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Abstract 31 

Based on the monthly outgoing longwave radiation (OLR) data from 1979 to 2013, a significant correlation of 32 

convective activity over the western Pacific warm pool between June and August is detected while there are no 33 

significant correlations between June and July and between July and August. The analysis results indicate that 34 

consistent anomalies in June and August usually occur during the years with strong warm pool convection. 35 

Moreover, two prerequisites are necessary for this consistent anomaly, i.e., a higher sea surface temperature (SST) 36 

over the warm pool during the preceding spring and a relatively weak El Niño and Southern Oscillation (ENSO). 37 

An analysis based on the selected typical years indicates that convection in June tends to enhance when the warm 38 

pool SST is higher in the spring. The enhanced convection, in turn, reduces the solar insolation and local SST and 39 

consequently suppresses convection in July. In contrast to June, the local SST tends to increase due to the 40 

suppressed convection in July. Accordingly, the warm pool convection in August is subsequently enhanced again. 41 

In this process, the local air-sea interaction plays a major role in regulating SST anomalies from June to August 42 

and forming the consistent warm pool convection anomalies in June and August. There are additional 43 

complications in understanding intraseasonal variation in the warm pool convection from June to August as 44 

related to the ENSO forcing. During strong El Niño decaying years (e.g., 1998), the warm pool convection is 45 

suppressed with consistent positive OLR anomalies from June to August, implying that the El Niño forcing 46 

contributes to the significant positive correlation of convective activity between June and August. During 47 

moderate El Niño decaying years (e.g., 2007), however, the convection anomaly in June is opposite to that in 48 

August. In general, the local air-sea interaction effect plays an essential role in the significant correlation of 49 

convective activity between June and August, though this correlation also depends on the intensity of the El Niño 50 

forcing. 51 
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1. Introduction 56 

During boreal summers, large-scale convective cloud clusters are observed from South China 57 

Sea to the east of the Philippines; these clusters are often referred to as the western Pacific warm 58 

pool convection. Climatologically, the warm pool convection begins to gradually intensify after the 59 

onset of the South China Sea summer monsoon in late May (Tao and Chen, 1987; Lau and Yang, 60 

1997; Ding and Liu, 2001). In late July, the warm pool convection suddenly shifts northeastward, 61 

thus signaling the onset of the tropical western Pacific summer monsoon. Specifically, this shift 62 

leads to an anomalous anticyclone in the subtropical East Asia and the termination of the Meiyu or 63 

Baiu seasons from the Yangtze River basin to Japan (Ueda et al., 1995; Wu, 2002). As major 64 

characteristics of intraseasonal variation of the East Asian summer monsoon (EASM), the two 65 

northward jumps of the western Pacific subtropical high (WPSH) occurring in mid-June and late 66 

July are also associated with the enhanced warm pool convection (Su and Xue, 2010).  67 

Many observational studies have shown that the interannual variability of the EASM is also 68 

influenced by the warm pool convection. In general, the enhanced (suppressed) convection tends to 69 

be associated with an anticyclonic (cyclonic) anomaly in East Asia generated by a Rossby wave 70 

train propagating northward (Nitta, 1987; Tsuyuki and K. Kurihara, 1989). This teleconnection 71 

pattern between the tropical western Pacific and East Asia is referred to as the Pacific-Japan pattern 72 

(Nitta, 1987). Lu (2001a) further showed that the zonal displacement of the WPSH is affected by 73 

the warm pool convection. The enhanced (suppressed) convection can excite a low-level cyclonic 74 

(anticyclonic) anomaly in the subtropical western Pacific, leading to the eastward retreat (westward 75 
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extension) of the WPSH. Therefore, the warm pool convection plays a crucial role in the EASM 76 

variability on intraseasonal and interannual timescales; thus, understanding the mechanism for the 77 

warm pool convection is of considerable importance for EASM predictions. 78 

The warm pool convection is generally recognized as being influenced by both local and 79 

remote SST anomalies that are regulated by the El Niño and Southern Oscillation (ENSO) phase 80 

