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The Comparison Between Two Versions of the GOALS Model on the
Atmospheric Energy Cycle Diagnosis

ZHANG Tao, WU Guo-Xiong, and GUO Yu-Fu

State Key Laboratory of Numerical Modeling for Atmospheric Sciences and Geophysical Fluid Dynamics, Institute of Atmos-
pheric Physics, Chinese Academy of Sciences, Beijing 100029

Abstract The atmospheric energy cycle diagnosis is a suitable way towards understanding and improvement of cli-
mate models. The global mean values of energy cycle from two versions of the State Key Laboratory of Numerical
Modeling for Atmospheric Sciences and Geophysical Fluid Dynamics (LLASG), Institute of Atmospheric Physics
(IAP) Global Ocean — Atmosphere — Land System (GOALS) Model (GOALS-2 and GOALS-4) are firstly diagnosed
and compared with observational estimates, then the zonal mean contributions to energy cycle reservoirs and conver-
sions are investigated to explain the ameliorations and deteriorations of global integral values, and to diagnose the
effects of changes in parameterization schemes.

The results show that the two versions of GOALS model are capable of reproducing the main features of global
energy cycle with reasonable accuracy. Specifically, zonal available potential energy (Az) is converted into available
potential energy of stationary eddy (Asg) and transient eddy (Atg) . eddy available potential energy is converted into
eddy kinetic energy. and the energy conversion induced by transient eddy appears to be larger. Reservoirs of station-

ary and transient eddy available potential energy (Ase and Arg) have about the same energy content. The nonlinear
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conversion between the two eddy reservoirs of available potential energy is directed from the stationary to the transi-
ent reservoir. The reservoir of zonal kinetic energy (K7) is about as 1 - 1. 5 times large as the sum of the reservoirs
of stationary eddy and transient eddy kinetic energy (Kg: and Krz). The reservoir of transient eddy kinetic energy
(Ktr) is between two (January) and three times (July) larger than that of stationary eddy kinetic energy (Kgg).
Barotropic conversions (Ckg and Ck.) are directed from eddy kinetic energy to zonal kinetic energy. Apart from this
basic accordance of observational and model results, it is indicated that the GOALS models also exhibit some signifi-
cant deviations. Two conversions even show an orientation opposite to their observational counterpart, the zonal
conversion Cz between the zonal reservoirs of available potential energy and kinetic energy and the nonlinear conver-
sion (Ck kg, ) between Kg and Krg.

The analysis of zonal mean cross sections of energy cycle reservoirs and conversions shows that the better simu-
lation of global integral values in the older GOALS-2 version is mostly due to the cancellation of errors of different
sign, while the improvements of the representation of certain local processes in the new GOALS-4 version in some
cases lead to a deterioration of global integral values. The inclusion of the diurnal cycle of solar radiation may show
a significant effect on the local contributions of energy cycle parameters. For example, the local contributions of ba-
roclinic conversion CAT (conversion from zonal available potential energy Az to transient eddy available potential ener-
gy Are), baroclinic conversion Cg. (conversion from transient eddy available potential energy Are to transient eddy
kinetic energy Kre), and stationary eddy kinetic energy Ks are obviously improved. The simulation of unrealistic
rising motion in the Antarctic region contributes significantly to the negative global integral values of conversion C;
from zonal available potential energy to zonal kinetic energy in the models. Because the overestimation of dissipation
of transient eddy kinetic energy Krr results in a weaker transient eddy kinetic energy in the models, and the maxi-
mum of simulated stationary eddy kinetic energy Kse is also underestimated, the nonlinear barotropic conversion
CKTE’KSE from K to K is thus not well represented in the models, which highlights the need for further improve-
ment in the future.

Key words climate system, energy cycle, stationary eddy and transient eddy, diurnal cycle of solar radiation
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Fig. 1 The global atmospheric energy cycle for Jan. Reservoirs (in boxes) are in J/m?. Conversions are in W/m?, with arrows indicating

the orientation of conversions for positive values, and the orientation of conversions is reversed for negative values. Top numbers indicate

values based on NCEP/NCAR reanalysis data 1991 = 1997; second row values are for the GOALS-2 model version and last row numbers for
the GOALS-4 version. The terms Gz, Gsg, Gtg, Dz, Dsg» and Drg are computed as residuals
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for Jan (¢) and Jul (d) from difference between GOALS-2 and NCEP reanalysis, and for Jan (e) and Jul (f) from difference between
GOALS-4 and NCEP reanalysis. Units; 1076 W e m 2 « Pa™!



14 S GOALS B b RE R AG R 12 W 20 5 A8 [R) REUAS 358 285 SR LU SR IT 5
No. 1 ZHANG Tao et al. The Comparison Between Two Versions of the GOALS Model on the ... 45

A A i BT SR 0K G b T AR K S i £ i
AT [R) AL,
4.4 SGEERLERSERBEENER

PNES 1) S0 g 1) 4 ) Bl e e 4 % C, g 3k
BUMEKSE » A RRAE A P IZ B AF -5 5 WL e
B 1, 2) o FRATTRIIE s 33X — 00 3 S S e 24 [ F-
B8 1558 3 Lo | 5 P40 B LT I AH SR AE . 76
WX ETF. I Tt C,=>0, HRUHE ALln 4
mzffe K 4, J& Hadley SRy i Rs . Ferrel
AR, C,<<0, IHFEL M BhRE . A S0 RERe
e, FIL, GOALS #:: C, 2Bk B R fi vl Be
B AR PR SR 55 25 B s A K.

