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10 obotddbood

O0000,0000000000D0000C0C000000 (Dennou-Club Plane-
tary Atmospheric Model) D000 00 5000 depamb 00000000000
gboboboooobobobooogbn.

O2000,000000000000000000000DO0OODOODDO.
g3dbb,gggbbobodg,gbbbuogobobbuoooboboooad
OOboobo.0gb0obobooooooobobobogoobbddepamb OO0
Ooo00oOooot'oo0oooooooooo.

gboogobuogbbodgbboobooobooboba,bogboooboo
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

goboobobooobooobbooobobg. bbooobO Takehiro et al.
(2006) 00, 00000000000D0OO000ODOOOOODOOOOOOOO
gooo.

2.1.1 00000

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

gobbboooobbbooooooboood.
(oooo)@ooooa)

gboboboooboboobo (boboboo)obobooo.oobobobooo
gb,bugdgbo,buoobbbooogbobobooooboog.

2.1.2 JUO0Oboooooooboood

gobbbooooboboboooobb,ooobbobogao.

P HN<S X
OoooOoodd
OooOoOoodod
OoooOoodod
OooOoOoOoodd
OoOoOoOoodd
OoOoOoOoodod
OdOdd A~~~

DDN% "

DD\\\

OogoOood

2010/02/24(000000000O) code’description.tex(general /gen-naming-rule.tex)



decpam5 00000 2.1 000O0OobObOoooad 3

213 000000

oooboboboobobobob.0oboboobooooobob AD, D
gboogobuoooooboog N, buogoougboobogb sgobog.

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

e B: OO t— At (Before)

214 00000

gbboboogobbobooodoon.

e JUUUOUODODODODO.

e 0D UOOUOO. ODLO,0DDLDLOOUOOOO0OO0ODLDODLOOUOOOOOd
0000000O0o00oooooooot

215 0000

obobooboobgooboon.
e 1000 ODOOODOODOO

— x.Lon goooo

— y-Lon :gooog

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

e 300D UOOO,DOUOO0OODLDDOU

— xyz_TempN: 7'(¢): 00 OO0 300 (0O0OOOD0OO)O000O (¢)

lDooO00O0000000000000000000

code’description.tex(general /gen-naming-rule.tex) 2010/02/24(00000000O0O)
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— xyrUA : wu(t+A¢): D000 OO0 300000 (DOODOO

0o)
— wzVorB : ((t—At): 00 00000000 (0000O000)
%,
— w.DPiDtN : 8—:(t):DDDDD r=hp, 0000000000000

22 UO0UOooobobogotbod

g2l oUood
Ooo00.0b0b0oobooboooooDooobob0.depamb00oooon
gobooooobbtbdodoooooooogo,bbobooooog. oo,
gbboboboooboooboo,buogbuabboobboobboobbod
gbobobd.gobbogoobobo,bbbugobbuooobobboobobood
gbogbbogbuodgboobbdobobboobo.obbobobuodoboo
goboboogoobobod.

gopobobbuooogbobobbooooooboboobouooooboboo
g.bbogbboodobbuooboboodobboobo.ooobbooobod
gbbooooooboobod. gob,ogobbuoogbboogbbobuooobboo
gbogo,gbobobboboobooboobooboobobboobon.

gbbooboboobbobboobbooboobboobboobbo,oo
O000000000. 000 At=100000,0000 ¢t=90(t— At),100(t)
O00000¢t=110t+At) 000000000, 00 ¢t=11000000000
00000000,0000000 (0210 TimeFilter) 000000 3000
0000 ¢=1000000000.00000000,t=100(t—At),110(¢t) 00O
gob,oogoobobuoooobbboogal.

ggbobbbbobououoooobbbbodoooooobbobbuoooooon
gb.bogobobbogobbooobbooobbboobo,ugobboo
gobbbodood. bbo,gooobbb,booooobbbbooodn
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-

2010/02/24(000000000O) code’description.tex(general /gen-references.tex)
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AL
(5L, 2= R TA1
5L, etc)

TimesetInit
R O W E

GridsetInit
T REEE

ConstantsInit
B ERGRE
MainInit
H AN
WYL AxessetInit
JERE R E

RestartFileGet
YAZ—} T 7 AV AT

RestartFileOpen
YRAG—= T 7 AN A =T
———

)

HistoryFileopen
2R ey
EARNT 7 AV A

m GroundrileGet —
| HiFe i G F OB E

P ELE R
(W, SRELAEHL, etc)