(Lau and Nath, 2009; Wu et al., 2010; Lu and Lu, 2014). In La Niña years when a local SST is 81 

higher, the warm pool convection tends to enhance through local air-sea interaction (Xue and Zhao, 82 

2017). In El Niño developing summers, the warm pool convection is enhanced through a Gill-type 83 

response to positive SST anomalies in the central and eastern Pacific (Lau and Nath, 2000; Xue et 84 

al., 2018). In El Niño decaying summers, however, the warm pool convection is largely suppressed 85 

by eastward propagating Kelvin waves, which originate from the enhanced convection in the 86 

tropical Indian Ocean with a higher SST (Yang et al., 2007; Xie et al., 2009). The warm pool 87 

convection is, therefore, suggested as serving a bridge linking El Niño and the EASM.  88 

The warm pool convection is also affected by the local SST anomaly, which is often involved 89 

with ENSO (Lau and Nath, 2009). Lu and Lu (2014) noted that a local SST plays an active role in 90 

the warm pool convection and partially offsets the remote effect from ENSO. Hu and Wu (2016) 91 

found that physical processes are very different for seasonal anomalies and the monthly departure 92 

from the seasonal mean over the South China Sea and tropical Indian Ocean during the 93 

spring-to-summer season. Although the remote forcing plays a major role in the seasonal anomaly, 94 

the local air-sea interaction is more pronounced in the monthly mean departure. We also note that 95 
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because El Niño in the decaying summers has a very strong impact on the warm pool convection, 96 

the influences of local air-sea interactions may be overwhelmed by the El Niño forcing in 97 

correlation or composite analyses. 98 

In this study, we found that there is a significant correlation of convective activity in the warm 99 

pool between June and August while the correlations between other summer months are relatively 100 

weak. Because this correlation is independent of the phase of ENSO, it cannot be explained by the 101 

ENSO forcing. To address this issue, we conduct a detailed analysis based on the reanalysis data 102 

from 1979 to 2013. In Section 2, the monthly correlations of convective activity in the warm pool 103 

are briefly described. Some typical examples are further analyzed in Sections 3 and 4 to reveal the 104 

underlying physical processes and mechanisms. Finally, a summary is given in the last section. 105 

 106 

2. Data description and monthly correlation of convective activity in the warm pool 107 

Outgoing longwave radiation (OLR) data are used as a proxy for tropical convection, and are 108 

obtained from NOAA satellite observation (Liebmann and Smith, 1996). Other datasets include the 109 

atmospheric circulation and surface flux data from NCEP-DOE Reanalysis-2 (Kanamitsu et al., 110 

2002), and SST data from NOAA (Smith et al., 2008). The horizontal resolutions of SST, 111 

atmospheric circulation (OLR) and surface flux are 2.0°×2.0°, 2.5°×2.5° and 1.904°×1.875° 112 

latitude/longitude, respectively. Since the OLR data are only available from 1979 to 2013, all 113 

datasets are analyzed during this 35-year period for consistency. 114 

Considering the largest interannual variability of convection in the tropical western Pacific, Lu 115 
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(2001b) defined the warm pool convection as the mean OLR averaged over (110°-160°E, 116 

10°-20°N), and a negative (positive) OLR anomaly corresponds to enhanced (suppressed) 117 

convection. Figure 1 shows the time series of the normalized OLR anomaly, in which the OLR 118 

anomaly series are compared between two different summer months in each subfigure. The 119 

correlation coefficients of monthly OLR anomalies between different summer months are 120 

remarkably different. The correlation coefficient of monthly OLR anomalies between June and July 121 

(r = 0.24) is statistically insignificant. By comparison, the correlation between June and August 122 

strengthens considerably (r = 0.52), which is substantially significant at the 99% confidence level. 123 

We also note that the correlation of OLR anomalies between July and August is very weak (r = 124 

-0.05) and insignificant, thus indicating the lack of linkage in warm pool convection from July to 125 

August. The significant positive correlation of convective activity over the warm pool between June 126 

and August despite the weak connections between other summer months is not yet well understood. 127 

Figure 2 shows the spatial distributions of monthly OLR correlations in the western Pacific. 128 

