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Abstract

There is a tripole rainfall pattern in East Asia during the northern summer. The 

positive (negative) phase of the pattern is characterized by more (less) rainfall in central 

eastern China, Japan, and South Korea, and less (more) rainfall in northern and southern 

China. This rainfall pattern is the first EOF mode in East Asia interannual variability. 

Hsu and Lin (2003) pointed the positive and negative phases are asymmetric. It could be 

originated in the heating anomalies in the tropical Western Pacific, which in turn 

triggers a wave-like pattern emanating northward toward extra-tropical East Asia (Nitta 

1987). It also could be originated in the heating over the eastern Tibetan Plateau, which 

induce the eastward-propagating wave-like structure (Enomoto et al. 2003). It is 

suggested that the tripole pattern is a result of the amplification of an intrinsic dynamic 

mode that can be triggered by various factors despite of their different origins.         

This study uses numerical simulation data (SINTEX-F, ECHAM) to identify the 

hypothesis. There are two types of simulations in this experiment. The first type coupled 

with atmosphere and ocean model. The second type is AGCM foreced by simulated 

SST, and AGCM forced by the simulated climatological SST.  

SINTEX and ECHAM model could produce realistically the tripole rainfall pattern, 

which is the dominant pattern in East Asia. But there is no significant asymmetric 

phenomenon in model simulation data. The simulation of the N-S wave, which is 

affected by tropical heating, is better than the simulation of the E-W wave, which is 

affected by the wave activity in the Eurasian continent. Un-coupled simulation produces 

the tripole pattern, but not as distinct as coupled model. The simulation forced by the 

simulated interannual monthly SST is better than the one forced by the simulated 
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climatological monthly SST. Therefore the Ocean plays an important role in exciting 

the tripole pattern.  

The relationship between SST and precipitation in coupled and un-coupled model 

is different. In coupled model, they had negative correlation; in un-coupled model, they 

had positive correlation. It maybe SST is the product after air-sea interaction in coupled 

model, but SST effects directly the rainfall in un-coupled model. Atmospheric effect 

dominates this structure. 
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 (Blanke and Delecluse 1993) 8.2

ECHAM4 (Roeckner et al. 1996)

T106 1.1 1.1 19 ( -pressure 

vertical coordinate )

SINTEX

ECHAM4.0 Tiedtke (1989)

Morcrette et al. (1986)

Richardson number  (Louis 1979)
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 (Charnock 1955)

 (AOGCMs)

Atmosphere Sea Ice 

Soil (OASIS) 2.4 coupler (Valcke et al. 2000)

0 Levitus

[the full coupled 

simulation (FCPL)]

220 20 200 Dr. Luo

ECHAM5/MPI-OM : ECHAM5/MPI-OM  (Jungclaus et al. 

2005) ECHAM5.2 T63 1.875

1.875 31 MPI-OM (Marsland et al. 2003)

1.5 40

Hamburg Ocean Primitive Equation (HOPE) model (Wolff et al. 

1997)

 (Boussinesq)

z  (Wolff et al. 1997)
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C  (Arakawa and Lamb 1977)

Redi (1982) and Griffies (1998)

Gent et al.(1995) Pacanowski and 

Philander (1981, hereafter PP) Richardson number-dependent 

PP

10

-  (Hibler 1979)

-

-

5 psu

 (Greenland Sea and Labrador Sea)

(Weddell Sea) 15

184 Earth Topography Five Minute Grid (ETOPO5; 

National Geophysical Data Center 1988) 1/12
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Ocean-Atmosphere-Sea Ice-Soil (OASIS) coupler 

(Valcke et al.)

(Hagemann and D menil 1998; Hagemann and D menl-Gates 2003)

225 115

Dr. Noel Keenlyside Leibniz-Institut fuer 

Meereswissenschaften
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 2.1: SINTEX-F

 2.2: ECHAM

 2.3: Student-t 90% 90%
95% 99%
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 3.1: (CRU) EOF1

 3.2: (CRU) EOF1 PC1( )
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 3.3: SINTEX-F EOF1

 3.4: ECHAM EOF1
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 3.5: 850hPa
(mm/day) ( 2.3)

850hpa

 3.6: 850hPa
(mm/day) ( 2.3)

850hpa
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 3.7: SINTEX-F 850hPa
(mm/day)

( 2.3) 850hpa

 3.8: SINTEX-F 850hPa
(mm/day)

( 2.3) 850hpa
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 3.9: ECHAM 850hPa
(mm/day)

( 2.3) 850hpa

 3.10: ECHAM 850hPa
(mm/day)

