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Abstract 21 

El Niño-Southern Oscillation (ENSO) is an important air-sea coupled phenomenon that 22 

plays a dominant role in the variability of the tropical regions. Observations, atmospheric and 23 

oceanic reanalysis datasets are used to classify ENSO and non-ENSO years to investigate 24 

typical features of its periodicity and atmospheric circulation patterns. Among non-ENSO 25 

years we have analyzed a group, called type-II years, with very small SST anomalies in 26 

summer that tend to weaken the correlation between ENSO and precipitation in the equatorial 27 

regions. A unique character of ENSO is studied in terms of the quasi-biennial periodicity of 28 

SST and heat content (HC) fields over the Pacific-Indian Oceans. While the SST tends to 29 

have higher biennial frequency along the Equator, the HC maximizes it in two centers in the 30 

western Pacific sector. The north-western centre, located east of Mindanao, is highly 31 

correlated with SST in the NINO3 region. The classification of El Niño and La Niña years, 32 

based on NINO3 SST and north-western Pacific HC respectively, has been used to identify 33 

and describe temperature and wind patterns over an extended-ENSO region that includes the 34 

tropical Pacific and Indian Oceans.  35 

The description of the spatial patterns of the atmospheric ENSO circulation has been 36 

extended to tropospheric moisture fields and to low-level moisture divergence during 37 

November-December-January, differentiating the role of El Niño when large amounts of 38 

condensational heat are concentrated in the central Pacific, from La Niña that tends to mainly 39 

redistribute heat to Maritime Continents and higher latitudes. The influence of the described 40 

mechanisms on the equatorial convection in the context of the variability of ENSO on longer 41 

timescales for the end of the 20th century is questioned. However, the inaccuracy of the 42 

atmospheric reanalysis products in terms of precipitation and the shorter time length of more 43 

reliable datasets hamper a final conclusion on this issue.44 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1. Introduction 45 

 El Niño is the most powerful large-scale phenomenon in the Northern Hemisphere. In 46 

1980’s, the process of El Niño and Southern Oscillation (ENSO) was discussed intensely (for 47 

example, Barnett, 1985; Yasunari, 1985; Gutzler and Harrison, 1987), concluding that the 48 

anomaly fields of wind and sea surface temperature (SST) evolve in the Indian Ocean and 49 

propagate eastward over the Pacific Ocean, culminating in an El Nino event. Besides, it was 50 

soon realized that there is a reverse process (La Nina) with cold SST anomalies, tending to 51 

propagate westward in the Pacific (McPhaden and Zhang, 2009), and opposite wind 52 

anomalies. Recently, Izumo et al., 2010 proposed a mechanism for this propagation from the 53 

Indian Ocean to the Pacific, propagation also observed for La Nina events.  54 

 The domain of original ENSO region was only the tropical Pacific Ocean (20°N-20°S). 55 

See, for example, the summary of Aceituno (1992). However, as seen for example in Barnett 56 

(1985), the Pacific and Indian sectors are considered as the connected ocean in terms of the 57 

eastward propagation of the atmospheric disturbances. In this respect, it is possible to identify 58 

an extended ENSO region that includes the Indian Ocean, and that is larger than the ENSO 59 

region defined by Aceituno (1992).  The positive and negative ENSO phases are mutually 60 

related. And yet the El Nino/La Nina processes do not occur in sequence, but pause periods 61 

(non-ENSO) or “benign” periods (Type-II cases) may occur between them, as will be 62 

discussed later. 63 

Hunt (1999) stresses that the frequency of El Niño phenomena is essential to consider the 64 

variation of climate on the decadal scale. Hansen et al. (1999) have examined the historical 65 

record of the temperature at the Earth’s surface. The temperature averaged between 23.6ºN 66 

and 23.6ºS in their figure (their Fig.7) shows a clear tendency to shift from negative to 67 

positive anomalies after 1976. Similarly, the temperature index over the whole globe exhibits 68 

an increasing tendency with years. 69 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In this paper, discussion starts with the issue of ENSO in general. Wright  (1985), Ju and 70 

Slingo (1995) and Wang et al. (2000), for example, pointed out that the timing of ENSO peak 71 

is centered on the northern hemisphere winter (NDJ, or DJF), and that anomalous surface 72 

winds and SST emerge only in specific years. SST in the eastern Pacific may be influenced by 73 

the monsoon convection through the tropical biennial oscillation (TBO; see Meehl, 1987, 74 