The most significant correlation between June and July is located to the east of 150°E while the 129 

correlations outside of this region are relatively weak (Fig. 2a). The distributions of correlation 130 

coefficients between June and August (Fig. 2b) are to a large degree different from those in Figure 131 

2a. Significant correlations are found from the South China Sea to the west of 140°E, which are 132 

connected to the significant correlations near the equator. The spatial pattern of correlations 133 

between July and August (Fig. 2c) is somewhat similar to that in Figure 2a, except in the oceanic 134 

region to the south of Japan. In general, the spatial distributions of monthly OLR correlations 135 
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further demonstrate that there is a significant correlation of convective activity over the warm pool 136 

between June and August as illustrated in Figure 1. We also note that, different from the warm pool 137 

region, significant correlations persist from June to August near the equator. This indicates that the 138 

physical mechanisms for the correlation in the two regions are different. 139 

Previous studies have shown that the warm pool convection is affected by both local air-sea 140 

interaction and ENSO. While the former plays a major role in the monthly anomaly, the latter is 141 

more important to the summer seasonal mean (Lu and Lu, 2014; Hu and Wu, 2016). In order to 142 

distinguish the two factors governing the convection variability on different timescales more clearly, 143 

band-pass (30-90 days) and low-pass (>90 days) filters are applied to daily OLR time series, 144 

respectively. Figure 3 illustrates the spatial distributions of monthly OLR correlations between 145 

summer months based on band-pass data. It is evident that the correlation patterns in the warm pool 146 

region are quite different from those in Figure 2. The correlation between June and July (Fig. 3a) is 147 

negative to the north of 10°N from the South China Sea to the date line, with three significant 148 

centers located in the South China Sea, 135°E and 165°E. By comparison, a significantly positive 149 

correlation is found near the equator. The correlation patterns between July and August are very 150 

similar to those between June and July (Fig. 3c), except that the correlations to the east of the 151 

Philippines are more significant. Both the negative correlations in the warm pool region and the 152 

positive correlations near the equator between consecutive summer months (i.e., June and July in 153 

Fig. 3a and, July and August in Fig. 3c) lead to the substantially significant positive correlations 154 

over the entire western Pacific between June and August (Fig. 3b). The correlation coefficients are 155 
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above 0.8 near the equator and around 0.7 in the warm pool region. It should be noted that the 156 

positive correlation in the warm pool region between June and August is caused by the negative 157 

correlations between consecutive summer months, which can be attributed to the effect of local 158 

air-sea interactions. 159 

Except for the positive correlations near the equator, the correlation distributions based on the 160 

low-pass data are dramatically different from the band-pass result (Fig. 4). The correlations between 161 

June and July (Fig. 4a) are somewhat similar to the original result in Figure 2a, but the correlations 162 

to the east of the Philippines are more significant, indicating that a weakly positive correlation of 163 

convective activity in the warm pool between June and July (r = 0.24, Fig. 1a) is mainly related to 164 

ENSO. In addition, the correlation in southern China is also more significant. Similar to the original 165 

result (Fig. 2c), the significant correlations between July and August are mainly located in the 166 

regions to the east of 150°E and to the east of Taiwan, but the correlations in the warm pool region 167 

are very weak (Fig. 4c). The correlations between June and August (Fig. 4b) are also weak in all 168 

other regions except for the equatorial region, which are quite different from those in Figure 2b and 169 

Figure 3b. This implies that the significant correlation of convective activity over the warm pool 170 

between June and August (r = 0.52, Fig. 1b) is not caused by ENSO. 171 

A close examination of the OLR anomaly series in Figure 1b indicates that years with 172 

consistent negative OLR anomalies between June and August far exceed those with consistent 173 

positive OLR anomalies. Altogether, there are 8 years with significant negative anomalies below a 174 

