+1 I=k+1
(kzl,-«~ ,K—l),
xyz,TempNonLinearN.k:K
= y
Hy =T%Dgk
L. ~ . ~
T Ao [UK—l/Q (T'K—1/2 - T;'g) + O0r41/2 (T;'( - T/K+1/2>}
K
1 ) -~ _ ) _ =~
N |:0-II\§(—;1/2 (TK—l/Q - TK) + UIN<S}-1/2 (TK - TK+1/2>]

+ f%KTv,K'UK -Vm

— Oé_K [T%K’UK -VrlAog + Té KDKAUK] .
AO’K ’

(3.28)
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ooaa,
xyz_TempN
y = —
7 =T, - T, |, (3.29)
~~ ~~
xyz_TempEdd z_RefTemp
(0, (k=1)
z_TInpCoefB
. = S
Tiqppy = ap T+ bp1 Do — Thonyp, (K=2,---,K) (3.30)
xyr_TempEdd z_TInpCoefA r_RefTemp
L 0, (k=K+1)
0, (k=1)
= Ty +bp1Tr1, (k=2,--- K
Ty =4 Qi o1l (k=2 ,K) (3.31)
N——" z_RefTemp
r_RefTemp 0, (k=K+1)
DynamicsInit
z_HydroAlp 1
g
R Y 5)
~~~ Ok—1
z_TInpCoefA
DynamicsInit
z_HydroBeta . 1
~ = Ok
b - 3 ( > - 1] : 3.33
\kf/ F Ok+1 ( )
z_TInpCoefB
DynamicsInit
r.Sigma g K
O.'Ilc\lGl/Q = Ok-1/2 Z'Uk'VTFAO'k —Z’UZ'VWAO'I . (334)
~— k=1 =k
xyr_SigDotNonG ~ ~ /N ~ 4
xyz_PiAdvSum k=1 xyz_PiAdvSum
goouououououod
xyz_QVapN
xyz_QVapUAdvN® = Ur “q, (3.35)
~~
xyz_UCosLatN
xyz_QVapVAdvN® = Ve qr, (3.36)
~~

xyz_VCosLatN
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xyz,QVapNonLinearN. xyr,SigDotN.
R =q D 7379 ( )
1 =q1 2 Ao, 032 (1 —42),
xyz_.DivN ~~  xzy QVapN
z_DelSigma
1 . .
Ry, = @Dy, — [%-1/2(%71 = qr) + Orr1/2(qk — Qk+1>] )
QAO'k
k=2, K1)
1
Rix =qx Dk — T K 1 — )
K =4k UK QAUKUK 1/2((]K 1 QK)

(3.37)

3.5.3 UO0O0OO0O0OOO0OO0OODODOOO0O

000000 NonLinearOnGrid D00 000000 #,¢,D,T,¢0000000
000000000000.00000000000000000 ¢+00000,
000000 ()00000000.00,00( |, 00000000000,0
0000000000000000000] j»00000.

