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Abstract

A coupled atmosphere-ocean-land model., GOALS-AVIM, is developed in the Institute of Atmospheric

Physics (IAP), and its performance is described. The coupled model is based on an IAP/LASG climate model

(GOALS) and a land-surface model with dynamic vegetation processes (Atmosphere — Vegetation Interaction Mod-

el, AVIM). It has been run 100 model years and the last 40-year output is analyzed. The coupled model (GOALS-

AVIM) simulates some significant interannual variability of atmospheric circulation and terrestrial ecosystem. Using

singular value decomposition (SVD) analysis, the relationship between ecosystem and atmospheric circulation in the

East Asia is explored. It shows that the strengthening and weakening of East Asian monsoon characterized by the

geopotential height at 500 hPa and the wind field at 850 hPa correspond to the spatiotemporal pattern of net primary

production (NPP). The correlation coefficients between NPP and air temperature, precipitation and solar radiation

are different in interannual variability because of the variation in vegetation types.

Key words

1 3|7/

AR AU RGN THZ —, BRT R
AR Z A, B G R T ok L K
i Th A QA AU e R e o AR AU, 0 T A AU
HRed s AT AR — > AR 2 5 B A 2 A SR AR AT LA
A F A U A 2. AR S BB
PR Sk 2 2 ) 0 A B AR (Lorenz et al.
1955; KAHAF, 2006) . AATHE UM & G N i 2 1]
FRAH . S A4 T O TS T K& i FS9E (Charney et
al. , 1975; Schlesinger et al. , 1991; Sellers et al. ,
1997; Pielke, 1998; Cramer et al., 2001; Brovkin
2002; Sitch et al. , 2003), Brovkin (2002) $§ H <
fo PR 7 2 4 i R ERAE B A ) R R, g ok
B0 A8 A 30 5 A ot T ) R R DR R KAk
e 7B U C A U Tl (e

R S e K BT TS BT (TAP) ] 1993
SETF AR WT R F K 8 TR AR . R T VKRR
T AH EL AR FH Y 42 R 45 R B X GOALS (Global
Ocean-Atmosphere-Land System Model), %5
SETE — A 20 JZ I ¥ P69 B8 X (Zhang et al.,
1996) Fl—A4> 9 B RAFWIHEE A (Wu et al.,
1996) 3Ll Bk AR R M. Liu et al.  (1996)
e bR AR ) 2 M Al Ok, B AT K R
S (1998) HE— Dk TR MG, i
] 7 B R O R A S X T TR B
PRI o R, AU A B o £ A Wy st o i, 51
i s SR S G OB U R B R S
J7% (Liu et al., 1997, 1998); f&%J5., XNIhHh
T TS RAEX SEEEXNES, BIE

interannual variability, coupled model, AVIM, two-way interaction

T T A B I - KRR A R R
(R EMEE, 1997),

bt 5 455 5 43 R v RN A B AR ek, B C
AT A B RLCR A (R 5
&, 2004a) , FRHIE S A R A O B T R
b A, Ay Il T A ) OR R R ) AH ELATE AT 5T 8L
FE TR HAPES 3R T (1995) FEHAHE
PR M EAE R (AVIMD, 3% i i 1 72 52 30
THABRGEMAMEREZ MR G, HAh—
B A, W SiB2 (Henderson-Sellers et al.
1996) F1 LSM (Bonan, 1996), REHS Al DL
Mg S KRR ZEMHBE KL, BHEMNS
AVIM A b 3 %2 22 I 75 T H A 9CR AR 2 800 4 742
ERGEN, A2, i AVIM
A 1) A% b bR A B A R RE SR AR R B A
WA, SEELT RS EAE R ()
BisE, 1999), HET AVIM g 4 5o 5B b K
SYEME R E) TAP/LASG LIRS KA A X
SERL T YR (Dan et al. , 2002) FlA4 43 18
(Dan et al. , 2005a) BY#EH . ST Rl <O BAE
PR WA, . AVIM 5 kR
(SAMIL R42L9) #8 4 (Zeng et al., 2008a,
2008b) 5 NI 5T A A A A B B A EAE T . 4Bk
i b 2E A R G e OB A B AL TR A E S T AL

AR AT ST R A B A =, /P
MRS M EAE AR (AVIM) 5 RS H R
(AGCM) | R (OGCM) #4, 5Bl 1
A Bk RSO A 8 R (GOALS-AVIM) ., # i
GOALS-AVIM 7EAE B~ R AR ) /R 35 5 T AL
TRFFAE , ZERHT R R A i B il 1, BB ST AH 56 )
R AERR RS . B R M X S R



54 B . — Al OR8PS B R A B A2 Al B HAH LA

No. 5 ZHI Hai, et al. Climate - Vegetation Interannual Variability and Interaction in a Coupled Atmosphere-... 9511