-0.5 standard deviation, i.e., 1981, 1984, 1985, 1986, 1990, 2001, 2004 and 2012, and the anomaly 175 
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is below a -1 standard deviation in 1984, 1985 and 2004. By contrast, there are only 3 years with 176 

significant positive anomalies above a 0.5 standard deviation, i.e., 1980, 1996 and 1998, in which 177 

the anomaly is above a 1 standard deviation only in 1998. Although both the consistent positive and 178 

negative anomalies contribute to the positive correlation of OLR anomalies between June and 179 

August, the years with negative anomalies play a dominant role. We also note that the consistent 180 

positive OLR anomalies in 1980 and 1998 persist throughout the whole summer from June to 181 

August. This implies that the physical mechanism for the negative anomaly is different from that of 182 

the positive one. In addition, there is a maximum difference between June and August in 2007, with 183 

a positive anomaly in June and a negative anomaly in August. In the following sections, these years 184 

will be analyzed in detail to reveal the physical mechanism causing the significant correlation 185 

between June and August. 186 

 187 

3. Intraseasonal variation of the warm pool convection in 1984 and 2004 188 

As stated in the previous section, the strongest warm pool convection in June and August 189 

occurred in three years (i.e., 1984, 1985 and 2004). Since 1985 is similar to 1984 except for a 190 

slightly stronger La Niña signal, 1984 and 2004 are selected as the typical examples for an 191 

intercomparison. As shown in Figure 5, 1984 is a La Niña year, and 2004 is an El Niño developing 192 

year. As the absolute value of the monthly Niño3.4 Index is less than 1˚C from winter to summer 193 

during these two years, we may infer that the warm pool convection is not heavily influenced by the 194 

ENSO forcing. The SST anomalies in the spring seasons of 1984 and 2004 share a common feature 195 
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of a higher SST to the east of the Philippines (Fig. 6), thus indicating that the warm pool SST 196 

anomaly is not entirely dependent on the ENSO phase. Nonetheless, there are still some differences 197 

in the spring SST anomaly between these two years at a regional scale. While positive SST 198 

anomalies extend all over the western Pacific in 2004, negative SST anomalies appear over the East 199 

China Sea and the equatorial central Pacific in 1984 due to the La Niña forcing. 200 

A higher SST in the preceding spring provides a favorable thermal condition for the 201 

convection’s development in June. Figs. 7a and 7b illustrate that negative OLR anomalies 202 

(enhanced convection) over the warm pool in June of 1984 and 2004, respectively, coincide with 203 

positive SST anomalies in the preceding spring (Fig. 6). Moreover, due to a higher warm pool SST 204 

in the spring of 2004 than that in the spring of 1984, the OLR anomalies in June 2004 extend farther 205 

eastward with a minimum lower than -40 Wm-2. Therefore, a positive SST anomaly in the preceding 206 

spring plays a major role in triggering the convection development in the following June. 207 

The enhanced warm pool convection and the associated more cloud cover lead to decreased 208 

solar radiation at the surface. In June of 1984 and 2004 (Figs. 8a and 8b), significant negative 209 

downward solar radiation flux anomalies are found from the South China Sea to the east of the 210 

Philippines. The solar radiation flux anomaly patterns evidently resemble OLR anomaly patterns, 211 

thus confirming the essential role of the cloud-radiation effect in the monthly SST change. A 212 

reduced solar radiation results in a decreased local SST (Lu and Lu, 2014; Hu and Wu, 2016). As 213 

shown in Figure 9, negative SST anomalies from the South China Sea to 150°E are approximately 214 

-0.2˚C, with regional anomalies reaching -0.4˚C to -0.6˚C. We note that the SST anomaly value in 215 
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the South China Sea exceeds that to the east of the Philippines because deep convection in June is 216 

mainly located in the South China Sea and the convection to the east of the Philippines is not fully 217 

developed. By comparison, the SST anomalies over regions to the east of Taiwan and to the east of 218 

