58 2 Vol.58,No.2
2000 4 ACTA METEOROLOGICA SINICA Apr.,2000

:SSiB TAP/LASG

LI9R15 AGCM
LL, \
K *E® I
( , , 100081) (
(LASG),  ,100080)
SSiB IAP/LASG L9R15S AGCM 10 a ,
: SSiB , _
- (SPAC) ,
CTL-AGCM ,
s AGCM s
(SSIB-AGCM), s s s
“ (water gap)”,

* 11999 1 29 11999 9 1
“ " 4963170)



180

58

1960 AGCM ,
, (Bucket
model) )
AGCM
) , 1980 AGCM
) SiB ( Sellers , 1986)
BATS (Dickinson 1986, 1993) , 20
(SVATYS)
[1.2] ’ —
PlAGeM
) A GCM )
) IAP/LASG
L9R15 AGCM , -
2
) 9 15
4 48x 40, 7.5°% 4.5°
o 991 hPa, 10 hPa, 3 800 hPa ,3
200 hPa ,
k- e ,Manabe ,
Monin-Obuhov s s
) ’ CTL-AGCM
- - (COLA)
(SsiB)' 3
: ", 11
2 cm 0.2 0.5m 0.3 2m ,
Kuchler(1983) Matthews (1984, 1985)

B

20



181

) Dorman  Sellers(1989) Willmott  Klink(1986),

LAI Klink  Willmott(1985) SSiB
AGCM ,
SSiB-AGCM
1979 1988 SST
: AGCM
0. 85, 0.25;
AGCM 10 a
(SSiB-AGCM) ,
(CTL-AGCM) ,
7
AGCM )
3
, (recycled precipitation)
(precipitation recycling ratio),
Budy ko
U Budyko ) Brubaker
Budyko ) '
Eltahir  Bras , R
[10]
la,b
1 2 (26 36°N)
30 32°N,92 96°E 1 26%, 2

1 1% 2% ,

SSiB

CTL-

Drozdov 1953

, Eltahir Bras

,  Brubaker

28% , 2



182

58

40°N

38 1

36

34 1

(a) XK1

/1,
I

72
(b) [Xig2

36°N

314

324

301

28

26

24 1

22

(c) FLAaHK
°N

T 1 16
/ 1

T

16 ~J

16
18

-

§16
20
22
\
1 L T
72 80




2 : 183

4.1
7 2a,b
2
CTL-AGCM 120 W/ m
, ;  SSiB-AGCM
2
R 80 W/m s
CTL-AGCM
2

¥ "\2("]? H il ik W/ im ) CTL run B0'N
H0°NE— -~ —— i

60 ! abT™

30 30

EQ EQ

40 30

604 Gy . -
] T - . q”“}: 130 oW 0 S0°E 120 I 180

180 120  G0W 0  GO°E 120 180 S ity Rl s
'_Jl)‘-\'? H ot B W /m®) LSSIB run H”"N? R B CW /), SSEB run

L F ] o SRR

6} 2 0’ ) =,

3t
EQ — it I e gl

301 Bo 0 Bace & M)

Gk = =% _ L — ﬁ g .
90°S 90" —p—_ <
% 180 120 60°W 0 60"E 120 180 60°E 120 180

BN SSiB—CTLL

P \ - o _ e ;
180 120 G0°W 0 G0'E 120 180 180 120 60°W 0 60"E 120 181
2 IAP/LASG CTL-AGCM ( ) SSiB-AGCM ( )
1979 1988 7 (Wm™?) (SSiB-CTL) ( )
(a. ; b. )
> 5 , SSiB-AGCM
CTL-AGCM , 120 W/m”
180 W/ m’ ;  CTLAGCM .
40W/m” s SSiB-AGCM CTL-AGCM

80 W/m’



184 58

(3 SSiB-AGCM -
35 , 5 ; CTL-AGCM
, 50°N \ , 12
4 SSiB-A GCM CTL-AGCM

ta) CTI. run

90N

60

FQ

30

50

90°85
18¢

(h) SSiB run

GUN

4
30

FEQ A

S50

i)

9075 T T T
180 120 50°W

<
(o2}
<
o
o)
=
v
<
—
0
<

HOYIN

G0 1
30

EQ A

8O 120 60°W 0 60°E 120 180

3 IAP/LASG CTL-AGCM(a) SSiB-AGCM(b)
1979 1988 7 () (SSiBCTL) (¢)



185

CTL-AGCM

B

B

B
5

5 hPa
SSiB-AGCM
(Qsul @ < 0)

B

(a) CTL run

2

B

CTLAGCM

[11]

CTLAGCM .

