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Abstract   Negative correlations between summer sea surface temperature (SST) and 30 

precipitation anomalies are evident over northwestern Pacific (NWP) in observation, which is due 31 

to the maintenance of the NWP anomalous anticyclone form the El Niño peak winter to the 32 

following summer. This process has been a useful metric for assessing climate models. Based on 33 

the near-term climate prediction system of the Institute of Atmospheric Physics (IAP-DecPreS), 34 

the authors evaluated the performance of the ocean data assimilation experiment using the coupled 35 

model FGOALS-s2 on simulating the air-sea interaction over the NWP through comparing the 36 

results with the observation and standalone AGCM simulations. The coupled data assimilation 37 

system performs better than AGCM experiments and reasonably reproduces the negative 38 

correlation between summer SST and precipitation anomalies over the NWP, although the area 39 

with negative correlation coefficient is smaller than the observation in the coupled assimilation 40 

experiment, especially in August when the NWP anticyclone is weaker than that in the observation 41 

and shifts eastward. Further analysis indicates that the bias is associated with the southward shift 42 

and weakening of positive precipitation anomalies over the equatorial eastern Indian Ocean in El 43 

Niño decaying summer. The standalone AGCM experiments failed in simulating the negative 44 

correlation between summer SST and precipitation anomalies over NWP, which is attributed to the 45 

absence of atmospheric forcing. Our analysis demonstrated that the ocean assimilation system 46 

performs better than the AMIP experiments on simulating the air-sea interaction over the NWP, 47 

the bias of NWP anticyclone in August is due to the bias in the precipitation anomalies over the 48 

equatorial eastern Indian Ocean. 49 
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ҹ 1ҩ ̆ΐᵣ Wu ̂Wu et al.̆ 2018̃Ȃ ԅῃ99 

̆ ԅ ̂ ̆2017̃Ȃ 100 

    3 ᵀȂᵬҹ ̆101 

ԅ FGOALS-s2 № SAMIL ̂AMIP̃3102 

ȂῒҬ̆AMIP Ҭ SAMIL Ҋ Ṝ103 

⅞̂PCMDĨ ᶫ ȁ — ̂ ´ ̆2005̃Ȃ104 
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NOAA OI.v2̂Hurrell et al.̆ 2008̃Ȃ№ ѿҹ 1979-2008 Ȃ 107 

2.2 ҍῬ№  108 
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HadISSTv1.1̆ № ҹ ¯³̄11 ̆ ҹ 1870 1110 

2016 5 ̂Rayner et al.̆2003̃̂̕ 2̃ ῃ GPCPv2.2̆111 
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2.3 №  119 

1   1979-2008 ≢⅞№ 120 

Table 1.  Classification of the 1979-2008 summers 121 

№  El Niño  La Niña  

ENSO ̂DṼ 
1982,1987,1991,1994,1997,

2002,2004,2006 
1999 

ENSO ⁞ ̂DC̃ 
1983,1988,1992,1995,1998,

2003,2005,2007 

1984,1985,1989,1996,2000,

2001,2008 

▼ᵩ ̂RM̃ 1979,1980,1981,1986,1990,1993 

    Niño3.4 ̆ Ҭ 1979-2008 ῍ 30 № ̆ ̔122 

ENSO ̂DV ȁ̃ENSO ⁞ ̂DC̃ ▼ᵩ ̂RM̃̆ 1 Ȃΐ123 

ᵣ⅞№ ‰ҹ̔ ̂JJÃ Niño3.4 ṿ ԍ 0.5Ņ̆ғ ENSO  124

↕ ҹ DV ̕ENSO ԋ ҹ DC Ȃ ̆1983ȁ1988125 
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1998 El Niño ֙̆La Niña ̆126 