150°E are opposite in these two years, which resembles their counterparts in spring (Fig. 6). This 219 

implies that the SST anomalies outside of the warm pool are possibly influenced by the ENSO 220 

signal and are less related to the local convection development. 221 

Corresponding to negative SST anomalies in June, the warm pool convection in July is 222 

suppressed with positive OLR anomalies in both years, except that the OLR anomaly center in 1984 223 

is located more southward than that in 2004 (Figs. 7c and 7d). Contrary to June convection, the 224 

suppressed convection in July is associated with less cloud cover, which further induces an 225 

increased solar radiation at the surface. As shown in Figs. 8c and 8d, the solar radiation tends to 226 

intensify in July over the warm pool region. Consequently, SST to the east of the Philippines tends 227 

to rise apparently with an amplitude of 0.5˚C from June to July (Figs. 10a and 10b). Over the South 228 

China Sea in 1984, a decrease in SST is still evident due to excessive convection development in 229 

June (Fig. 7a). We note that a prominent increase in SST to the north of 20°N results from the 230 

annual cycle from June to July and is entirely unrelated to the warm pool convection. Because there 231 

is a lower SST in June 1984 and a higher SST in June 2004 (Fig. 9), the former undergoes a more 232 

evident increase in SST than the latter (Figs. 10a and 10b). 233 

In response to an SST increase in the warm pool, the warm pool convection is enhanced again 234 

with negative OLR anomalies in August (Figs. 7e and 7f). Like June, the major negative OLR 235 
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anomalies in August 1984 are located from the South China Sea to 140°E (Fig. 7e). In August 2004, 236 

the negative OLR anomalies extend southeastward to the equator. We stress that the OLR anomaly 237 

pattern near the equator in August 2004 resembles that in an El Niño developing August, which is 238 

related to the SST anomaly in the central Pacific due to the El Niño development (Xue et al., 2018). 239 

Similar to the case in June, the enhanced convection in August leads to a decrease of the solar 240 

radiation at the surface, especially from the South China Sea to the east of the Philippines (Figs. 8e 241 

and 8f), thus inducing a decrease in SST in August once more (Figs. 10c and 10d). While the major 242 

negative SST difference is located to the east of Taiwan in 1984 with a minimum of -1.0˚C, it is 243 

generally confined to the west of 150°E in 2004. Like the change from June to July, the SST 244 

difference is not exactly in agreement with the negative OLR anomaly center. 245 

In summary, a significant correlation of convective activity over the warm pool between June 246 

and August mainly results from local air-sea interaction. When the warm pool SST is higher in 247 

spring, convection in June tends to enhance together with a decrease in SST. In turn, convection in 248 

July is suppressed due to a decreased SST. Conversely, the suppressed convection in July leads to 249 

an increase in SST. Accordingly, convection in August is enhanced once again. During this process, 250 

the warm pool convection in June is positively correlated with that in August. We emphasize that 251 

this phenomenon is only evident in the warm pool extending from the South China Sea to 150°E, 252 

where a deep convective system is observed in summer. In the equatorial zone to the east of 150°E, 253 

however, OLR maintains a positive anomaly from June to August due to a lower SST associated 254 

with the 1984 La Niña event (Fig. 7, left panel). This consistent anomaly is clearly reflected in the 255 
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monthly OLR correlation (Fig. 2), which is in accordance with previous results (Xue and Zhao, 256 

2017). 257 

Contrary to positive SST anomalies in spring, there are negative SST anomalies in summer 258 

over the warm pool due to enhanced convection especially in June and August (Fig. 11). Since 259 

convection develops earliest in the South China Sea, a lower SST is evident there in 1984 and 2004. 260 

Like the SST anomaly in June (Fig. 9), the SST anomalies to the east of 150°E near the equator are 261 

almost opposite between the two years. In addition to local air-sea interactions, the SST anomalies 262 

in the tropical western Pacific, especially outside of the warm pool, are also affected by the La Niña 263 

in 1984 and El Niño in 2004. 264 

The enhanced convection is associated with more precipitation in the warm pool. Lu and Lu 265 

(2014) classified the summers of 1984 and 2004 over the warm pool into a climate type 266 

characterized by a negative SST anomaly and a positive precipitation anomaly and attributed this 267 