PIANEZC A T2 3 X (D R itis 3 X
CHEAED 76 HP IR ZR 1 X S5 000 S AR — 3, (B 1 ) i p
U ETE . TS sl O B X R ARZ s i
LN 52 1 2 AL % JZ R 2 400 hPa 2245 (]
W) . P, BEHUEY CofE oA B WAL 208 i T
BT UGBS A B AR AR RE . 7 T L
L, R XA Y e K T R UiE s
F£ 700 hPa [T . WU 2 W H5R L TE. FUtiEsh
X EH M AIR)Z 850 hPa — F AL £ )2 250 hPa,
e HI8 3 1 B R IR 25 R AE R AR X B T AN 52 B
(A b T ta sh CHED . i LI 25 SR R Al R UL IX
(EfED . MRS R S RE U B ml AT,
5 NCEP %R L, FBEl R X S R G R
A2 30 W/m® ¥ BRI BN s 3K A3 )
T AR XA 3 2 AR AR i I, LA ) — N e 2R
SEASLALL A R AR b DX R R 23 KA R A e » )i
7 AXHE PRE W R EE 10 K LB mixHRE B
JEEMR Y 3K FASEALL A0 I E 152 25 1Y) e B0 AT 2 T 3R
T AR b DX b T2 Bl — B R L ki 2 (A
KR Xy EFzgh. S8 CoATRE, X
I Co AT 5 26 L XA 3 KR 22 AR AR S A
4.5 RENBEMAEEUR R BBERIF iR

RUEEARIT Ca, M Ca s TEH 0 3 FBEAS % 3
AR RE (Ase FT Are) s 3X AN 10 B I8 T2 8] 1)
R AR, LS S350 1) Bl BE A 5 45 30 Croy R C,
HB AR AR E W e SRR . e T2 1]
(1972435 LA e 555 55 SRR 0 s 2 45 8 AF ;1) 245
FRFE

M EARRFUM (B 1. 2), RUEFAI Cr,
FEPIA A B 1 4 5 28 LU T A0 A DR 25 SR AR i 3

it s XA IFAE Ca, BRAAR XS B (R 5 0
W Ca, ZZHIAK, HEZFRWAD .. FHik, ©1]
TR A2 R IR B UL RE I A E 48 i A 3 R 1
AR, wE iz B W —4H 25 —1H
HIE RIS AL BT P2 AR 1 . X FARWE 5 BT 25 i A
Ulbrich F1 Ponater % Bl J5 & 5% Wi & T UK Z 3
fii. P, GOALS B 5 16 2 A 2007 e R IR
A PRI AT 18 R % LI R . R, 23R4T
L i Bl R A 2 AT 3 M VR R TTUOR T RER X
PR G AT kA R, R A R4
OB 15 28 (G i 15 -

5 GOALS2 #ilt, GOALS4 1 Cp, £FRFY
E S S Ca, 192 BB (8 1 25035 A — 20
(E 1. 2), MiEC iR, BB IHMAR L, &
JEHEARIT Co, Fl Ca, HA BEZEAT R BRI
WARAL Y IH S SR AR . X BT SR 3 AR AL 43 A T
KR UL Cp, M Ce, AL —3., B4
BT HEGRBR SR TR BN UTHY R A% i 10
Cr, WL AR ZE SR . 7T LA B, P AR 3
AL HR 2 BE X2 09 C, W B K AR 0 s T L
BBk T P ER 0 AR A R 0 B A5 B P I OV LE
Bl da~D, WABEAW Ce 82X, UK
GOALS4 H GOALS-2 (e K (B 4g~D FE
110 Co, Bt T (& 3c~D HA—5, Hit. NG
[P BTk E — 25 UESE TR AT ie s . B
B Ce, )RR 22 EEFEF 2R Ca, 195 iR
ZEH K (HIBES I8 I A S0 RE A 28 Hn P 1 2R 1Y
AR ZMAE 1, 2),

R T T GOALS B2 J5 HE 4 1 im i 550 19
BPIIE IR 25 R S 0 i A B R R sk
TTPEATTSE . B T A ORME MR 43 B i
AURAE TR, B AS [ A 1 8ok f— 2 it
I
4.6 ZEFHBNBEFIEERK#R

5 GOALS-2 #H ., GOALS-4 #5486 [w] S
Biglife K, 2k T G -F S bR, W kg1
HFEI Cr JLF AT 27840 (HIBRAS I 5 A ) %
e Ci, MBUMEIHGZR TR R 1, 2,

MEG X (B 5) Sk F, B T R
UL ORI 320 fry B AT L L AN R A R v A A
A B BRARES B s AR K20 55 2 B AE
(& 5a~0) , (HPAEE iy 5 2P 3K w28 AR KA