90°N

60+

30 A

(b) SSiB run

H0°N
A0 1
30
EQA
30

60

90°S -+
180

1'20

4 IAP/LASG
1979

1988

CTL-AGCM(a) SSiB-AGCM(b)
7 (hPa)



186 58

2. 0mm/d , ;
4.0 mm/d SSiB-AGCM CTL-AGCM
8.0
mm/ d , 4.0 mm/d
) 2. 0mm/d

6 ,7  SSiB-

ay CTL
L CTL run

I

$0 4

N
EQ L T
B e

S0+

U -

Uiy ——

90°"s + y

180 120 GO°W 0 " G0E 120 18O
(h) SSiB run

90*N

60
30

EQE

T T T T La B 1
180 120 ROW 0 60°E 120 180
o, (2} SSIB—CTL

10N

30

Nop

604

q0°S r * - - + r T —
180 120 BO'W M) HO°E 120 180




187

AGCM CTL-AGCM CTL-AGCM

20% 60% ( 6a) SSiB-AGCM
25%

10 £
201 4
EQ
20

o 4

K0S
180

S0°N

Bl -I ) --’

10 4=

IU-I

675 4— - - e . v . - : '
180 120 50°W 0 60°E 120 180

6 IAP/LASG CTL-AGCM(a) SSiB-AGCM(b)
1979 1988 7 (%) (SSiB-CTL)(¢)



188 58

() ( 2a),

CTL-AGCM ,
, ) (
)
, 2500 km
359%"", 2300 km 25% "
[12]’
9% (7% ) ( )
SSiB
4.2
CTL-AGCM  SSiB-AAGCM (PW) 7
SSiB-AGCM CTL-
AGCM ,  CTL-AGCM
PW 55 mm , 5
SSiB-A GCM 20 mm , ,
s W 50 mm
; CTL-AGCM 10 mm :
CTL-AGCM ,
SSiB-AGCM PW ,
SSiB-AGCM 20 mm
( 2a),
PW () () (5 .
( ). ( ) ) ( )
8a, b CTL-AGCM  SSiB-A GCM 7
CTL-AGCM  ,SSiB-AGCM
(50 110°E) :  CTL-AGCM (0
110°E) ( 8a) SSiB-AGCM
, SSiB-AGCM 7 1

2 3.6 ( 2 12), : CTL-AGCM



2 : 189

0 29.62 cm, 7 SSiB-AGCM 20 72%
43% 7 8b , SSiB-
AGCM

) ) ?

(a) CTL run

¥
180 120

90°N
602
301
EQ %

304

T T 1 L) T
180 120 6U°W ¥l GU°E 120 180
(c) SSiIB—CTL

90°N

6047

EQq _
304

650

1Y — r T r T T T
180 120 GO°W 0 SO°K 120 180



190 58

B

CTLAGCM )

(hy 7 A /KK EEE CTL run

S0°N

661 s0f Al Tm SRy =i o] Iy’
. = w\b oF 71t

30 30 . - ] ‘ znﬁ/‘;n/’mo
EQ EQ < s, . 9

QU QY . I8y '50 ] S ,,M

30 30l ' 57 5/”)/" A

60 60 0 e

£ e P 1 ;

T _, ; B Y e .

g0 120 6OW 0 6°E” 120 180 180 | 120 | 60°W 0 6O°E 120 180

N 7 )] ﬁ”"ﬂ*:ﬁmiéijéﬁ’ssm run : 90°N

6013 = 60133

30f 30

EQ: ; EQ

30 3 30

. e
TR /_"_}-% 90°3

180 120 60°W 0 60°E 120 | 180 80
8 IAP/ LASG CTL-AGCM( ) SSiB-AGCM( )
1979 1988 7
(a- 5 b kgr m™ s D)
4.3
, {(v-oE- Py
9 ,SSiB-AGCM

()

( ); CTL-AGCM

14.0 mm/d

, ,GOALS/LASG ,
5
IAP/LASG GOALS 10 a s
10 a
SSiBAGCM , 5

CTL-AGCM , , SSiB-



2 : 191

KO°N

604"
40
20—‘

EQq

BO°N

60
[0+
204,
EQ
20
10 4

60

S80S

81

JON

e

40

30

~OS 5 — T T - - 1
fs0 120 GUW O 60°E 120 180

9  JAP/LASG CTL-AGCM(a) SSiB-AGCM(b)
10 a (SSiB-CTL) (c) ( :mm/d)

AGCM CTL-AGCM ,



192 58

11

12

AGCMs s
CTL-AGCM
2 C’l/' ,
1/4 Bucket
29.62 cm )