SST-precipitation relationship to the atmospheric forcing. However, our analysis results suggest that 268 

convection development in June actually originates from a higher SST in the preceding spring while 269 

the atmospheric forcing plays a major role in the intraseasonal shift of the OLR anomaly from June 270 

to July. Therefore, not only the concurrent summer SST anomaly but also the preceding spring SST 271 

anomaly must be taken into consideration to fully interpret the warm pool convection anomaly. 272 

 273 

4. Competing effects on the warm pool convection in 1998 and 2007 274 

In addition to the consistent negative OLR anomalies in June and August discussed previously, 275 
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there are consistent positive OLR anomalies (suppressed warm pool convection) in some years. The 276 

most significant positive anomalies are found in 1998, when the OLR anomalies in June and August 277 

exceed a 1 standard deviation (Fig. 1b). The OLR difference between June and August reaches a 278 

maximum in 2007 during the 1979-2013 period, with a positive anomaly in June and a negative one 279 

in August. To further understand the significant correlation of convective activity in the warm pool 280 

between June and August from a different viewpoint, we select 1998 and 2007 for a comparison 281 

with the result in Section 3. 282 

The Niño3.4 Index indicates that both 1998 and 2007 are El Niño decaying years, except that 283 

the El Niño intensity in 1998 is much stronger than that in 2007 (Fig. 12). The maximum of the 284 

monthly Niño3.4 Index during the 1997-1998 El Niño event exceeds 2.0˚C while the maximum 285 

during the 2006-2007 event is approximately 1.0˚C. Furthermore, the El Niño event in 1998 decays 286 

more rapidly and changes into a La Niña state in summer. The Niño3.4 Index in August 1998 is 287 

below -1.0˚C, whereas it is around -0.5˚C in summer of 2007. Due to the influence from El Niño, 288 

there is a consistent higher SST over the Indian Ocean from the El Niño mature winter to the 289 

decaying summer. During the decaying spring, positive SST anomalies are evident in the tropical 290 

Indian Ocean, and the anomaly in 1998 is more prominent than that in 2007 due to the difference in 291 

El Niño intensity (Fig. 13). Some discrepancies are found at a regional scale. While positive and 292 

negative SST anomalies are seen in the Bay of Bengal and to the east of the Philippines, 293 

respectively, in spring of 1998, the opposite SST anomalies appear over these regions in spring of 294 

2007. 295 
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Previous studies showed that, during an El Niño decaying summer, the warm pool convection 296 

is suppressed by Kelvin waves propagating eastward from enhanced convection in the tropical 297 

Indian Ocean (Xie et al., 2009; Wu et al., 2010). As illustrated in Figure 14, the warm pool OLR 298 

maintains positive anomalies in June and July for both years. In August, OLR in 2007 shifts to a 299 

negative anomaly, while a positive anomaly persists in 1998. 300 

The difference in the warm pool OLR anomaly in August between 1998 and 2007 can be 301 

attributed to the competing effects of El Niño forcing and local air-sea interactions. Because the El 302 

Niño intensity in 2007 is much weaker than that in 1998, the convection anomaly over the Indian 303 

Ocean in August 2007 is weaker than that in August 1998 (Figs. 14e and 14f). Furthermore, the 304 

warm pool SST tends to rise with the suppressed convection from June to July. The monthly 305 

difference in SST indicates an increase in SST to the east of the Philippines from June to July, with 306 

a larger increase in 1998 (Figs. 15a and 15b). With an SST increase in July and a weaker forcing 307 

from the Indian Ocean in August 2007, the warm pool OLR shifts to a negative anomaly due to 308 

local air-sea interaction (Fig. 14f). Accordingly, the warm pool SST decreases from July to August 309 

(Fig. 15d). This process is similar to those in 1984 and 2004 as shown in Section 3. By contrast, the 310 

warm pool SST continues to rise from July to August because of a stronger forcing from the Indian 311 

Ocean in 1998 (Fig. 15c). 312 

A comparison between these two years implies that there is a complex relationship between El 313 