46

PN

»y,
=

Chinese Journal of Atmospheric Sciences

30 &
Vol. 30

30 1
1001

200 (\a)fS

300

5004

p/hPa

700 -
850

20

40

60

p/hPa

90°S

60°S

30°8

E'Q

30°N

A,M

60°N  90°N*

50 1
100 (

200
300

500

p/hPa

700 4

850
850

@?ﬂ

p/hPa

90°S

60°S

30°S

E

30°N

60°N  90°N

50 1
1001
200—
300-

500

p/hPa

700 -
850

&6

0

\.—

p/hPa

90°S

60°S

30°S

E

30°N

60°N  90°N

50
1007
200 1
300 1

500 1

p/hPa

700 -
850 1

)

o~_/
O

(7

()

0

p/hPa

0
90°S  60°S

20
3

0°S

90°N

50
100 1

2001
300

)
2

5001

p/hPa

700 1
8501

P

p/hPa

90°S

&4 Ceg, (Are—~>Kre) ¥e30350 AN, 1070 Wem 2

60°S

30°S

EQ

30°N

60°N  90°N

50
1001

200
300 1

moL

500

700 4
850-

20

il

90°S 60°S 30°S

30°N  60°N

90°N

50 1
100

200
300

(d)

/(

Say \J

500

700 4

850
850

(0

90°S 60°S 30°S E

30°N

60°N

90°N

50 1
1001
2001
3004
500 1

700 -
850 1

i

(ﬂb 20 /'_\_/g

90°S 60°S 30°S E

50 ]
100
2001
300

500 1

700 -
850 1

/\20

90°S  60°S  30°S E'Q

30°N

60°N

90°N

50
1007

200
300

5001

700 1
8501

ey

90°S  60°S  30°S  EQ

30°N

7 A GOALS4; 1 A (@ 7 H(h) GOALS-2 5 NCEP 9258 1 A (WA 7 A () GOALS-4 5 NCEP (Y2418
Fig. 4 Conversion Cg (Ate—>Krte) for Jan (a) and Jul (b) from NCEP reanalysis, for Jan (¢) and Jul (d) from GOALS-2, for Jan (e)

60°N

90°N

«PaD. 1 A@AT7 AMNCEP%E; 1 A7 A GOALS2; 1 A (e)fl

and Jul (f) from GOALS-4, for Jan (g) and Jul (h) from difference between GOALS-2 and NCEP reanalysis, and for Jan (i) and Jul (j)

from difference between GOALS-4 and NCEP reanalysis. Units:

1076 Wem 2

+ Pa!



14 ik EAE . GOALS B KRR IE IR A2 W A7 55 A TRIRRAS 153 4085 2R 1) LU F 5

No. 1 ZHANG Tao et al. The Comparison Between Two Versions of the GOALS Model on the ... 47
50 s TAY = \, ! 50 1 “’""W‘K_ . U™
1001 5 ZAAN 2T 1001 o 40§6 e
2004 100 200 M U
300+ U 3001
< < 30
Z 500 Z 500 2y
] 10 2 /
700 700 - 10
850 850 1
(a) (b)
90°S  60°S  30°S  EQ  30°N  60°N  90°N 90°S  60°S  30°S  EQ  30°N  60°N  90°N
50 50
100 1001
200- 200+
300+ 300+
] [+
Z 500+ Z 500
] __
700 700 4
850 850 1
850 (e} 850 @
90°S  60°S  30°S  EQ  30°N  60°N  90°N 90°S  60°S  30°S  EQ  30°N  60°N  90°N
501 501
100 100
200- 200-
300+ 300+
< «
Z 500+ Z 500
] _
700 700
850 850 1
(e) H
90°S  60°S  30°S EQ  30°N  60°N  90°N 90°S  60°S  30°S EQ  30°N  60°N  90°N
50 50
1001 1001
2001 2001
300+ 300+
< «
E 500 Z 500
] _
700 700 4
850 1 8501
(h)
90°S  60°S  30°S  EQ  30°N  60°N  90°N 90°S  60°S  30°S  EQ  30°N  60°N  90°N
0] 100
200- 0 200
300 4 3001
< '\‘ =
E 500- \ £ 5001
(N9 N N9
700 7004
8501 Y ¢ . 8501 |
, . . : R . . . 0 )
90°S  60°S  30°S  EQ  30°N  60°N  90°N 90°S  60°S  30°S EQ  30°N  60°N  90°N

B 5 B 4, AR KB CRN: Jem 2 Pa D)

Fig. 5 Asin Fig. 4, but for the reservoir of zonal kinetic energy K7. Units; J * m 2 « Pa
Pt oK 2 . B AEER ) R AT S B B mss. 1A ASTNALIE K . 1 BH 2008 U e KA ] A 5 1) 75 22
By, AEPER I B IH 20 AE 30°N Fffim sk, 78 45°N(HE Sg. i MRHbIE R ZERR) . AT

—1



P 30 &

48 Chinese Journal of Atmospheric Sciences

Vol. 30

WA 2 B4 1% 22 L BE AR AR ] B4 2 i ik (&
5g. 1. HZEME (B 5h, ). X GOALS-2 F
GOALS4 255, v kI K, 2BRFUMELE GOALS-
4 Pl ) PR 2 e T RS SRR IR S A R
A T8 4G