G SRR ) (NPP) ARG &R

AT BT TE H B AR SO SR 1 R A
HTMERF T EEA LRI F=1—
TR VAL TR A R AR PR S A RO B RE 15 5
R MR A . Y R T R
NPP 4R R SR R . R B e BRI A2 A
xRl I NPP g RT . A R 4 B (A S AR
B KF H=EE XA F A BRI XE NPP 5
BRI CH  OK PH R S 0 4F PR AR 1 56 R R AT
TOrMT. TEMCHERL b RTE T AR AR X NPP )
AL

2 BEABNMRERRETR

A SCAE 2 30 GOALS-AVIM, £ 3 A
1 AGCM g 15 22 I B, T H 0 9 )=,
KOF Gy BESR O 7.5° (&) X 4.5° (4 JE);
OGCM e B AW 43l 20 2, Ko HEh 5°
(BJE) X4° (FHE); AVIM 48R A 1.5° X
157, BALHh 3 )= L. 1 JZ MR 12 FiAE o
A, R R B 8 Tk E . RIRE B
FEoKR ol &, R THE . MPUE)z. hHER
JE TN AR 2 0 R DL K S K R AR
o B P A AR AR G AVIM B &
A MG NPP A& (FHAI, 2003). i Tk
AR T FE ARG, A O B R R PR
KT T 7 ) B A% iR E RS 7 (Dan
et al., 2002) . &AM S s 17 19 Fr 2
VE R HE & KR & o B0 i Y, 1 2547 100
AR RS 40 AR AR BEAT 0T .

HhE IR X B BEORE SR A 1949 ~ 2006 4
NCEP/NCAR B 7 #r & H % ¥l (Kalnay et al.
1996), MIKEATHEZE 2. 5°X 2. 5°, FEIK X H %R R
FJ 1979~2003 4= NOAA CMAP [Climate Predic-
tion Center (CPC) Merged Analysis of Precipitati-
on] A ERZE H BRI R PR 2,57 X 2.5°
(Xie et al. , 1997),

3 RO

3.1 HERTHK
WoE B (BEXY5E, 1999), HHEE A A T

TR 3o T X K B O AROBAR R ) B 1
AR R 2 5 KA K RS e, RS A A X
AR BRAS A B RS AL TT Al B e A B b T AR R
K5 NPP., hy 1 4 Ml & #8582 i 3 10 48 PR 2 Ak
FROE s 43 03t 53R B AR o 7E B — A A% sl B bR
W2, LA AAR TR Y SR A GOR 5O B
ZRMFEPRBL N Gt R, R T 5 EREHE
HF B IE B (B FE 4. 2004) . XFF & — 4%
Ko HBAT LA B — A 40 AF AR SF X 50 0 B R Y
G, XFF NPP, nfii fR 48 % (LAD ., Hb i <O
KEKBERE, 40 BIE T B i br AL AL 3, X5 AR 3R
A PR A I AR 1 22 04T A0 T L3

301.1 BB AT H LSt EARIEHK

MEL L F B A B AR A 2R 4 B X
NPP 5 LAT bpifE 22 0 FE ] A 8 s i
FHAL, BP NPP #l LAT % KAH X XF i NPP Al LAI
PIPRUHE 2 I RAA X . RZ IR, MFEFEBE . VKR
12 0 7 T A S A R X, AN e NPP O {H K
AN, BRUEZEABAR /N, I AR bR AR AR AR /N, 7E
e Bk, NPP ARk 22 09 KAE X 43 A 76 75 48 F1 I F
AR T DL B b 26 i AL 38 . 3 2 b X 4 A 1 &%
BRmRAR FERCPENT R, BIEERER . hRER R
VRS A 2 K 52 R . NPP Y 4E P A8 AL AR
/N, NPP FRHEZE R 6~12 Z[a]; Jb2EER NPP 4%
E2ZE M e KM BAE P 2 & by Bk 18 /2
fio dbalER NPP AR Uk 25 B9 /IME X 530 10 76 4% B 22
By TR IR BT R AE A AHORE rvD BE IX I L
B TR ok S5 o6 sl 8 T X, H AR D
P 2 BRI 5 (B XA % 3 BT 10 A o 3 R e S
W Sh b SR, AR B R A b, R
fEER L 20, WORFI AR AR NPP (EAR & . (HARE
ZEHNAR /I, PR OR 3% M XA B W AR A R O RE S Y
K,

NPP F1 LAT #5 #f 25 1) 42 BR 43 A 55 25 E % AH
L, IWABKMEERE . NPP A LAT A AR 55 i1 A 15
FHIE 3K ST A o 1) 2 2 2E R AT LA B i
B (Dan et al. , 2007b),

