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A Dynamic Framework of the Atmospheric General
Circulation Model and Its General Property
in the Partition Terrain Coordinate

LIANG Dan-Qing' ZHANG Ming® and ZENG Qing-Cun’

1 Institute of Aeronautical Meteorology —Air Force Academy of Equipement  Beijing 100085
2 Meteorological College PIA University of Science and Technology —Nanjing 211101
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Abstract A new dynamic framework of the Atmospheric General Circulation Model AGCM and its general property is
introduced to avoid the disadvantage of o coordinate. The framework adopts nonequidistant partition terrain coordinate in
the vertical direction. The horizontal mesh is 4 degrees longitude and 5 degrees latitude and there are 9 or 21 levels in
the vertical in the framework. The control equations the difference expressions the boundary condition and the time
integral scheme etc. are also given. In the dynamic framework the differential and difference equations satisfy the total
mass conservation the quadratic conservation of advection term the conservation of total effective energy. The Coriolis
force does not work and the false source is not introduced. The framework keeps physical facticity in computation and can
be run stably for a long time in the current personal computer. The numerical experiments on terrain can be carried out
using the framework .

Key words AGCM partition terrain coordinate dynamic framework general property

S]

2003 - 08 — 04 2004 -01-13
40233027 (1998040900
1978 E-mail jianlin _ yao@ 163. com
2002



29

302 Chinese Journal of Atmospheric Sciences Vol. 29
Inp, = Inp; + ln(l + = ) = Inp; +
pxi
P \
i + 0 107 . 2
O psi
. G, =-V¢' — SRT Vinp, =
P
’ _WS'_SRT'V(~ ) 3
7 o Psi — P
IAP 2.0 TIAP9L AGCM IAP 2.0
IAP 23
D ps _pl
“ ” Eﬂ's 0 A T =
psi _pt
O , 4
D pSE]
DTL"/s 0 A1t ==
D pxi _pl
IAP 2.0 BP@ATEWTS
E VE P’U
oW= P??
H i R
« 0 D = C PRT
av :
G =- 2LV =P/ -P} +f U+ PF, 61
al] 3\ 1 2 *
Z:_LL”"U_PA _P/\ —f V+PF,1 6-2
d
gz_ZL O +5 CP4okd Q' 4
07 + 07 +}§—PFT ’E—PH 6-3
2 dm, IPW
9t =-Dp - 7y 6-4
(0]
_ 7 p =P po-p +p.- 6-5
_ a0 py— D |
) Vdi=0/0t+ v V +99/0y p=dy/dt S= p-
o= p-p /| p,—p Ds p./p o 0 1 0=0
pt pO ﬁsi
Pl O _ ( IFu _ i)
1 / O L F = 2asmt9 25, —F
ps=1 W= p—p, Po — Du P Po %L . (ZaFU51n8 Fal}sing) ;
7 1~ 0 2 =2asmt9 a6 a0
s — .s’i+ /sa .
~ o pEheh B (a2 poi)
p’sa ps p.)i Ip/s‘d/psil <<1 -~ 2 7] (7]

® 2002



No. 2 LIANG Dan-Qing et al. A Dynamic Framework of the Atmospheric General Circulation Model and Its General Property 303
kK p n
a4/ 7 10 0.0000000
Py =P 8-1 UHIQ— - -~ - - — oo 125 0.0149514
adf nd 40 0.0299028
1 ¢’ UITQ = = = - = - - == - - - 2 75 0.0647895
P, =P ——F—~ 8-2 .
asind O\ 1P 1o 0.0996761
0 UTQ — = — - = == - — == - - 3165 01544961
p2 Ts 8-3 5P 220 0.2093200
4 7(9
ac Wig - = = - = === ===~ - 4 285 0.2741093
: dn’, ne 350 0.3388986
P, = SC, @ 2sind Ix 8-4 UPTQ = = =+ = === = -~ - 5 425 0.4136557
nd 500 0.4884127
T — — = + = =« = = — =« = 575 0.5631697
2] e 650 0.6379267
o' =¥ 2£ 9-1  wvrg - ------—//// 75 07126838
7 , #d 4 800 07874408
7[' S
QF =V c - 9.2 urTQ ////// 862.5 0.8497384
adl b 925 0.9120359
: I wvTQ - - - ~ W//// 969 0.9558934
Q° =U m 9-3 T 1013 0.9997508
TOLOIIIIINIIITIIIIIT 1013.25  1.00660C0
1 (aFVsinﬁ ﬁFU)
bk = asin0 20 T 9-4 |
6-1 6-2 6-3 Fig .1 Vertical grid and variable placement — dashed lines are full
2 levels  solid lines are half levels
Iy =2x/AX [y = /A0 Arakawa-C
1AP2.0
Wi, =0 10
~ p/sa U |-7 = U |-7 = 0, 13
$ 1,., = RT, = 11 =t =t
» pii
T.=T p, 4
‘77T =0 4
an
V- n=0 12
n 7
4
3
Ui uv uv
10 hPa
7
(/R Lorenz uv
uvao Q 1 0 uv
W 0
7 1 9 1 0] uv
21 D
AQ =4° AL =5° (o) 0