w_xy
arm\NG =
( - ) ~Tz, " (3.38)
~——— xy_DPiDtN
w_DPiDtN*®
wz_DVorDtN® xyz_VAdvN xyz_UAdvN
— = —=_m ~m
oG\ "¢ 1 U OVau]™ _ [9Uaun (3.39)
ot a \1—,u2 o\ n o n ’
wa,DivL;;nbda,xya wa,Di\:rMu,xya
wz_DDivDtN*® xyz_UAdvN xyz_VAdvN
’ ~ ' ~ = ~ =
oDy, NG: 1 1 0Ua m+ OVair ™
ot a 1—p? O no ol n
RPlanet

wa_DivLambda_xya wa_DivMu_xya

xyz_KinEngyN

1
- = [—n(n +1) {(KE)W + > Wija(To it — Tijl)} 7
NG I=1 n
RPlanet**2 ™ N
wa_Lapla_wa( wa xya( ... ) )
(3.40)
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wz_DTempDtN® xyz_TempUAdvN xyz_TempVAdvN
m \ NG /T m /1 m
o1y, 1 1 OUyTiy n 9 VijeTijy,
ot a\|[l—p2 OA . ou "
wa_DivLambda_xya wa_DivMu_xya (3'41)
xyz_TempNonLinearN
~N-m
~——
wa_xya
°
wz_DQVapDtN xyz_QVapUAdvN xyz_QVapVAdvN
——— —— —
~ NG
(aqusn) 1 <[ 1 0 Uijk%’jk:| " L [8 ‘/ijk%'jk:| m)
= = - 5 Y Lk Yl
ot a\|l—p O\ " ou "
~~ - —
wa_DivLambda_xya wa_DivMu_xya (3-42)
xyz_QVapNonLinearN
~ =~
+ [Rijk ]:,
——
wa_xya

3.6 UOO0oooooooooobn

O00,t—At00000 xy*B,xyz*B, 00000000 ODOOO xy_D*DtPhy, xyz_D*DtPhy
0ooo0oo0oo0,00000000000. 00000 35300000,[ ],0

O00oo00O000o,0o0000ooooooooooooooo | rooOo
go.

3.6.1 0OU

W_Xy
e
0, =9 " (3.43)
S~~~ ~—~
w_SurfGeoPot® GV xy_SurfHeight
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3.6.2 t—At0000O0O

O0000000000000000 t—At00000. 000000 (t—At) 0O
goooogno.

xyz_VCosLatB xyz_UCosLatB

1 1 OV |™ OU;i 1™
Gim = = (L_ 5 a;k} - { a”’“} ) (3.44)
~— G\ H n L OH 1,

° ~ Y
wz_VorB RPlanet wa_DivLambda_xya wa_DivMu_xya

xyz_UCosLatB xyz_VCosLatB

Am 1 1 OUyu ™ O Vigr |
Dy =~ 5 : (3.45)
o Ta\[1-2 an ou |,
. 0 ~ ~~ ~ <
wz DivB wa_DivLambda_xya wa_DivMu_xya
wa_xya
—T—
Iy, = [ Ty ]:, (3.46)
~— ~—
wz_TempB® xyz_TempB
wa_xya
——
T = [ Qijk }?, (3.47)
~— ~—~
wz,QVapB. xyz_QVapB
W_Xy
m m
T, = [lnps,ijk]n . (348)
~— ~—
wz_PiB® xy_PsB
ooao,
xyz_UB
~ N
Uijk = Uk Cosy, (3.49)
~—~ ——
xyz_UCosLatB xy_CoslLat
xyz_VB
N
Vijk = Wijp COSQ (3.50)
xyz_VCosLatB xy_CosLat
oono.
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3.6.3 U0OOOOOOOOO

O0O00b00boobboobodbid xyzD*otPhy OO0 D0DO0O0OO0OO
0,353000000000000000000. 0000000 ( )phyDDD
0000000,000000000wzD*DtN®*OOODOODOO.

xyz_DVDtPhyCosLat xyz_DUDtPhyCosLat
pe h h; h;
oGNP 1 10 (Vi \"™ 1™ [0 [oUu\™ 1™
ot o a \1—;&28)\ v@t W Lo 8j 0 ’
RPlanet wa_DivLambda_xya wa_DivMu_xya
(3.51)
xyz_DUDtPhyCoslLat xyz_DVDtPhyCosLat
™ h; h; h;
A | 19 (0Uzu\™ m+g Vi \" 1™
ot a \1—;;28)\ V@t 0 \(IM a‘f 0 ’
RPlanet wa_DivLambda_xya wa_DivMu_xya
(3.52)
wa_xya
aj"mn phy 81—; phy m
u = | (= : (3.53)
ot ot i
—_——
xyz_DTempDtPhy
wa_xya
oam phy T O phy m
Gin o | (i . (3.54)
ot ot .