IEFEH I Ck, 23K EFE GOALSH Hg
) J PR 2 SR pR T I AT S B S ) 97152 22 U
/D 6by o) BRI, BT RRAS H JRy bR 22 1 0 R

REME R R IE SR LR 22 R TH A I IH A, 33X
ERBUMER BRI . BATEEE . PR
HIRE KA Cre, FUE O (8] 62) FEAS BB RERIAL]
HR (] 6b. ¢ Aot ek @ 247 SO i iy IE R 22
FR) > IR WIRLILN Y I A 103 Bl Bl 28 1) ik e b
SRR BB S R A i s R DR
R BEhRE IR 26 7] V- X shRERY L il 55 . B nT e
SRR AU I Bl s St 55 (& 5b. dL DI E

50 Y—V 0L Y=, <0>0-
100+ _ 0
i )
3001 :.'
<
E 5001
QL
700 0
850 0 k
(@)
90°S 30°N 60°N 90°N
50 0 [ m—
1001
5 & a
300
<
E 5001 -
Q
700 ‘6 VO
850 \\ 0.
: /
107101 134 a ) , , ®
EQ 30°N 60°N 90°N
205 D 0 \05
in 10
o O
0
i
]
£ 0
[N
0
0 OL
A~ o KJ ©

EQ 30°N 60°N 90°N

6 7 Af Crp (Kz>Kre) BEARITCANL: 105 W e m 2« Pa 1) (a) NCEP %2kl (b) GOALS2 5 NCEP 925 (¢) GOALS4 5

NCEP )2

Fig. 6 Conversion CKT (Kz—Ktg)in Jul (units; 1075 W e m 2 « Pa~1); (a) NCEP reanalysis; (b) difference between GOALS-2 and

NCEP reanalysis; (c) difference between GOALS-4 and NCEP reanalysis



14 ik EAE . GOALS B KRR IE IR A2 W A7 55 A TRIRRAS 153 4085 2R 1) LU F 5

No. 1 ZHANG Tao et al. The Comparison Between Two Versions of the GOALS Model on the ... 49
BRI o KL B DL LR i J2 v 2 A R e G AT

4.7 AENBHEE

5 GOALS2 # kb, GOALS-4 B8 iy 22 % i
S E W Kee 2K FME 1 A A 1T Hm (8 D,
5.7 Ay RomugiZb & 2) o i H A AR B W
P o

IHiRA GOALS-2 /1 1 4y 30°N &b iy K JRy i
o KB CH R R Ay 00 1 k) A 21 B0 A 9 e
AE (B A —2, T ELOZ 8 HL IR H b 5° (& 7o) .
JiAR GOALS-4 BRI K il 5 5 KAE 9 07 4%
KB Te) . BARIZA AL X 1R 220 /0, (HAS
P RE A H I ES SR 1/2, JRiE F o2
Kt KA, GOALS4 H GOALS-2 ¥ #33%
SEBR, AR 557N Ab AR b S AR 1 X2 e R E AR
PIAE S AR RE L ok (T 7a, ev e 7 AR
EHMNEIGE KA mIE5 1 A AR, &SE
WL TP AEREA X2 AR A o A 3585 1Y) B AR H
IRAEWI P BR A [n) V-2 20040  45°N, 30°S) AT 15°N,
T KAEMRYE 1 A g5, AT 5K
M2 A X (B 7h) . FOIAR . GOALS-2 7/
BRBAT 2, PN EAS b BEREA I Ok, P
P BT ARG LB KAE (B 7d) . 72 R
A GOALS4 H, m BRI A~ o0 REAS 21 5 BN
FEEL, (HSRERISS, S ERA XN Kei KME
ILE IR I B, B & 65°S, BARILEERE K 45°N
b e RABAE GOALS-4 e i i o (&1 70 5 i
X F e BT R GH 200 B GOALS-4 A
GOALS-2 9%k (& 5d. D, {H GOALS4 7E%A~
Xt J2 TR 43 A T 3 B 2 3 A . 3R T
T R e 2 R 2 B i 2 AP 2 15 22 /I Ok EE ] 7l
DR R EGEE JE GOALS4 1 7 Ay K 2Bk
IE R A GOALS-2 (1 EZLE |,

GOALSA B As iR sl 2l g K & H 22 1) 428K
BUMEHAR b GOALS2 fRfIK (& 1. 2>, 5 0 AH
s GOALS4 B Kre g%, 5% 2522 i
SRR 0 B8 i B B RE M A% 45 I Ce, (Ko 19
BERE R U5 A A S T EE ORI AR K. BT LAIAA
X rh R A2 i 21 31 BE AR RIOTUBUE A R (BT 1, 2) 02
A Kl 22 10 F 2R . Ik B 1 (B &) & »
PR Ko 125 XISE A A R . R S0 i
FABAE Y fi (B LU i AR . GOALS-4 f I
B, X SRR GOALS-4 A 1 bk 55 4 —