1997; Shen and Lau, 1995; Tomita and Yasunari, 1996; Chang and Li, 2000). In particular, 75 

the TBO has been identified as the biennial oscillation of the Indian and Australian monsoon 76 

rainfall and it is associated with variations in the tropical atmospheric circulation and tropical 77 

ocean SSTs (e.g. Meehl, 1987; Lau and Yang, 1996; Chang and Li, 2000; Pillai and 78 

Mohankumar, 2008). In general, ENSO emerges over the tropical Pacific Ocean. ENSO 79 

variability may have been influenced by the climate shift occurred in 1976. After that, for 80 

example, the relationship between ENSO and the Asian Monsoon changed considerably 81 

(Kumar et al., 1999; Miyakoda et al., 2000, for example). However, this change on decadal 82 

timescale may not be statistically significant (Gershunov et al., 2001). 83 

Webster (1972) and Newell et al. (1972) tried to explain the heating process of the 84 

atmosphere-ocean system in terms of condensation. However, their papers were presented too 85 

early. Retrospectively it starts to be clear after 1976 that the heat related to water vapor may 86 

be linked to increase in SST.  One of the issues of this study is to investigate the role of the 87 

equatorial convection in the warming trend of the recent decades, and its connection with El 88 

Niño events.  89 

The paper is organized as follows. Section 2 describes the main datasets and indices used 90 

in the analysis. Section 3 includes the description of the time evolution of El Niño/La Niña 91 

events, and the 3-year correlation diagram. Section 4 presents a frequency analysis of the 92 

quasi-biennial periodicity.  Section 5 describes the atmospheric component of the ENSO 93 

oscillation with particular emphasis on the spatial patterns. Section 6 presents the energetics 94 

in ENSO events, particularly the precipitation in the equatorial zone.  Finally, Section 7 95 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contains the main conclusions. 96 

 97 

2. Datasets and indices 98 

2.1 Data 99 

The overall approach is to use observations, when available, and re-analysis data. 100 

Atmospheric and moisture fields are taken mostly from the ECMWF (European Centre for 101 

Medium-Range Weather Forecasts) reanalysis (ERA-40), covering 44 years from 1958 to 102 

2001 (Simmons and Gibson, 2000), though it has recently been expanded to include the data 103 

from 1957 to 2002 (Andersson et al., 2004; Uppala et al., 2005). SST data come from the 104 

HadISST dataset (Rayner et al., 2003). Ocean heat content (HC) data from 1958 to 1999 are 105 

taken from an ocean re-analysis product (Masina et al., 2004). The HC is defined as the mean 106 

integrated temperature over the first 316 m ocean depth. In this data assimilation, the 107 

atmospheric data used for the fluxes at the ocean surface are taken from the NCEP/NCAR 108 

reanalysis (Kalnay et al., 1996). 109 

Another crucial quantity in this paper is the rate of precipitation. According to Janowiak 110 

and Arkin (1991) and Adler et al. (2003), the information of precipitation amount can be 111 

derived from satellite observation, i.e., GPCP (Global Precipitation Climatology Project). 112 

Therefore, “GPCP climatology is considered a new standard” for the precipitation, though it 113 

is only available after 1979. Other datasets of precipitation are used as well. In particular, 114 

atmospheric data assimilation outputs coming from the ERA-40 (ECMWF dataset, Uppala et 115 

al., 2005), the NCEP-DOE (R-2) (Kanamitsu et al., 2002), and the JRA-25 (Japan 116 

Meteorological Agency, 2007) are taken. Actually, ERA-40 seems to include some suspicious 117 

components (Kallberg et al., 2005) but it is one of the few datasets covering the period before 118 

1979. Another long dataset is the NCEP/NCAR reanalysis (Kalnay et al., 1996) and it has 119 

been included in the analysis for completion.  120 

2.2 Indices 121 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One of the most crucial issues is the selection of El Niño and La Niña events. Following 122 

the approaches of Rasmusson and Carpenter (1982), Horel and Wallace (1981) and Trenberth 123 

(1997), for example, El Niño years are selected by the values of NINO3 or NINO3.4 SST. 124 

The NINO3 index corresponds to the SST averaged in the region 5ºN-5ºS, 150ºW-90ºW, 125 

while NINO3.4 region is located at 5ºN-5ºS, 170ºW-120ºW. In this connection, Shukla (1995) 126 

and Wang et al. (2000) have found interesting and probably important evidence. The peaks of 127 

these phenomena tend to be locked to a particular season, i.e., the boreal winter (NDJ). The 128 

seasonal phase-locking has been discussed by numerous studies addressing different theories 129 

for the ENSO demise (e.g. Harrison and Larkin, 1998; Wang, 2001; Vecchi and Harrison, 130 

2003; Lengaigne et al., 2006), even though Neelin et al., 2000 showed that some El Nino 131 

events may have a peak or local maximum in fall or even in the spring season.  132 

