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This study evaluates the performance of FGOALS (Flexible Global Ocean—Atmosphere—Land surface—Sea
ice coupled model) with ocean assimilation in the simulation of summer rainfall-SST relationship during 1979-2005 in
the western North Pacific (WNP), and compares the results with corresponding simulations forced by observed sea

surface temperature and FGOALS historical simulation. Results show that the FGOALS with ocean assimilation well
captures the interannual variability of summer SST over the WNP except that over east of the Philippines. For the
interannual variability of precipitation, it barely demonstrates any skill over Asian summer monsoon region, which is
comparable to the AMIP (Atmospheric Model Intercomparison Project) simulation. However, for the summer
rainfall-SST relationship, the observed negative correlations over South China Sea and east of Philippines are partly

reproduced in the FGOALS with ocean assimilation, in particular when the precipitation leads SST by one month and is
concurrent with SST. The simulated skill is better than the AMIP simulation, but is inferior to the historical simulation.

Based on observations, anomalous convection and circulation in the summer over the WNP are primarily driven by SST
anomalies over the area near the dateline and the eastern Indian Ocean—Maritime Continent. The induced anomalous

convections affect solar radiation reaching the sea surface, which contributes significantly to local SST anomalies and
leads to negative SST—rainfall correlation and SST tendency—rainfall correlation. In the AMIP simulation, the anomalous

circulation over the WNP driven by the remote forcing is underestimated. Since the AMIP simulation is forced by

observed SST, the anomalous convection and circulation are forced by underlying SST over some places of the WNP,
leading to positive rainfall-SST correlation. Although the anomalous circulations over the WNP driven by the remote

515

forcing are also underestimated in both FGOALS with ocean assimilation and historical simulation, weaker than observed
negative SST-rainfall correlations are produced since local air-sea coupling is included. In addition, the historical simulation
Keywords

tends to overestimate the forcing from SST anomalies over the WNP south of 20°N, which leads to better simulated
SST-rainfall correlation than the FGOALS with ocean assimilation over South China Sea and south of Japan islands.

Coupled model simulation with assimilated ocean, Rainfall-SST relationship, Western North Pacific
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Fig. 1 Simulated skills of June—August (JJA) (a) SST anomalies and (b)
rainfall anomalies for the period of 1979-2005 by the FGOALS (Flexible
Global Ocean—Atmosphere-Land surface-Sea ice coupled model) with
ocean assimilation measured by correlation coefficients with observations.
(c) is the corresponding skills of JJA rainfall anomalies simulated by the
FGOALS AMIP (Atmospheric Model Intercomparison Project) simulations.

Counter lines represent the 0.05 and 0.1 siginificance levels
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Fig. 2 Spatial patterns of correlation coefficients between the JJA SST and precipitation anomalies of 1979—2005 for (a) observations, (b) FGOALS with

ocean assimilation, (c) AMIP simulation, and (d) historical simulation. Counter lines represent the 0.05 and 0.1 siginificance levels
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Fig. 3  (First row) Observed lead—lag correlation between monthly mean SST and precipitation anomalies for May through October of 1979-2005: (a) The
correlation coefficients when precipition leads SST by one month, (b) is concurrent with SST, and (c) lags SST by one month. The sample size is 108 for the
time series at each grid. The second row is the same as the first row, except that the correlations are calculated from the FGOALS with ocean assimilation. The

third (fourth) row is the same as the first row except for AMIP (historical) simulation. Counter lines represent the 0.05 and 0.1 siginificance levels
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Fig.4 Same as Fig. 2, but for rainfall-SST tendency correlation
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Fig. 5 Simultaneous regression with respect to normalized JJA SST tendency in the region of (5°N—35°N, 110°E—140°E) for the period of 1979-2005 in the
observations: (a) SST (°C); (b) SST tendency (X5 °C/month); (c) rainfall (units: mm/d, shading) and wind at 1000 hPa (units: m/s, vector); (d) latent heat flux

(units: X 5 °C/month, upward is positive); (¢) wind speed at 10 m (m/s); (f) surface shortwave radiation (units: X 5 °C/month, downward is positive). The black

dotted areas indicate that the regression coefficients are statistically significant at the 0.1 level by a two-tailed student’s t test
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Fig. 6 Simultaneous regression with respect to normalized JJA SST in the region of (5°N—35°N, 110°E—140°E) for the period of 19792005 derived from
AMIP simulation: (a) SST (°C); (b) rainfall (units: mm/day, shading) and wind at 1000 hPa (units: m/s, vectors): (c) latent heat flux (units: X 5°C/month, upward

is positive); (d) wind speed at 10m (m/s); (e) surface shortwave radiation (units: X 5°C/month, downward is positive). The black dotted areas indicate that the

regression coefficients are statistically significant at the 0.1 level by a two-tailed student’s t test



2 19
No. 2

ARSLYEAE: FGOALS v R AR S 0] PH I AP
ZOU Liwei et al. Summer Rainfall-SST Relationships in the Western North Pacific Simulated by the FGOALS ...

7 SST—FE/K R AR HIBLUIPA
147

() Rt SST— R /K IEAH G 8 I8 A2 — U
8 4 HY [ IS 2 () historical 156 B A X Jk
(5°N~35°N, 110°E~140°E) V) Z= SST fi|n]
FRABEAL IS Ta) 7 410 5 B 7 L 2 A 5 1 [ 0 4 )
I3 A o BRI, TGRS DX e Az (&
8d) Ly R RLBAR S N (& 8f) XJ1E SST i)
VI orik,  JF HE s b ) sk 3E oK — 4t
historical 5B 1) PH AL AT VF R AR LS 0 A

g mAL (& 8c), (HERFFRLIRL: . %% i
WSS T VYA AP ZE VU R X, IS T iR KE
(K 8e) Mg (K 8d). PHIb K Py X fi
B 7K e 52 Jy M RN sie S [R5 g, — 5 TS 20°N
PLRGHLIX JA i SST ¥ S <, 53— Jy i) 5 4 E
JE 3 U DRIt L X I B K S i Ok (R D A R P
SR A Ko TS IR I i A AR R
80 ) R R SR 2L, SST B 7 D 55 _HL Y BBl g /]

BB K S R R I 55« JE /N, Rt (K 8a). KMk, 7EREAEAI, [E/K—SST FitH
40N 40N ~
30N 1 30N - “—4
20N - 20N 1 g > C
. =2 . .
10N §2aese. 10N 0
0" 0.
10S - 10S 1 3 ,.; ! S
60E 90E  120E  150E 180  150W  120W  90W 60E 90E  120E  150E 180  150W  120W  9OW
40N oy e — 40N
30N 4 (C) F A fﬂj‘z/i_ Nef) ~ s [ % 30N 4 o .
20N 1 ' ”/ = P ORERTON ] 20N{2. -t;" : C
1ond - "/ )’)7""‘"’ 10N . a
b e \ R '/ ] 2~ = wmwas oot —_— .
01 Q -\'\‘\.— VNS S Ny L 0 ’
1os-\-~.\\....-r 0 PoxA ] s -
60E 90E  120E  150E 180  150W  120W  9OW 150W  120W  90W
40N 40N
30N - 30N 1 . \Q
20N - 20N 1 2 o
10N - 10N - . ‘ 5
01 01

10S

90E 1 20E 1 50E 180 150W 120w

90W

108

60E 90E 120E 150E '

T I [ [ [
-05 -0.4 -0.3 -0.2-0.050.05 02 03 04 05

K7 (A5, {H% FGOALS LRI (KL
Fig. 7 Same as Fig. 5, but for the results derived from FGOALS with ocean assimilation
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