( 2.3) 850hpa
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 3.11: 850hPa
(1/s *10^6) ( 2.3)

 3.12: 850hPa
(1/s *10^6) ( 2.3)
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 3.13: SINTEX-F 850hPa
(1/s *10^6) (

2.3)

 3.14: SINTEX-F 850hPa
(1/s *10^6) (

2.3)
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 3.15: ECHAM 850hPa
(1/s *10^6) (

2.3)

 3.16: ECHAM 850hPa
(1/s *10^6) (

2.3)
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 3.17: 200hPa
(1/s *10^6) ( 2.3)

 3.18: 200hPa
(1/s *10^6) ( 2.3)
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 3.19: SINTEX-F 200hPa
(1/s *10^6) (

2.3)

 3.20: SINTEX-F 200hPa
(1/s *10^6) (

2.3)



48 

 3.21: ECHAM 200hPa
(1/s *10^6) (

2.3)

 3.22: ECHAM 200hPa
(1/s *10^6) (

2.3)
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(a)                              (b)            

(c)                              (d) 

 3.23: SINTEX-F ( )
EOF (a) EOF1 16.3% (b) EOF2 13.2% (c)
EOF3 8.6% (d)EOF4 8.0%
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(a)                               (b) 

   (c)                              (d) 

 3.24: SINTEX-F ( )
EOF (a) EOF1 16.1% (b) EOF2 10.6% (c)
EOF3 9.5% (d)EOF4 7.9%
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(a)                           (b) 

  (c)                             (d)              

 3.25: ECHAM ( )
EOF (a) EOF1 17.2% (b) EOF2 11.8% (c)
EOF3 10.4% (d)EOF4 7.2%
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(a)                           (b) 

(c)                              (d) 

 3.26: ECHAM ( )
EOF (a) EOF1 15.0% (b) EOF2 10.5% (c)
EOF3 10.0% (d)EOF4 8.0%
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              (a) 

              (b) 

              (c) 

 4.1: 850hPa 850hPa
(a) ERA40 CMAP (1979~2006)

(b) SINTEX-F (c) SINTEX-F
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(a)                             (b) 

(c)                             (d)  

 4.2: SINTEX-F SVD (a) (b) SVD1 (c) (d)
SVD2 (a) (c) ( mm/day) (b)(d) ( )
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     (a)                             (b) 

     (c)                            (d) 

 4.3: SINTEX-F SVD (a) (b) SVD1 (c) (d)
SVD2 (a) (c) ( mm/day) (b)(d) ( )
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 4.4: SINTEX-F 850hPa
(mm/day)

( 2.3) 850hpa

 4.5: SINTEX-F 850hPa
(mm/day)

( 2.3) 850hpa
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 4.6: SINTEX-F 850hPa
(1/s *10^6) ( 2.3)

 4.7: SINTEX-F 850hPa
(1/s *10^6) ( 2.3)
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 4.8: SINTEX-F 200hPa
(1/s *10^6) ( 2.3)

 4.9: SINTEX-F 200hPa
(1/s *10^6) ( 2.3)
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(a)                        (b) 

           (c)                        (d) 

           (e)                        (f) 

(g)                        (h) 

 4.10: ( ) 10 (
m/s) (a) (c) (e) (g) (b) (d) (f) (h)
(a) (b) ( 10^5*W/m2 s) (c) (d) CRU
( mm/day) (e) (f) ERA40 ( mm/day)

( 10^5*W/m2 s)
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(a)                              (b) 

    (c)                              (d) 

    (e)                              (f) 

 4.11: SINTEX-F ( )
10 ( m/s) (a) (c) (e) (b) (d) (f)

(a) (b) ( W/m2)
(c) (d) ( mm/day) (e) (f) (
W/m2)
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(a)                              (b) 

    (c)                              (d) 

    (e)                              (f) 

 4.12: SINTEX-F ( )
10 ( m/s) (a) (c) (e) (b) (d) (f)

(a) (b) ( W/m2)
(c) (d) ( mm/day) (e) (f) (

W/m2)
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   (a)                         (b)   

   (c)                         (d) 

4.13. 130~160E (a) (b) (c) (d)
(a)  (c) (b) (d)
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         (a) 

(b)

4.14. SINTEX-F (a) (b)
90%
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(a)

(b)

4.15. SINTEX-F (a) (b)
90%
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 4.16: SINTEX-F (m*m/s*10^-6)

 4.17: SINTEX-F (m*m/s*10^-6)
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 4.18: SINTEX-F (m*m/s*10^-6)

 4.19: SINTEX-F (m*m/s*10^-6)
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