=, GOALS4 250N,

RTAPE 2], A RRAS AL %) I 2 P A e I
C,p kg M BRF 0 5 WL AF 5 4 s (BT 1L 2D,
BAREM T IEG 5 A E R (T EiE iy
0) . (HHRBEAR W8 2 3 530 3 AT & & W s 3 =
T BE 7 T} 26 () 20 1) ~F- 2 D R 2 RE A5 5 B i BE . TH
AR GOALS-2 e i @i #0200 R b 20 1
Kse e RIEZ B L E Cr,, kg, M TTRRIE IR {H )R
H B R /N A2 TE I AR AR 46 6 1 sk (L 9b) . AR
fi& Ulbrich I Speth™ ' (i i B, 2 M 5% 5 300 45 K
T T a2 M A E, B Gk, kg, IERERMH
AT Kep R Ry /IME . Kre s Ry i KRAE R B
PR Y Ksp X EL RN K ) Ko (6 B R 7 248
S8R P Jr b A A R A M AR T XA SR SR LAY
KA —Fh B8 AL R R B 345
FPRA . GOALS-2 #525X ih gt BT % 7 i K e K
BN KB IR AR, PRI Cr, kg, 19 R HIE (B
EU UL 4 553 A2 T ABEAR Y. B R AR GOALS4 B1I%
A Cyp, kg, MTTHR L GOALS-2 A ks, (H R
IERTTRRET e GOALS-2 55 . X AN YERE f . (A
J9 1 H 4y GOALS-4 ) Kreft bt GOALS-2 i) (]
8c. ), MM T8k AL I 3l 3l Be 1] & 8 1% 3 3l fig 1)
el Cr, kg, IERIDTER LR 55 OO LLIE] 9b o),
4.8 itig

GOALS-2 JRAS AR 20} 5 1t 06 20 4% 00 11 4 3R AN
SR FTNT I BB A Dk ) JRy b (2 1] - 1) 2o
BT T MY SRR, SR, ARV 2 DL IE A
A IR AR S B _H AU PR A i Jry b i 22 (1) A
HARIH . GOALS-2 5 52 bfi . 25 109 i 22 2 26 1)
SRR Ay A o X I 2 IR R 1) 3 B X L B
55 fH 5 228 ) R EE X L R R . B Uik, &
FEPERG I . ARV AR . BT A2 T A 30
AE I TR R A 00T, by 30 1 2 1 2R Ly
s — A EH W X S i AR PR Y R, R
HAE FEAE R N T

BiA GOALS-4 el TAa 48 H A6 2195
AR IR BERRAS = 25 TR e T BOR
s (H 2 R R 22 A e . 5 e I IR A
FERIASARARIG 25, AHHE AE 55 AL T0URN I Bl A 857 RiE
JR S R STk R AR T AR AR L. SRR E
HIFA SRR s, PR R A T 1R 22 14K



P 30 &

50 Chinese Journal of Atmospheric Sciences Vol. 30

50 504
100 100
150- 150-
200- 200-
(\
300- 3004
2
£ £
£ 5001 = 500
Y Y
2
700 700-
850- 850
\ @ \ . (b)
90°S  60°S  30°S  EQ  30°N  60°N  90°N 90°S  60°S  30°S  EQ  30°N  60°N  90°N
w
504% 50-
100 1004
1504 9 4 6 6 150
20042 g V 200
300 3004
, 2 2 i
E 5001 = 500-
(N9 Q
700 700+
2
8501 O 8504
l " (©)
90°s  60°S  30°S  EQ  30°N  60°N  90°N 90°S  60°S  30°S  EQ  30°N  60°N  90°N
50 5040
100 1004 7/
150 150
200-_ 200
o
300-} 300+
< <
= 5004 = 500
(N9 Q
2
700 2 70041
2
4
850+ 850+ U
)n T T T T T (e) 1“ T T T T T (f)
90°s  60°S  30°S EQ  30°N  60°N  90°N 90°s  60°S  30°S  EQ  30°N  60°N  90°N

B 7 Kl ZEWfi: Jem2+Pa ). 1 H@FM7H b NCEPHEE; 1 7o f7 H GOALS2; 1 A (el 7 A () GOALS4

Fig. 7 The reservoir of stationary eddy kinetic energy Ksg for Jan (a) and Jul (b) from NCEP reanalysis, for Jan (¢) and Jul (d) from

2

GOALS-2, and for Jan (e) and Jul (f) from GOALS-4. Units; J e m 2 « Pa™!



1
No. 1

% 385 GOALS R KA RGPS W T 5 AN R MR T 45 L 1 B 5%
ZHANG Tao et al. The Comparison Between Two Versions of the GOALS Model on the. ..

p/hPa

p/hPa

p/hPa

501
100+
1504
200+

3004

500

7004

850+

=

p/hPa

90°S  60°S  30°S

50
1004
1504
200+

300

5004

7001

850

ﬂO}

p/hPa

30°8

60°S

90°S

_____

5004

0

L\

=
©)

90°S  60°S  30°S  EQ  30°N  60°N

K8 [A]IE 3. HO Krelt @ BiCRAL: ] e m™

Fig. 8 As in Fig. 3, but for the reservoir of transient eddy kinetic energy Krg. Units: J « m 2

THAIHRRAAE A A8

MRS AR RERY EERF- HUCSORE s PSR
AL LN A ) 3 258 LV Dl 58 o EL 050 7 A6

2

90°N

«Pal)

p/hPa

500+

=
é//-%
2\

(o]
(o]

~

s

700-
850-

M ~ED) (b)
90°S  60°S  30°S EQ  30°N  60°N  90°N
50-

100+
150+
200+

\

300+

500+

=&Y 4
NN

2

N7

Sveana

N

90°S

60°S

30 EQ  30°N  60°N

s Pa!