Niño and the June-August correlation of convective activity in the warm pool. When an El Niño is 314 

very strong like 1998, the consistent positive OLR anomalies persist from June to August, and the 315 
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El Niño forcing plays a positive role in the significant correlation between June and August. When 316 

an El Niño is not strong like 2007, the effect of local air-sea interactions dominates over the El Niño 317 

forcing to determine the convection anomaly in the late summer. The aforementioned results 318 

indicate that the effect of local air-sea interactions on the warm pool convection is only evident 319 

when the El Niño signal is not strong. Likewise, in strong La Niña years, as in 1989 and 1999, there 320 

is not a consistent anomaly of the warm pool convection between June and August (Fig. 1b). In this 321 

case, the warm pool convection is directly dominated by La Niña forcing although the warm pool 322 

SST is higher in the preceding spring (Xue and Zhao, 2017). 323 

 324 

5. Summary 325 

Based on the monthly OLR data from 1979 to 2013, we found a significant positive correlation 326 

of convective activity over the warm pool between June and August. Years with consistent negative 327 

OLR anomalies (i.e., the enhanced warm pool convection) in June and August play a dominant role 328 

in this correlation. Two prerequisites are essential for this significant correlation, i.e., a higher SST 329 

in the preceding spring over the warm pool and a relatively weak ENSO signal. The former 330 

provides a thermal condition for the convection development in June, while the latter ensures that 331 

the warm pool convection is less affected by ENSO. A correlation analysis based on band-pass and 332 

low-pass filtered data further demonstrates that ENSO is not a major factor in this June-August 333 

correlation. 334 

We select 1984 and 2004 as typical examples to further investigate the physical mechanisms 335 

 15 



for the consistent and significant negative OLR anomalies in June and August. In 1984 and 2004, a 336 

higher SST in the preceding spring over the warm pool leads to enhanced convection in the 337 

following June, which further induces decreased downward shortwave radiation at the surface and 338 

decreased local SST. As a result, convection in July is suppressed and the solar radiation at the 339 

surface tends to rise again together with local SST. Similar to the June convection, the convection in 340 

August tends to enhance once more. During this process, a consistent anomaly appears over the 341 

warm pool in June and August. Clearly, local air-sea interaction plays a dominant role in the 342 

June-August correlation. 343 

In addition to 1984 and 2004, there are some other years in Figure 1 showing consistent 344 

negative OLR anomalies below a -0.5 standard deviation in June and August (i.e., 1981, 1985, 1986, 345 

1990, 2001 and 2012). Figure 16 further shows the composite OLR anomaly for these years. In 346 

general, the composite result shares a common feature with the individual years of 1984 and 2004 347 

in Figure 7. Negative OLR anomalies appear in June and August and are interrupted by a positive 348 

one in July from the South China Sea to the east of the Philippines. However, the significance in 349 

July is statistically lower than that in June and August. Combined with the results in 1984 and 2004, 350 

we are more confident that the local effect is a major driver in the June-August correlation. By 351 

contrast, the anomaly between June and August is not consistent in strong La Niña years although 352 

the warm pool is abnormally warmer in spring. In this case, the warm pool convection is enhanced 353 

throughout the whole summer with a strongest anomaly in July (Xue and Zhao, 2017). Interestingly, 354 

the correlation is only evident in the warm pool where deep convective systems are observed. In the 355 

 16 



equatorial region, however, the OLR anomaly is mainly affected by ENSO instead of the local 356 

effect. 357 

There is a complex relationship between the June-August convection correlation and El Niño. 358 

When an El Niño signal is very strong (e.g., 1998), the consistent positive OLR anomalies induced 359 

by the El Niño forcing throughout the whole summer contribute to the positive convection 360 

correlation. When the signal is not so strong (e.g., 2007), positive OLR anomalies during June and 361 

July can be attributed to the El Niño forcing. After the forcing weakens in August, OLR shifts to a 362 

negative anomaly due to local air-sea interactions. The combined effects of local and remote factors 363 

result in opposite OLR anomalies between June and August. Despite the positive role of strong El 364 