0<f<nm 0<A<2r Iy x Jy




29
304 Chinese Journal of Atmospheric Sciences Vol. 29

uvvao F=UV® m=123. 15

0
ST —wer et v sec,at asdy =
i s

3 RT. L,
5 —EZﬂf Pi = po 5w dS 16
Y% Psi

3 At =12 min

1
()

SZ}H _UP? 4 SPC,Q7 dS
o > 17
%ZH _ VPR 4 SBC,Q7 dS

1
=)

J 1
EZJU 5 U+ 7V + @ dn +

A
TIAP2.0 Ri’s ~ |
4 7 2
2 = Pi— P4 T dsS =
psi
2
32JU KST? Q' +0; +Q7 dydS. 18
i Yev g
18
6=0
O}
1
6
4
4 F
0 N ok iy
ZMVD P dyds =0 14-1 22( ZZNSF)azsiné’jAAAé’A)y 19
A s=1 k=1 \i=i j=j
%ZJJﬂSdS - 0 14-2 N k=
g 1 k=k,
S,' 13 k_‘
s 14-1
7s 7s,
2 C

0
S[[ pr, Foagas =0
Prg s

® 2002



2

No. 2 LIANG Dan-Qing et al. A Dynamic Framework of the Atmospheric General Circulation Model and Its General Property 305
o IAP 2.0 i
Z} U' Py agAX -
1 2 D CoSQ7 4 ag;A =0 25-1
Noidl A
d 1\~ 2
9722 m, . a’ gAML = 0 20 2 Ve Pyl ag 1A0 -
s=1i=i j=j I=,
I
2 — -
sinf) je 271 ]2 O CySQ; ;. a5, A0 =0 25-2
Ej = i . M . 21 ‘ 92
4510 j=117.
2
5
D F L F .- abd =0 22-1
i=i, 0=0
j; 5[ & k i 1
MVF L, F o, al0 =0 22-2 7[ ) ‘[ ‘Z(;Uz) . a’ e, AOAX +
i, s=1 k=1k j=j i=i i-5 j k
& N
D F Ly F - Ap=0 22-3 ) ‘(%Vz) - a’e,, 1 AOAX +
k=1 j=3, i=i, i gk 2
i F= & UV Ll
2(5@2) a’e;,AOAN| Ay +
]:];i:zg ijk
! ' Riwa 1 -
3 — 7ty
. ~ 2 s psl pt
j JEIEEE Psi i
DD VU 1, deAOA - .
i=i j=j 2 ’ a €]A6AA = 0. 26
i ]:
> STU -V, dle 1AM = 0. 23
i=i j=,
4
3 1: j_f 7
U- Pl 1, d’eA0MAY +
k=1i=i j=] ! 7
9 21
kooig g
4°
2, ZZ V- P, Pl ke azej%A@A){A?] -
=li=i j=j 50
kil
DIDIDT D €S dleAANAY =
k=1i=i_ j=],
IAP 2.0

-p - % w2 - d’e AGAX
i
24
Q 1



29

306 Chinese Journal of Atmospheric Sciences Vol. 29

Mesinger ' Janjic Z I. Problems and numerical methods of incorporation
of mountains in atmospheric models. Lectures in Applied Mathematics
1985 22 81~118
. IAP
1993
Bi Xunqgiang. IAP 9L AGCM and climate simulation. Ph.D. dissertatio

in Chinese n Institute of Atmospheric Physics Chinese Academy of

Sciences 1993 210 pp

. 1979 22~25

Zeng Qinqcun. The Physical-Mathematical Basis of Numerical Weather
Prediction in Chinese  Vol. 1. Beijing Science Press. 1979 22 ~25

1987 11 27 121 ~142
Zeng Qingcun  Zhang Xuehong. Available energy conserving schemes for
spherical baroclinic primitive equations. Chinese Journal of Atmospheric
Sciences in Chinese 1987 11 27 121~ 142
IAP AGCM-11I

.2003 2003. 37 ~49
Zuo Ruiting Zhang Ming Zhang Dongling et al. The design and
examination of TAP AGCM-III dynamic framework. Dynamic Theories
Model and Prediction of Climate System in Chinese  Zeng Qingcun
Chou Jifan et al. Eds. Beijing China Meteorological Press. 2003 37 ~
49