El Niño  DC ̆ ҹ El Niño  DC 1̕987̂ 1999̃ №≢ ԍңҩ El NiñôLa 127 

Niñã  ӊ ̆ ҍ ҍ El NiñôLa Niñã DV128 

ҹ ̆ ῀ DV ̂Wu et al.̆2009b Ȃ̃ Ҭ Niño3.4 ҍ129 

Niño3.4 ῏ 0.953̆ ᴍ ⅞№ҍ Ḡ ѿ ȂῒҬ N̆iño 3.4130 

ӈҹқ ̂ WNS ¯¯¯-¯ 170-12055 ̆ ̃ ṿȂ 131 

    ̆ ԍ ̆132 

↕ 1-2ҩ ̆ ҍ ῏133 

῏ ԑᵬ ̂Von 2̆000̃ȂῒҬ̆ ȁ134 

ᵬҹ ҍ ῏̆ № Ҍ135 

ԑᵬ ̂ ´ ̆2002̕ Wu et al.̆ 2006̕ ̆2009̃Ȃ136 

ҍ SST SSTẁ ῏Ӟ ԑᵬ Ҍ137 

̆ ҹ ᵬ ẁ ץ ῤ ⌠ ғ̆138 

̂Wu et al.̆ 2005̆ 2006̃Ȃ 139 

    ľ -SSTĿ ῏ҍľ -SSTẁ Ŀ ῏ ṿ̆140 

ᵬ ᵬ Ȃ -SST ῏ҹ ṿ̆ғ ṿ ԍ141 

-SSTẁ ῏ ̆ ҹ ԑᵬ Ҭץ ᵬ ҹҺ̆142 

Һ ̕ -SSTẁ ῏ҹ ṿ̆ғ ṿ143 

ԍ -SST ῏ ̆ ҹ ԑᵬ Ҭץ ᵬ ҹҺ̆144 

Һ ῏ ῤꜚⱬ ̆ ’ ץ Ԑ145 

ȁ SST ̂Wu et al.̆ 2007̃̕ -SSTҍ -SSTẁ ῏146 

ṿ ̆ ԍ ԑᵬ ̂Wu et al.̆ 2005̃Ȃ147 

ῒҬ̆SSTẁ ԅҬ ṿ ̆ Ὲ ҹ̔ 148 

2/)( 11 -+-= nnn SSTSSTSSTt                    (1) 149 

nSSTtҹ ѿ ᴍ SSTẁ ̆ 1+nSST ҹῒ ѿ ᴍ SST̆ 1-nSST ҹ150 

ῒ╠ѿ ᴍ SSTȂ 151 

    ᶏ ԅ № ̆ ԍ La Niña ҍEl Niño Ҍѿ ̆152 
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ֽ El Niño ⁞ № Ȃ 153 

    Ҭ ῏№ ԅ ᶷ student' t ̆ ҹ ⁞ 2Ȃ154 

№ Ҭ̆ ԅ ҹҤ Monte Carlo ̆ ԅ 1000 Ȃҹ155 

̆ ԅ 2-9 Ȃ 156 

3. №   157 

3.1 ҍ Ҭ -SST῏  158 

 159 

1  1979-2008 ̂ã ҍ ῏ № ̕160 

̂b̃ ̂ã ̆ᵖҹ AMIP ̕ Ҭ 5% ̕161 

ҹ  162 

Fig.1  Spatial patterns of correlation coefficients between the JJA precipitation anomalies in 163 

observation and (a) in ocean assimilation simulation; (b) in AMIP assimilation. Dotted shadings exceed 164 

the 5% significance level; Black boxes denote the northwestern Pacific 165 

    1ҹ AMIP ҍ Ҭ ῏ № Ȃ166 

ԍ ̆ AMIP ̆167 

ԅ 5% ̆ᵖ ₃ῤ֒ қ ᶷ̂ EN ¯-̄¯-̄ 170140,100 ̃168 

↕ ̆ ҍ ῏Ȃ № ̂ N̄10169 

̆ Ē-̄140120 ץ̃ ̆AMIP ҍ ῏ №170 

ԍ ҍ ῏ ̆ң № ᵌȂ 171 
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    ṿ ̆ ױ ̂ EN ¯-̄¯-̄ 140120,155.2 ̆172 

1 Ҭ ̃ ṿȂ ҍ ῏ ҹ 173 

0.463̆ 2% ̆ AMIP ҍ ῏ ֽҹ 0.124̆174 

50% Ȃ ̆ ῏ױ ̆ AMIP175 

Ȃ ̆ ԍ AMIP176 

̆ ԑᵬ ῏ ̙ 177 

 178 

2  1979-2008 Ҭ̂a1̃ ȁ̂ b1̃ ENSO ȁ̂ c1̃ ENSO ⁞ ̂d1̃ ▼ᵩ179 

῏ № ̂̕ a2̃ ~̂ d2̃ ̂a1̃ ~̂ d1̃ ̆ᵖҹ180 

̂̕ a3̃ ~̂d3̃ ̂a1̃ ~̂d1̃ ̆ᵖҹ AMIP ̕ Ҭ 5%181 

̕ ҹ  182 

Fig.2  Spatial patterns of correlation coefficients between the JJA SST and precipitation anomalies 183 

during 1979-2008 for (a1) all summers, (b1) ENSO-developing summers, (c1) ENSO-decaying 184 

summers, and (e1) remaining summers in observations; (a2), (b2), (c2) and (d2) are similar to (a1), (b1), 185 

(c1) and (d1), but for ocean assimilation simulation;(a3), (b3), (c3) and (d3) are similar to (a1), (b1), 186 

(c1) and (d1), but for AMIP simulation. Dotted shadings exceed the 5% significance level; Red boxes 187 

denote the northwestern Pacific 188 

Ҍ Ҭ -SST῏ ̂ 2̃̆ ץ ⌠ Ҭ189 
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-SST ῏̆ғ D̆V ҍ DC190 