Niño forcing on the correlation, the local effect is the principal reason for the significant positive 365 

correlation of convective activity in the warm pool between June and August. 366 

Previous studies have suggested that, as the strongest signal in the tropics, ENSO plays a 367 

crucial role in the warm pool convection and the EASM. ENSO is also used as a major indicator for 368 

the EASM prediction (Xue et al., 2015). When the ENSO signal is not strong as in 1984 and 2004, 369 

the warm pool convection may be enhanced due to local air-sea interaction from a higher SST in the 370 

preceding spring. In this case, the WPSH tends to retreat eastward with less rainfall in eastern China. 371 

Additionally, the result provides a reliable signal for the EASM prediction. When the ENSO signal 372 

is not strong, the warm pool SST anomaly in spring and the related local air-sea interactions should 373 

be paid more attention, so the EASM prediction can be improved (Duan et al., 2008; Lau and Nath, 374 

2009).  375 
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The results presented in this study show an approximate feature of the warm pool convection 376 

associated with local air-sea interactions based on monthly mean data. It is apparent that we must 377 

delineate the interactions between the warm pool convection and SST in more detail by using daily 378 

data. Moreover, a numeral simulation using an air-sea coupled model is also essential to further 379 

reveal the physical mechanism causing this correlation. 380 
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List of Figures 450 

Fig. 1. Normalized outgoing longwave radiation (OLR) anomaly from 1979 to 2013, (a) June 451 

(solid) and July (dashed), (b) June (solid) and August (dashed), (c) July (solid) and August (dashed). 452 

Fig. 2. Correlation coefficient of OLR in the western Pacific, regions with a correlation coefficient 453 

above the 95% confidence level are shaded, (a) June and July, (b) June and August, (c) July and 454 

August. 455 

Fig. 3. As in Fig. 2, except for the band-pass filtered data.  456 

Fig. 4. As in Fig. 2, except for the low-pass filtered data. 457 

Fig. 5. Niño3.4 Index (unit: ˚C) during 1984-85 (solid) and 2004-05 (dashed). 458 

Fig. 6. Sea surface temperature anomaly (unit: ˚C) in spring, (a) 1984, (b) 2004. 459 

Fig. 7. Monthly mean OLR anomaly (unit: W m-2) in 1984 (left panel) and 2004 (right panel), (a) 460 

June 1984, (b) June 2004, (c) July 1984, (d) July 2004, (e) August 1984, (f) August 2004. 461 

Fig. 8. Monthly mean of downward solar radiation flux anomaly at surface (unit: W m-2) in 1984 462 

(left panel) and 2004 (right panel), (a) June 1984, (b) June 2004, (c) July 1984, (d) July 2004, (e) 463 

August 1984, (f) August 2004. 464 

Fig. 9. Sea surface temperature anomaly (unit: ˚C) in June, (a) 1984, (b) 2004. 465 

Fig. 10. Monthly sea surface temperature difference (unit: ˚C), (a) July minus June in 1984, (b) July 466 

minus June in 2004, (c) August minus July in 1984, (d) August minus July in 2004. 467 

Fig. 11. Sea surface temperature anomaly (unit: ˚C) in summer, (a) 1984, (b) 2004. 468 

Fig. 12. Niño3.4 Index (unit: ˚C) during 1997-98 (solid) and 2006-07 (dashed). 469 

Fig. 13. Sea surface temperature anomaly (unit: ˚C) in spring, (a) 1998, (b) 2007. 470 

Fig. 14. Monthly mean OLR anomaly (unit: W m-2) in 1998 (left panel) and 2007 (right panel), (a) 471 

June 1998, (b) June 2007, (c) July 1998, (d) July 2007, (e) August 1998, (f) August 2007. 472 

Fig. 15. Monthly sea surface temperature difference (unit: ˚C), (a) July minus June in 1998, (b) July 473 

minus June in 2007, (c) August minus July in 1998, (d) August minus July in 2007. 474 

Fig. 16. Composite OLR anomaly (unit: W m-2) for eight years with significant negative OLR 475 
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anomalies over the warm pool below -0.5 standard deviation (i.e., 1981, 1984, 1985, 1986, 1990, 476 

2001, 2004, and 2012), (a) June, (b) July, (c) August, regions above the 95% confidence level are 477 

shaded. 478 
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