90°N

AP HHLI Cag 1 Cr B TTRR, 1T RL T A 21 i
] 325 25 S FDL i 58 A v e A 4 0

AU RE
Cr REMEZFA ., Hit, GOALS X hIE4

H

At



X " B ¥
Chinese Journal of Atmospheric Sciences

30 %
Vol. 30

50
100

200 1
3001

"
<&
<o

5001

p/hPa

700 1

8501

90°S 60°S

50+
100

200+
300

500

p/hPa

7001

850 \

2001
300

500

p/hPa

7001

8501

5
I A 0,

0

r\o

Ve
(©)

/|

90°S

9 1 AD Crpprge (Kre>Kse) 35 CBAAL: 1070 W e m ™2

Fig. 9 Conversion Ck . K

] 32 25 3 5k S R L 5 EEFR AT T DD 5 . el AT
AT TR R L X B Tz Sl 55 . X R A
5 SPECPT H DXRE R i 20 LA R Z A AR Y
TR A PR B A 55 (AT RE 2 S 8k R D o IR
2> GOALS FREAR 26 £ 1 25 0 32 119 S5t X m] i J2:
52 B SRSV FE P A i 583 B4 5 o) ) A A
A RN H R B R R . AR A =4k
23 [A] AR AN [ AR 26 OGO EA T A 0P A = i 3
MBI AR . RUIE. A 2R 0

(K1g—>Ksg) in Jan (units: 1076 W«

60°N

EQ 30°N 90°N
< Pa~1): () NCEP %k} (b) GOALS2; (¢) GOALS4

m 2« Pa1): (a) NCEP reanalysis; (b) GOALS-2; (¢) GOALS-4

AL BAE 2RI

GOALS 522 i 2 B REAE 25 [1] - 33 @l iy
IR AL W] 5855 T A A 26 3t DX 2 5 i
5o 5 BT SRR SC B S 18] P 2 Sl RE FR R (B
PUIE O BA L A% . Mt S i R LF- 58 2 0H
SR AR F 2 A A A 2 R ] AL IE A
Arpe il Klinker™ 4 tH AL . 4 0] P2 2000585 1
AR SRR 2 KPR LS S B i EL B
& DRI AE R BE— 22 ek . AT E A K Bk



14 S GOALS B b RE R AG R 12 W 20 5 A8 [R) REUAS 358 285 SR LU SR IT 5
No. 1 ZHANG Tao et al. The Comparison Between Two Versions of the GOALS Model on the ... 53

A2 SR AR L UL 11 - Sh BB B T 2K
WAz g gtk . B IE 4RI Cr, 1955 5
TE 5 73 BEAR ) ECMWE Ay 55 PR 3 i 5 ek
R X ATRER T GOALS #:X R15 43 B
Xt Sl R B S8 e o Ar . e
PRt 25 RN % RE A W A e 7

5 #ig

KARE RIS 73BT A2 AR R < &
SR — MR GG T, BARRERIEHASEN
SBROF- BB T Ak 5 GOALS X, {HAE
S RV R A5 0 26 ) - X DR BR A A R R
PHEMCGE FEIR IR, LAO2 Wi S8k r &
ARG P AR R

R A RAS LR | BB IE A b ASE40L S 4> BR A
PRI EBRHE, B4 10 A RUALRE (AL 1) 5 5 il
WA A Sl S BE (Ase B Are) e 4, 1R Sh A 30
RE 1R 2l S RE A5 4 ( Ci, A1 Ce ) T HLBRAR 10 30 5|
R RE LRI . 2 H I sh AR AR 103 3l A3 AL
Al (Ase Al Are) 19178 T4 5 K BOH 4 19 RE 2 1E
P Z (AL R AR 48 19 T 1) 2 B A 5 W B 87 e
T8I0 (Ase) ] I A2 165 ) A 3800 BBV 35 900 (A ) §%
e, BRI BB RE B I (Ke) K2 H iR sh )
REE T (Ks) 19 2 f5 (1 A E 357 Ay . 1E
JEEAS T 18] (Ciy s Cr, ) 52 IR ) B B 1) 26 1] V- 34 3
R

ASCRE AN IR A (GOALS-2 Fil GOALS4) 1y
HARTFFELS B4R . GOALS-2 [H A B 45 4 A 481
SRROFBME R 5 R AN RS s iR 2= 1A BT 45
B B, GOALS-4 5  H BE i J&y b o8 i 1) i 5%
TE—SEE LT 38 7 RERPUMEMEIR . il H AR
S EAL T 51 AT REXT BE IG5 2500 R b
TRk & AR . A, S 1SR R RE (A L)
16 157 735 3 Bh A5 R BE (Are) IR B 3% Ca, FNIGE
AR Bl B BE (A 1] B A2 163 31 3l g (Ko ) 1 4}
JEEA A Ce, DLGE R W 3lfe K ()5 b 5T kA
Ui