Dynamics e
1 AT —‘ e

PR
[ GEIEEER, SR EARN T 7
dcpam_main AN~ ‘

AV}
TimeFilter
e 7 22—

RestartFileoutPut

YARGZ—bT7 74 H

EANZ 7 AN

1]1

TimesetProgress

\\¥4¥// i1 0 ST
RestartFileClose
1 — k7 Y —
YAS—bT 7 A zn=2X

—

HistoryFileClose

R R EANTZ 7 AN =2
MainTerminate
TRy :
TimesetClose

I ORE T ALER

FALER
(5L, etc)

O21L:depamb 000000, OOODOOODODODOO0OOOOOOOOOOON
0000 depammain (depammain.F90) DO O O00OO0OOOOO0O0OOOODODO.
O00oooooooooooooooooooooo,oooooooooon
0000000, MainInit 000 MainTerminate 00000000 OOOO0O0O
dddddddddddddododddododdUoUoooo. oo, 0ogooo
Jdddddddddddgdddo. oo, g UdUugd g
Jddddddod.ddddooooooooboo,dddddooooooooo
0000000 MainInit O OO MainTerminateO OO, 0 000O0OO0OO0O0O.

code’description.tex(general /gen-references.tex) 2010/02/24(00000000O0O)
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namics, Nagare Multimedia 2006, http://www.nagare.or.jp/mm/2006 /spmodel/

2010/02/24(000000000O) code’description.tex(general /gen-references.tex)
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U340 oo

3.1 Uoouood

goobboboobbbobbddooooooooobb. oo oooo
gbbbuoodgbbbuooobobboooo,buooobobbog,bbbuod
gooo.gbbuogobbuogobuogbboobbooo.bogobbod
gboogobuogbbuodbbodg,ggbooobuoobbuoobboobbo
uo.

goobboboobobbbooddoooodo. bbbobooddooooooooo
gbbobuoodobbb,odbbbuoabobbbooadg,buoooobbodad
gboboogobbooogobb. oo, ugggbboogbobogoobbod
gbooog.

3.2 0U0OO0O Dynamics OO

03100 3300000000000 bynamics UUOOUOO. DOODODOO
godddooooouooooob. pynamics UOOODODOODODOODODODOO
oooboooboobood. gobboooobbuooo,0ogobbooooo
Dynamics UU U UOUOUOOOOUOOUOOOOOOOOOODOOOOOO. OO0
gbboboood,bbddd dynamics hsplvas83 DU O UUOODODOOOON
0. DynamicsInit 0 U0 SemiImplMatrix U O U OOOOO0OODOOOODOOO
oobobobooooobobobo,oboboobooobobobobuonbon
goooboooob,dbbd pynamics UOOODOOOODOOOOOOOODOO
oboobooboooboobg.

Dynamics 00 00000 NonLinearOnGrid DO OO ODOOOOOO (NG)OO
O0000. TimeIntegration 00000000 ODOODODO (3.3.1000)00

code’description.tex(dynamics/dyn-flow.tex) 2010/02/24(00000000O0O)
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U. 000200 dynamics UOUOOOOOOOONO.

NonLinearOnGrid D00 UOO0O0OO0O0DOOOOO0OODOODOOOOODOOODO
U. SemiImplMatrix UUOOOODOODOO0OO0OO0ODODODOO. TimeIntegration U
gboboobobooboboobobo.obb,boboobobbobon
0000000000000 0, Dynamics 000000000 (DiagOutput) O
U0. DiagOutput OO UODOODO0OOOO0O, 0000000000000, 0
gbooogooon.

3.3 Ub0Uuobououooouoogt

:0boggbobobogoboob,gobbbogobboooobboooboboa
goo.

3.3.1 UUOUoooouooboouogd

gbobobooooboboooob,ooobbboooobbboodgbobog 3.5
OoooobDoooooooOo. oo t—-At00t+At0OD000DOOOOOO
goboboooobbobooooooo.

1. 000 POOOODOOOOOOODOODOOOOO,
Mt Dl = (3.1)

gobo.ood
goo.

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

gobobooboooono 33.20000.