———
xyz_DQVapDtPhy
goo,
xyz_DUDtPhy
h; h;
OU; . \ P Ougip \ P
—ak = ((Zhik Cos p, (3.55)
—— xy_CoslLat
xyz_DUDtPhyCoslLat
xyz_DVDtPhy
h; h;
OV \ P Ougi \ P
A = Lk Cos (3.56)
N—— xy_CosLat
xyz_DVDtPhyCosLat
ooo.
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3.7 UUobooooobuood
(000000 TimelIntegration)

:0bogdgbboogbbo,gbboodobbooobbbuooobbon
goo.

3300000000 2000000 TimeIntegration O OO0, OOOO
TimeIntegration UUDODOOOOUO, 000000 OOOOOOO0O0O0O00OO
goo.

0000001000 (3.)OboooUuooo. Dooooooooo M:D
OU00000 SemiImplMatrix DO O OO, LUOOOOO wzzsiMixLU O O O
TimeIntegration U U DO UOO. OO SemiImplMatrix ], U U U UL Dynamics
DDDDDDDDD,DDDM?DDDDDDDDDDDDDDDDDDDDD
gog.

DelTime wz_DisCoefM
~ m A~~~ ~ =
M, =(1-2AtDy, )1 —2AtDY; )
v \ ’ )
wzz_siMtxM wz_HDifCoefH
zz_siMtxW zz_siMtxH z_siMtxG 2z-DelSigma .
et NN ~ A~ = n(n +
— (AW Th o +(1-2aDp) G T ]<_¥),
D ’ e, e’ a
zz_siMtxWH zz_siMtxGCt -
wz_LaplaEigVal

(3.57)

00 M, 000, ff0000. (??)0000,00000000000000
0o.
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dcpam50 0000

i wz_DisCoefM
. DeITlmf S
f. =1-2AtDy,)I - AtDy, ) D,
~~ : =M
wz_siVectF wz_HDifCoefH wz_DivB
~ m\ NG
+ (1= 2AtD7 YAt u
wz_DDivDtN
1 ~ =m
- At(——n(nj )> (1—2A¢D7 )&
a ) y
wz_LaplaEigVal w_SurfGeoPot
; (3.58)
wz_siTemp
f ~ m\ NG
FW (1= AP )T A | S
T N——r ot
wz_TempB
wz_DTempDtN
wz_siPhi
w_DPiDtN
+ (1 —2AtD7 ) G [~mtAt+At or,' NG]
_ ~m, > |
ol ot
z_siMtxG - -—
w_siPi

—mt
(3.)0000000 LUSelve 0000 DDD. 000 D, 000OD wzsiDivAvTime
000000, LWSelve 100D, f, 000 LUDDOOOO M, 0000000

(wz_siVectF, wzz siMtxLU, wz siMtxPiv) O 0 O.

3.7.1 t+At00000
(3.5)D (3.6)DDD. gooduououooooooooa.
w-DPiDtN wz_siDivAvrTime
o\ N o~

LAl — FrtmAl 1oAY ~) - C'D, , (3.59)

—_—— N — ot ~~

w_PiA® w_PiB R z_DelSigma 9

w_siDPiDt
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~m~\ NG

~m ~ om\ ! ~mit— 0

Ertat (1—2AtDM ) {cn A oAt (ﬁ> } (3.60)
—— —n —— ot

wz_VorA® wz_VorB

———
wz_DVorDtN

~m —mt ~ mi—

D —op™ — DT, (3.61)

—— ———

wz_DivA® wz_DivB

wz_DTempDtN
] 8Tm NG zz_siMtxH

~m ~mit— A~ = mt
/A LD §; e T YV n) —Th D"V, (3.62)
S~—— 1-— QAt’Dg’n ot

wz_TempA® wz_TempB ~ 4
wz_siDTempDt

1 aqm NG
wz_QVapA® wz_QVapB

wz_DQVapDtN
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