In this study to identify El Nino years we used NDJ NINO3 SST from the CDC/NOAA 133 

website.  In this way, El Niño years treated in this paper are: 1963/64, 65/66, 68/69, 72/73, 134 

76/77, 82/83, 86/87, 87/88, 91/92, and 97/98 (see Table A1) with the season peak at NDJ. For 135 

example, NDJ 1963/64 implies that ND(63) and J(64). 136 

Trenberth (1997) states that NINO3.4 SST is most appropriate for determining ENSO. 137 

However, Yang et al. (2006) found, based on the sensitivity studies, using the “Breeding” 138 

method, that the most sensitive area for perturbation of SST is the region around NINO3, as 139 

opposed to NINO3.4. In other words, the selection of NINO3 may be justified by the 140 

perturbation theory for a coupled atmosphere-ocean model, even if Yang et al. (2006) results 141 

may be strongly model dependent. From an observational point of view, the eastern edge of 142 

the warm pool in the central Pacific seems to be the place where the atmospheric response is 143 

the strongest (e.g. Palmer and Mansfield, 1984; Kessler et al., 1995; Picaut et al., 1996). 144 

However for the selection of El Niño years, NINO3 or NINO3.4 SST, give the same result. 145 

The La Niña years are selected by the values of the NDJ HC (heat content) anomalies in 146 

the northwestern lobe (130ºE-170ºE, 2ºN-10ºN) of the Tropical Pacific Ocean. The above 147 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criterion may be partially justified in the framework of the recharge-discharge oscillator 148 

theory (Jin, 1997a,b) for ENSO, following the pioneer hypothesis by Wyrtki (1975) that heat 149 

content growth in the western Pacific is precursor to ENSO. Actually, the northwestern lobe 150 

area defined here is smaller than the western Pacific region considered by Wyrtki (1975) and 151 

Jin (1997a,b), however as the correlation coefficient between northwestern lobe NDJ HC and 152 

NINO3 NDJ SST is high (-0.78), its usage to identify La Nina years is proper. In fact, as 153 

shown in Table 1, La Nina years chosen according to it agree with previous studies 154 

classifications. Further, the western lobe here defined is close to NINO6 region (140ºE-160ºE, 155 

8º-16ºN), as defined by Wang (2001) looking for a unified oscillator model for ENSO. The La 156 

Niña years we selected are: 1964/65, 67/68, 70/71, 73/74, 75/76, 88/89, 95/96, and 99/00 (see 157 

Table A1), with the peak season being NDJ as for El Nino.  158 

Our selections, for both El Nino and La Nina years, mostly agree with previous 159 

classifications based on other parameters. For example, Ropelewski and Halpert (1996) 160 

classified El Nino and La Nina based on precipitation, and compared to the present study they 161 

excluded two cases for El Nino (i.e. 1963/1964 and 1987/1988). Prior to the above, Schneider 162 

and Fleer (1989) investigated El Niño based on SST, particularly over the area of 130ºW-163 

80ºW, 0º-5ºS, close to NINO3. Their selection between 1957 and 1985 agrees exactly with the 164 

present paper. Harrison and Larkin (1998) and Larkin and Harrison (2002) provided a 165 

classification based on SST and wind fields, and their selections exclude one case for La Nina 166 

and two cases for El Nino. A summary of the differences between the classification of La 167 

Nina years used in the present study and some previous works is shown in Table 1. Overall, 168 

the selections mentioned differ by few cases (at least one or two) and according to that the 169 

analysis is supposed to be almost invariant. 170 

For the study of the atmospheric issue in the equatorial belt, the amount of rainfall is a 171 

good or perhaps best indicator for the dynamics in the tropics.  Navarra et al. (1999) extended 172 

the concept to use the distribution of rainfall along the tropical belt. TOI (Tropical-wide 173 



8 

Oscillation Index) is defined as the first principal component of the precipitation averaged 174 

between 30ºN to 30ºS around the globe, where the “first principal component” is the time 175 

series of the first proper-values in the empirical orthogonal function (EOF). 176 

 177 

3. ENSO oscillation 178 

3.1 Three types of equatorial SST distribution 179 

Figs. 1a, 1b, 1c show three states of SST distribution over the Pacific-Indian Oceans sector 180 

related to La Nina, El Niño and type-II cases, respectively. It evidences that, differently from 181 

El Nino and La Nina events, type-II years tend to have smaller anomalies in the region 182 

considered.  The identification of type-II cases, mostly related to events having small SST 183 

amplitudes, is described in Navarra et al. (1999). Further details are given below and 184 

summarized in Appendix A.  185 

Fig. 2 shows monthly mean SST anomalies averaged in NINO3 region from January to 186 