2010/02/24(000000000O) code’description.tex(dynamics/dyn-semiimp.tex)



dcpam5 00000

3.3 Uoggbbobuooobo 9

u,v,T,q,p, (at t—At, ¢

)
e T

ot) \ot] \or t
ZS
— Dynamics -

BBl D F DynamicsInit
At BEALT D . .
AP SemiImpIMatrix

O_> p.v (at t)
<«—OQ1om 1-y'om
adl’ a Ou (at 1)
O—>» u,v (at t)
-+—0 C,D (at t)
u,v,¢,D,T,q,

1om 1=4 om

(at ¢)

JVED | | o g aor a on

2 NonLinearonGrid
" <«—O U, V, H,R,

KE,UT',VT' Uqg, Vg,
o,Z (at 1)

UA; VA)H)R:
KE,UT',VvT',Uq,Vq,

Hd,Z (at ¢)

-0 g NG @ NG
ot "\ot ’
B 67‘ NG aq NG aﬁ' NG
o) G )
[ AT MUE ]

ARMEES 2— LD
*ﬂ%‘”t?‘:/?
*NAMELIST Ft AiA A
KR ST A B DT
cEAN) T — 2Rk
B R T A= DER

BTV b
AT HIERK

MR LD
ZEM B LEOFH

MEFEB O

R bTo
FERIE ) DR

P AN Sy (s
DFHE

0 3.1: 0000 bynamics UL O 1. 0DOOOOOODOODODODOOOOOOOO,
Dynamics UU U OO OODOOUOOOUOOOOODO. OO0O0,0000000000
gooooododon. oooodouoooooo, oooodgogoog
Dynamics U O O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0UO. UUQU4d
Dynamics 00000000000 0,0000 (DynamicsInit, SemiImplMatrix)
0000000000 (NonLinearOnGrid) 00000000 OOOOOOOOO
godoboodoooonoodonoooooodo. boouooooog

goo320000000.

code’description.tex(dynamics/dyn-semiimp.tex)
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030 gooo
Oo—» Zy MO T A
-—0 & AT IARIZ
(AT VA ]
u,v,T,q, p,
o—» (at 1-4A1) (1= At) ok 7l
-+—0 i [) T,q, 1 ARG I VAE A~
(at t—At)
S ,
LTS (A AE)
I:X/\OZC];}I/{ﬁ:I NG NG NG
oC oD oT 0G
= s D — b P i = t t
(at ) (az ) (az ) (az ) (at 1)
[*%%QEJ‘[&] ) ) )
au phy 8v phy a T phy aq phy
— = = = t ¢
(az) (ar) or ) \ar) @0
o—» PR RO 2L IH D
-+—O0 A SAEZ AT RV~

a_i NG @ NG Q NG 6_(} NG
(az) ’(at ) ’(az ) ’(az (at 1)

AT U]

0 32: 0000 Dbynamics UUD 2. U 3.1000000. 0000O0O0OO0OOO0O
100b0o0b.0obgoboobobuooboboboob,boboboo,ob

U0b0Db000dbi0O0d TimeIntegration U O OO0, DODOOOO0OO0ODOOO
gbg3300o0ooa.

2010/02/24(000000000O) code’description.tex(dynamics/dyn-semiimp.tex)
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[AAT MU ]
C,D,T,q,7 (at t—A?)

ENG @ NG @ NG a—q NG a_ﬁ' NG
(at ) ’(at ) \ot ) "\or ] “\ot (at 1)

. P, NN
eI T ok | O— — TimeIntegration ;%F%‘QZU‘/%
IRF IR 53 <«—O0 7 )p.T,5,# B
(at 1+Aft)
[ARTMVAE]
[AZ MU
¢,D,T,3,7
. At)
2 shuf |o—e (8t 1F AL o
AR
MOFEA-RE~ | «—O u,v,T,q,p, gg%;@,@\){a@f 7hVi
(at 1+A?)
(AT AR]
C,D (at t+AY¢)
[R& - R
o— T (at t+A¢) i
5 et JEE BN IE
PRI <“—O 7T (at t+A1)

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

O—p lat 1
H ( ) Diagoutput EAN T —4

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

0 3.3: 0000 Dynamics UODO 3. U 32000000. 0000000000
1000bog.obgobooboboboboobooboo,bobobobooobo,
Oooobobooboo,0b0g0 t+At0booooooooboboooog.

code’description.tex(dynamics/dyn-semiimp.tex) 2010/02/24(00000000O0O)
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3.3.2 UO0OO0OO0OO0O0OOOOOOOO0OO0

33100000000, b00bo000boobboo20bb00b0o0bn
gb.d0boooboobooboobgoon.

~_mt
e 0100: D, DODO
(31)000000100000. 000000000000000000000
00 350000,000000000000000000,00000000
DOOooO,
(D" DY (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-ﬂi&iﬂ- 1 —2AtD7 D
( ) {( n B,

a?

ot

~m~\ NG
+@—2Aiﬁ”G[ﬂ”AHﬁu(i¥> ]}

~m\ NG
o mae T
4@1(1—Aﬁ$HTth+AtC?")