3.1.2 A@AERY

Kl 2a iy GOALS-AVIM #5401 2 T < il A 1
25, WS4 A bR 5 2 10 il B2 S5 35 1 43 A1 A
Aol AR AW AR Br AR Ak 1 bR o 25 35 0l K
F L . X SR PR O A2 T T R R



] 5 B & O % 14 £
512 Climatic and Environmental Research Vol. 14

al(0)
120°E 180°
180°
90°N g-mZ-a’l(C)
; ' = . 1200
60°N { G - S K 3 1100
Bz o0
SO N * 900
“ e ¢ » 800
L N : ~ 600
s = . 'y 400
N = 200
: 100
50
0
180°
‘ 10
’;1 S ~ 9
e 8
» 7
6
5
4
3
2
1

60°E 120°E 180° 120°W 60°W

B 1 (a) NPP. (b) LATAEPRASHAEFIgbREZ M s BUBEIE (o NPP. () LALAEFEARE
Fig. 1 Annual mean (a) NPP and (b) LAI ; global distribution of the standard deviation (STD) of (¢) NPP and (d) LAI

R R AE R 26 B I PRI S X, AEBR AR bR IR AERR AR AR LB/ s AR R AR K Bl SR L OKOK 2
MEZETR, TTRE S KA AE PR A8 oG, mifEdt MBI, i TR KA AR PR A AL T W R TR AR
iSESIDNE B RS P e B A TR S o 1 97 S B R PrAsfl i br 22 R (ATak R, 1997) . R\



54 B . — Al OR8PS B R A B A2 Al B HAH LA

No. 5 ZHI Hai, et al.

Climate — Vegetation Interannual Variability and Interaction in a Coupled Atmosphere-... 513

T bR 22 R DA N R ER M B, R g
b DX AT o AR Ak b o 22 B S AR L X ok, O
i 1R 08 3 5 R R AR T AR T 1 DX AR R Y AR
E2E  QnAE R ) IV 74 B % 0 15l DR B T R D
P o 25 B ALK

SRR (B 20) s 75 BB 43 DX Sl A 4
AOAEL D /I o A B 6 A7 26 X IR 0L 1) AN 05 47
JE LA b A /N R B R, U B ASE = e 1 Vi
[ (SST) AR B A8 A X 3% 18 T 19 4F By 22 £k
HEZERW ., EFF RIEEER (RS0,
2004b) ,

90°N

MAEA AVIM R Ja 2 i b v 22 1 3Ok
A (A 2a, by, BT BERE AL 3% 17 R AR
PRAZ AR LA 3 A R AR . A LET . M AT S AR
AR APLA b o 22 AR 5o+ T EL O DX A o oo 26 2
JEHCHIE . 55 AR v 22 R AE AP O B {0 B A 4L
ANHERS . b 1 22 i 9 B9 Bk LE i 3 RS AVIM
JEAT BT s W, HE AVIM JE £ 7 #0R 5P
D BT RAEL X, 5 SEMAR AT . TR 5 Al 3 A A
P X — b, ERFEEL BTHEET
AVIM, HBEAUEE R R & arA Br k. s 2 R
TR A AT, (E )00 A R e . R R A

60°N I=Z N

30°N PA=

—

O ’/_/\ L - R
60°S AT ===l 04 8.8=—
NSy 5’€ff§§%%§$%g>»~
0005 |_S0A> — = = : e o — . = |
0° 60°E 120°E 180° 120°W 60°W 0°

%}Q

4.

— . n
60°S P-4 0.601/33 Cogm—m  ——————— 0-6{1@ [an)
el gy e o> ]
. —"505 =08 -

—

— =

0° 60°E 120°E

180° 120°W 60°W 0°

3008 P4
0.2

60°S

90°S

0° 60°F 120°E

B2 RRREWARAEPREZ M (R0 0 (0 ME AVIM S

180° 120°W 60°W 0°

(b) #& AVIMfi: (o) NCEP F4M7 ¥ 4
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tion, shadow is the area passing significance test
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Table 2 The SVD of NPP and 500-hPa geopotential height
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Fig. 6 The first pair of eigenvalue of SVD of NPP and 500-hPa geopotential height: (a) the left singular vector of NPP anomaly; (b) The

right singular vector of 500-hPa geopotential height anomaly; (c) the time coefficients of SVD of the left and right fields (solid line is for the

left and dotted line for the right)
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Fig. 7 The contemporaneous correlation distribution between the time coefficient of the right field of 500-hPa geopotential height and sum-

mer precipitation for the first eigenvalue. shadow is the area passing significance test
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Table 3 The correlation coefficients between terrestrial NPP
and climate factors ( precipitation, surface air temperature,
and solar radiation)
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