R P RRAS P R R L XA B 52 PR i) B THE 3
JEARLALL 0 26 [0 X545 507 BE 5 26 1) SR8 BhRE = TR) )
eI C, 2 BRFUE R ) FE R, B
kA5 06 3 3 R 1) FE IO IR I i B it A% ik 2 1 e
Kooe FEULIAR A, H. GOALS 2 H 2037 B i i 1)

TE RSN BIRE Kee e KA AL O RARC. PR i 1B 4
W BEhRE I 2 7 i Sl S RE R B4 Cre, e, BRI IE
DR ECULIN B e A 55 . RIS S AN s sh e 2
[ ) TE R AR SR e X U305 4 JE 9 5 ek
i

fiix XSEEBAISHHEXR

_ x (I [T]
y = (5Tl e (AD
Azzzgédﬁﬂgf{T}ﬂ, (A2)
Ap = Asg + A (A3)
g
A = i[ﬁ], (A5)
K; = Zig([ﬁ +[», (A6)
Kg = K + Kres (A7)
Kg = ZL[FJFFL (A8)
g
K = i[FJtW], (A9)
Cr, = Lo T 1L [ 7.
8 rdg
2 (17— T — R (T (T
5 (TI=(TH = AT —(Th ],
(A10)
Ca :71{[7)T]M+EwT ]'
T g ragp

D r gy R
5 (TI=TH = =TT |,
(A1D)

Q:4m—mmWJﬁﬂQ%mmm
4R
Ce, =" TV ] —, (A13)
» g p
gp
Al —_ % — % ;7 u — % —% —
Co, = (Lo 120 4 o7 ]
g rde
04[50 102 [0 ]« L]
r rde
tgo . wqdla] o, .q9lT]
” + o a] ap +lw 7" ] 9p ),(A15)



P

30 &

54 Chinese Journal of Atmospheric Sciences Vol. 30
. 1 < (:)[u] [9] Lau N-C, Oort A H. A comparative study of observed
(’K'l‘ o g [ ] + I: ] I:Ll] Northern Hemisphere circulation statistics based on GFDL
— and NMC analyses. Part II: Transient eddy statistics and
189 4 [707] M—[W ] [o] B2+
r TagO r the energy cycle. Mon. Wea. Rev. , 1982, 110; 889~906
(,)I:u] (7[“(7] [10] Ulbrich U, Speth P. The global energy cycle of stationary
I:(U u :I + I:(U ] aj) ) ’ (A16) and transient atmospheric waves: Results from ECMWF ana-
= — lyses. Meteor. Atmos. Phys., 1991, 45. 125~138
Y T 1 9T~* T aT* :: \ o ' L
Copre = F (T ross on 79T g ) U] R SR X, % LASG KT RITRS:
(A1T) B (GOALS/LASG) J HAUBITE. B AR 4. 1997,
B (KT 15~28
Ci. ko = l <u u 1 du” « du” Wu Guoxiong, Zhang Xuehong, Liu Hui, et al. Global o-
TE Kse - .
& rcosg IA 7’(’)90 cean-atmosphere-land system model of LASG (GOALS/
W% .7 SQ +"_M 37) o LASG) and its performance in simulation study. Quart. J.
7"(50 Appl. Meteor. (in Chinese), 1997, 8 (Supplement Issue) :
. 8o . M 1 Jo” 15~28
(Wu ] B +uo e > (A18) ’
r rcose IA [12] Zhang Xuehong. Shi Guangyu, Liu Hui, et al. IAP Global
H IZFI , K= R/(’P s Cp j‘jKEr [:[3““ , R ﬂ{]/ﬁﬂiﬁﬁ , g Ocean-Atmosphere-Land System Model. Beijing: Science
TR p B r HHERETE o Pres, 2000 252
N gy N oy . N (18] kfig. "AMRRGEPRTRRE MR, Jbat: HEBER K
W], T MU, TR w HEhm R, v hE
. e S R - N W T 28 S0, 2001, 200 pp
R o P AR I—F%EJ‘—E > ¢ AL 2 AL Zhang Tao. Atmospheric Energetics of the Climate System
E s Y %%ﬁ%%§§ﬁ9 T %%/T\‘ x E’\]HTJ'IETJSPi"{](fE (in Chinese). Ph. D. dissertation, Institute of Atmospheric
T%‘»%Bé}) , < %‘:Zﬁl—z‘l‘ﬁj‘ I‘ETJSIZ;H}J E/\J%% ( ﬂﬁg%%ﬁﬁj\) Physics, Chinese Academy of Sciences, Beijing, 2001. 200
() BRI, LR RTEY, o % &
— [147] Liu Hui, Zhang Xuehong, Wu Guoxiong. Cloud feedback on
7855 26 [ - X ) Al 2 . o IR .
SST variability in western equatorial Pacific in a CGCM.
%%iﬁk (References) Adv. Atmos. Sci. ,» 1998, 15: 410~423
[15] Rossow W B, Schiffer R A. ISCCP cloud data products.
[1] Lorenz EN. Available potential energy and the maintenance Bull. Amer. Meteor. Soc., 1991, 72: 2~20
of general circulation. Tellus, 1955, 7. 157~167 [16] #b&, #KH,. Fide KRS H A R151L9 S gk
[ 2] Saltzman B. Equations governing the energetics of the larger }k%ﬂ . ERA4, 1998, 17 158~169
scales of atmospheric turbulence in the domain of wavenum- Shao Hui, Qian Yongfu, Wang Qianqgian. The effects of the
ber. J. Atmos. Sci., 1957, 14. 513~523 diurnal variation of solar radiation on climate modeling of
[3] Oort A H. On estimates of the atmospheric energy cycle. R15L9. Plateau Meteorology (in Chinese), 1998, 17 158~
Mon. Wea. Rev. ., 1964, 92, 483~493 169
[4] Lambert SJ. Spectral energetics of the Canadian climate cen- [17] frksm, sk, —ANBENBSEBETE. B Ei,
ter general circulation model. Mon. Wea. Rev. , 1987, 115; 1998, 43, 866~870
1295~1304 Yu Yonggiang. Zhang Xuehong. A modified ocean-atmos-
[ 5] Sheng]J, Hayashi Y. Observed and simulated energy cycles in phere coupling scheme. Chinese Science Bulletin (in Chi-
the frequency domain. J. Atmos. Sci., 1990, 47. 1243 ~ nese), 1998, 43. 866~870
1254 [18] Yu Yongqgiang, Zhang Xuehong, Liu Hui, et al. Schemes for