(3.4)

goo.

M'0000000 SemiImplMatrix 000D, LUDODOO. M, 0000
D000000000000000000000. f, 0000 (3.1)00000
udddil TimeIntegration U UOONI.

e 12000000 ,
UO0O00DO TimelIntegrationUUODO. U 1000 D:? gobobooooooo

2010/02/24(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
Oooo0oo00o0ooOo, Db, OO0 tOo0oOoOoOoOoOoOoooooooO (NG OO
O,.++At0000000:

- - oxX™ 5 =t
XA = (,) 7T AT 4 24 ( at”) +G%. Dy | 0o (36)
ooo,
xm = wm, ¢ T, ar,
~m~\ NG ~ m\ NG

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

(3.7)

gboobog,0bobuoggobbobuoogobbboooobobod.

34 0UO0OOOOO

godd,bbbbbbiboooddoooooooooouuu. ooood
OxyzuOOOOOOODOODOOOODO, 00000000000 3100000000
go.

3.5 J00O0O0ODOOO (UOUOODDO NonLinearOnGrid)

3.5.1 NonLinearOnGrid U [0 U O

NonLinearOnGrid U U U U UUOUUOUO, D00OO0OOOUOOOO0O0OO0O0O00O000O0O
O00. 00000000000 SPMODEL 00000 (Takehiro et al., 2006)

code’description.tex(dynamics/dyn-nongrav.tex) 2010/02/24(00000000O0O)
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g ]
000000000000000 (D000O0O0Ooo0 | xyzu®
O000)000oO
gbgobooboo O
000000000000 00000,0(@)0000 | xyzU
O(@)0D0ooooooo

goooooooooooon xyz_U
goooooooon 0
0000000000000000000000000 | xyz_u®
goodad

0O z_Sigma
0o w_Lapla_w

03l dbodboobooboobuoobooboo.booboobooon
oooooo,bobobobooboobooobob.0obobobob,bon
ooo0,00bobobo0obooboobooboooooboobL,b0boooooDobobn
U0 DynamicsInit U SemiImplMatrix UO O OOO0OOODOOOOONO.

2010/02/24(00000000O0O) 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 S———
xy-GradLambdaPiN RPlanet xy GradLambda w( w.xy( ... ) )
xy_PsN
1 2,0(In "p,)
(vm), = o (oS (39
S—— . Q“,./ N H _
xy_GradMuPiN RPlanet Xy_ GradMu w(wxy( ... ))
xyz_VN xyz_UN
SN ~~
1 1 0V 0o U
¢ = = - 2= (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 5 DivLambda xya( ... ) wa_DivMu_xya( ... )

[\

'

xya_wa( ... )

3.5.2 NonLinearOnGrid U [0 U O

000000 NonLinearOnGridO OO ODOOO Uy, Vu, H,R,KE, UT",VT', Uq,Vq,
,Z000000000.0000000 (()OOO,0000000 ¢,j000
ooooo.

gbobbuoooobbooodobbon

x Xyz-PiAdv (3.13) O

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

N

XyZ,PiAJ:ISUmkzl

code’description.tex(dynamics/dyn-nongrav.tex) 2010/02/24(00000000O0O)
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noo,
xy_GradLambdaPiN xy_GradMuPiN
xyz_UCosLatN —_— xyz_VCosLatN  —AN—nun
= 1 107 ~~ 1 (1—p?)orm
v, -V = U ——— + 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) 0O
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\
- 10m
-G m T, 2oy TFakcose,
CpDry  xyz_TempVirEdd (3.20) 0O
1 . .
Unp = (Ce+ f)Vi — A, [0r—1/2(Uk—1 — Ux) + ky1/2(Ux — Ugyr)]
k
CpriT) 1. 0
%6§+]{\k005¢, (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
VA,1 = —(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? (37?
— Cpiin Ty, —8u+f 1k COS (k=2,--- ,K—1)
.
Vax ==k + f)Uk — Aox orx-1/2(Vk-1 — Vk)
. 2 87T
- pF&KT;K - %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

. . [ ]
xyz_KinEngyN HydroGrid 0000 Wy 0000

2010/02/24(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
0"k:—1/2 = 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
—~N=\K
o = [ TRz )y
N ok ’ (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) 2010/02/24(00000000O0O)
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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
—~~ —~~
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xyz,QVapNonLinearN. xyr,SigDotN.
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