̆ҍWu ѿ ̂Wu et al.̆2009b Ȃ̃DC ̆191 

-SST ῏̆ ῏ -0.6̆ DVҍ RM ̆192 

῏̆ ҹ ῃ -SST ῏Һ ENSO193 

⁞ Ȃ ѿ ҉ Ῥ Ȃ 194 

̆ ̂ 2a(2)̃ Ҭ̆ ̂ ῤ̃  195ץ

-SST ῏̆ᵖ ῏ Ẓ ̆196 

ҹ ῏ȂDC Ҭ ⌠ ᵌ ῏ Ẓ ̆ғ ῏197 

ṿ ֞Ẓ ȂDV ҍ DC ӊ ҍ ѿ ̔198 

DV ҹ ῏Ȃ AMIP Ҭ̆ -SST199 

ҹ ῏̆ ԍ AMIP ꜚ ̆200 

ԑᵬ Ҭ ԅ ᵬ ̆ ᵬ ̆201 

№ ᴪ ᵬ Ȃ ԍ ץ ̆ Ҭ ҹ202 

-SST ῏ ̆ң ₮ ῏̆ᵖ Ẓ Ȃ 203 

 204 

3  2̆ᵖҹ ҍ ẁ ῏ №  205 

Fig.3  Similar to Fig.2, but for spatial patterns of correlation coefficients between the JJA SST 206 

tendency and precipitation anomalies 207 
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3ҹ Ҭ ҍ SSTẁ ӊ ῏ № Ȃ208 

Ҭ ῃ DC ῏̆ғ ῏ -SST209 

῏ ̆ ṿ֞ ̆ ᵣ ԅ SST ᵬ Ȃ ⁞210 

῀ ̆ ≠ԍ SST Ȃ211 

ᵌ ̆DC ῏̆ᵖ ῏212 

Ẓ Ȃ AMIP Ҭׅҹ ῏̆ Ҭ213 

Ҋ ꜚ Ȃ 214 

҉ ̆ ₮ -SST215 

῏̆ғ ₮ -SST῏ ̆ᵖῒ ῏216 

Ẓ Ȃ ̆ ₮ ҍ SSTẁ217 

῏̆ ᵣ SST ᵬ ̆ᵖ ֞Ẓ ȂAMIP Ҭ218 

ᵬ ̆ Ῥ -SST -SSTẁ219 

῏Ȃ -SST῏ ᴨԍ AMIP ̆220 

ԑᵬ ⱬ AMIP Ȃ ̆221 

Ҍ Ҭ 500hPa ҍ SST ῏ № ̂ ̃Ӟ ץ ⌠222 

ᵌ Ȃ 223 

ҹ ѿ ̆ DC ᵬ224 

№ ̆ 4 Ȃ Ҭ̆ 6-8 ҹ -SST ῏̆ῒ225 

Ҭ 8 ῏ ҹ ̆ғ 6 8 ῏ ̆8 Ȃ226 

Ҭ̆6 ҍ ҹ ̆ ῏ ⁞227 

̆8 № ҹ ῏̆ҍ ȂӞ ̆228 

ҍ ׆ 6 8 ̆8 ҹ Ȃ ̆229 

DC 500hPa ҍ SST ῏ № ̂ ̃ ᵌ Ȃ 230 
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 231 

4  1979-2008 ENSO ⁞ ̂a1̃ 6 ȁ̂ b1̃ 7 ȁ̂ c1̃ 8 Ҭ232 

῏ ̂̕ a2̃ ~̂c2̃ ̂a1̃ ~̂c1̃ ̆ᵖҹ ̕ Ҭ 5%233 

̕ ҹ  234 

Fig.4  Spatial patterns of correlation coefficients between the SST and precipitation anomalies for 235 

ENSO decaying summer during 1979-2008 in (a1) Jun, (b1) Jul, (c1) Aug in observation; (a2), (b2) and 236 

(c2) are similar to (a1), (b1) and (c1), but in ocean assimilation simulation. Dotted shadings exceed the 237 

5% significance level; Black boxes denote the northwestern Pacific. 238 

3.2 Ẓ  239 

ҹ Ҭ -SST῏ ₮ Ẓ ̆ 5 7№240 

≢ ₮ԅ ҍ Ҭ ̂JJÃ SSTȁ 850hPa El Niño241 

⁞ Ȃ Ҭ̂ 5̃̆ ѿ  242ץ

ҹѿ SST Ȃ׆ қ ᵈ ̆243 

̆ ᵄ ̆ Ҭ Һ ᵝԍ қ ᶷȂ244 

҉ ᶷ қ ᶏ ⁞ ̆ ҉ ⁞ Ȃ245 

└̆ Ҋ ⱴȂң ῍ ᵬ ᶏ  246̆ל

ԅ ENSO ⁞ -SST ̂Wu et al.̆247 