Cess R D, Potter G L, Blanchet J P, et al. Intercomparison and interpretation of climate feedback processes in 19
atm os pheric general circulation models- J Geophys Res, 1990, 95 (D10): 16601~ 16615
Randall D A, Cess R D, Blanchet J P, et al- Intercomparison and interpretation of surface energy fluxes in
Atmospheric General Circulation Models- J Geophys Res, 1992, 97: 3711- 3724
Dickinson R E. Land-atmosphere interaction. U S National Report to International Union of Geodesy and
Geophysics 1991- 1994. Rev Geophys, Supplement, 1995, 917- 922
Wu Guoxiong, Liu H, Zhao Y - C, et al. A nine— layer atmospheric general circulation model and its
performance. Advanced in Atmospheric Sciences, 1996, 13 (1): 1- 18
Shi G Y. An accurate calculation and representation of the infrared transmission function of the atmospheric
constituents: [Ph D Thesis]. Dept of Sci, Tokyo University of Japan, 1981, 191pp
Xue Y K, Sellers P J, Kinter J L, et al. A simplified biosphere model for global climate studies- J Clim, 1991, 4:
345- 364
Budyko M I, Drozdov O A. Zakonomernosti vlagooborota v atmosfer (Grgularities of the hydrologic cycle in the
atmosphere) . Izvestiya AN SSSR, Seriya Geograficheskaya, 1953, 4: 5- 14
Brubaker K L, Entekhabi D, Eagleson P S. Estimation of continental precipitation recycling. J Clim, 1993, 6:
1077- 1089
Eltahir EA B, Bras R L. Precipitation recycling in the Amazon Basin. Quart ] Roy Meteor Soc, 1994, 119: 779
- 793
—GEWEX (GAME) [ 1.
» 1996, 156pp

s s . I. . , 1999, 57
(3):257 263
Eltahir E A B. Interactions of hydrology and climate in the Amazon Basin. Doctorate thesis. Cambridge: M ass
Inst of T echnol, 1993, 188pp



2 : 193

NUMERICAL SIMULATIONS OF EFFECTS OF LAND SURFA-
CE PROCESSES ON CLIMATE: IMPLEMENTING OF SSIB
IN IAP/ LASG AGCM L9R15 AND ITS PERFORMANCE

Sun Lan
( Chinese A cademy of Meteorbical Sciences, Beijing, 100081)

Wu Guoxiong Sun Shufen
(N ational K ey Laboratory of N umerical Modeling for A tmosp heric Sciences and Geq hysical Fluid Dynamics (LASG),
Institute of Atmosp heric Physics, Chinese Academy of Sciences, Beijing, 100080)

Abstract

This is an investigation of exchanges of energy and water between continents and
the atmosphere . The Simplified Simple Biosphere (SSiB) model developed by Xue et al.
(1991) was designed to explore the impact of and mechanisms of land surface-
atmosphere interactions on hydrological cycle and general circulation by implemented in
a modified version of IJAP/LASG global spectral general model (L9R15 AGCM). The
results of comparing the monthly simulations of AGCM with and without SSiB show
that SSiB can produce a better partitioning of the land surface fluxes of heat and
moisture and its diurnal variations. It also gives the transport of energy and water
among atmosphere, vegetation and soil processes explicitly and realistically. So the
coupled SSiB-AGCM runs lead to most conspicuous improvements of the simulated
circulation, precipitation climatology as well as mean water vapor content and its
transport, particularly in the Asian monsoon region in the real world than CT L-AGCM .
It is also pointed out that both the implementation of land processes parameterization
and the variations in land surface into the GOALS model improve hydrological balance
over continents greatly and have a significant impact on the simulated climate.

Improved precipitation recycling model was employed to verify the impact of and
mechanisms of land surface hydrology parameterization for atmospheric general
circulation model on hydrological cycle and precipitation climatology. It is shown that as
a consequence of reduced evapotranspiration over all land, particularly in the arid and
semi-arid region during the Northern Hemisphere summer, the recycling precipitation
rate is significantly reduced. Therefore the coupled SSIB-AGCM runs reduced the bias
of too much precipitation over land surface in most AGCMs and much improved in the
simulated precipitation over land in many regions of the world than CT L-AGCM.

Key words: Coupled land-atmosphere model (SSiB-AGCM), Precipitation recycling

model, Recycling precipitation ratio, Hydrological balance, Simulated precipitation over

land.