L6]

(8]

Kung E C, Tanaka H. Energetics analysis of the global circu-
lation during the special observation period of FGGE. J. At-
mos. Sci. , 1983, 40 2575~2592

Sheng J. Hayashi Y. Estimation of atmospheric energetics in
the frequency domain during the FGGE year. J. Atmos.
Sci. » 1990, 47 1255~1268

Sheng J, Derome J. An observational study of the energy
transfer between the seasonal mean flow and transient ed-

dies. Tellus, 1991, 43; 128~144

[19]

[20]

Coupling the AGCM and OGCM. In: IAP Global Ocean-At-
mosphere-Land System Model. Edited by Zhang X et al. Bei-
jing: Science Press, 2000. 252 pp

Arpe K, Brankovic C, Oriol E, et al. Variability in time and
space of energetics from a long series of atmospheric data pro-
duced by ECMWF. Beitr. Phys. Atmos. , 1986, 59. 321~
355

Oort A H, Peixoto ] P. The annual cycle of the energetics of
J. Geophys. Res. .

the atmosphere on a planetary scale.



1
No. 1

ik EAE . GOALS B KRR IE IR A2 W A7 55 A TRIRRAS 153 4085 2R 1) LU F 5

ZHANG Tao et al. The Comparison Between Two Versions of the GOALS Model on the ...

(2]
al

[21]

[22]

(23]

[24]

[25]

[26]

1974, 79, 2705~2719

Ponater M, Frenzen G . On the numerical evaluation of the
energy conversion integral. Tellus, 1987, 39 515~520
Simmons A J. The forcing of stationary wave motion by trop-
ical diabatic heating. Quart. J. Roy. Meteor. Soc., 1982,
108 503~534

White G H. An observational study of the Northern Hemi-
sphere extratropical summertime general circulation. J. At¢-
mos. Sci. , 1982, 39. 24~40

Wallace ] M. The climatological mean stationary waves: ob-
servational evidence. In: Large-scale Dynamical Processes in
the Atmosphere. Edited by Hoskins B J, Pearce R P. Lon-
don: Academic Press, 1983. 27~53

Ulbrich U, Ponater M. Energy cycle diagnosis of two ver-
sions of a low resolution GCM. Meteor. Atmos. Phys. .
1992, 50. 197~210

Guo Yufu, Yu Yonggiang, Zhang Tao. Evaluation of IAP/

[27]

(28]

[29]

[30]

[31]

LASG GOALS model. In: IAP Global Ocean- Atmosphere-
Land System Model. Edited by Zhang X, et al. Beijing: Sci-
ence Press, 2000. 252 pp

Zhang Tao, Wu Guoxiong, Guo Yufu. Energy budget bias in
global coupled ocean-atmosphere-land model. Acta Meteoro-
logica Sinica, 2003, 17: 287~306

Zhang Tao, Wu Guoxiong, Guo Yufu. The diabatic heating and
the generation of available potential energy: results from NCEP
reanalysis. Acta Meteorologica Sinica, 2005, 19; 143~159
Arpe K, Klinker E. Systematic errors of the ECMWF opera-
tional forecasting model in mid-latitudes. Quart. J. Roy.
Meteor. Soc., 1986, 112. 181~202

Boer G J, Lazare M. Some results concerning the effect of
horizontal resolution and gravity-wave drag on simulated cli-
mate, J. Climate, 1988, 1: 789~806

Boville B A. Sensitivity of simulated climate to model resolu-

tion. J. Climate, 1991, 4. 469~485