July organized into two groups: some El Nino and La Nina cases and a number of non-ENSO 187 

events (panel a), and the type-II cases classified in table A1 (panel b). Barnett (1991) has 188 

shown a similar diagram using surface zonal winds. Fig. 2a indicates that, after the peaks in 189 

NDJ, the SST in the east (NINO3 region) decreases rapidly in the boreal spring, in agreement 190 

with the climatology. Navarra et al. (1999) identified JAS as the correct season to highlight 191 

type-II years in terms of SST anomalies. In fact, the zero-line crossing in spring is common to 192 

ENSO and non-ENSO years (fig. 2a), but small values of SST in JAS are typical of the Type-193 

II cases alone (fig. 2b) (see Appendix A for more details on the classification of type-II 194 

years). 195 

Many studies have shown the relationship between ENSO and the Tropical Biennial 196 

Oscillation (TBO) (i.e. Rasmusson and Carpenter, 1983; Yasunari, 1990; Webster and Yang, 197 

1992; Kirtman and Shukla, 2000). For example, Yasunari (1990) shows a lag correlation 198 

diagram between the Indian monsoon index, AIR, and the SST in the western equatorial 199 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Pacific (130°E-150°W). The correlation is negative in the previous summer and becomes 200 

positive in correspondence of monsoon time and in the months that follow, peaking in winter. 201 

In the context of the TBO/ENSO relationship spring is the crucial season for the transition 202 

from relatively strong to relatively weak monsoons (e.g. Meehl, 1997).  203 

3.2 The 3-years correlation diagram: All cases 204 

Fig. 3a shows the correlation coefficients between TOI(JAS) and SST monthly anomalies. 205 

The x-axis extends from the western Indian Ocean to the eastern Pacific Ocean, thus 206 

including the Maritime Continent (MC) sector; the ordinate consists of three years (i.e. Y(-1), 207 

Y(0), Y(+1), from top to bottom, where Y(0) corresponds to the year of the JAS average). 208 

Hereafter, this type of diagram will be called “the 3-year correlation diagram”. It has been 209 

already used in literature, i.e. by Lau and Yang (1996) and by Shen and Lau (1995), with the 210 

correlation computed between SST and an East Asian Summer Monsoon index. The “3-year 211 

correlation diagram” differs from the classical Hovmöeller diagram because the ordinate has 212 

only three years (lagged correlations) instead of multiple years. A 3-year representation is 213 

chosen as it fits better the ENSO evolution, possibly related with the TBO timescale.  214 

Fig. 3a shows a number of useful information. The domain in x-direction is divided into 215 

three parts, i.e., the Indian sector (50ºE-100ºE), the MC-Western Pacific sector (100ºE-216 

160ºE), and the central eastern Pacific sector (160ºE-80ºW). The MC-Western Pacific 217 

includes the Maritime Continents region (120°-130°E) and the Western Pacific (warm-pool) 218 

region (130°-160°E), whose eastern bound has been identified in previous studies (Picaut et 219 

al., 1996; Bosc et al., 2009; Maes et al., 2010). According to the sign of the correlation, the 220 

temporal axis is divided into two main parts i.e. Apr(-1) – Apr(0) and Apr(0) – Oct (+1) in the 221 

Indian sector. Similarly the Pacific sector is divided in two parts, i.e., Jan(-1) – Jan (0) and 222 

Jan(0) – Jul (+1). The MC-Western Pacific sector is characterized by positive correlations 223 

from Apr(0) to Feb (+1) peaking in the late summer. NINO3.4 is located at 170ºW-120ºW, 224 

where the correlation coefficient reaches its negative maximum at Oct(0)-Feb(+1).  225 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Fig. 3a permits to evidence the oscillation in the Pacific Ocean.  In fact, Pacific SST is 226 

positively correlated with TOI(JAS) from Y(-1) to Y(0), and then negatively from Y(0) to 227 

Y(+1), consistently with the ENSO period. Y(0) represents a transition for a change in the 228 

sign of the correlation not only for the central eastern Pacific sector, but also for the Indian 229 

and the MC-Western Pacific sector (fig. 3a).  230 

3.3 The 3-years correlation diagram, excluding type-II cases 231 

By definition, type-II years have weak SST anomalies in JAS and they may influence the 232 

relationship between ENSO and the tropical precipitation in summer. To investigate more on 233 

that we excluded the type-II cases, defined in table A1, from the entire SST time series and 234 

we repeated the correlation obtaining Fig. 3b. That is, the lagged correlation between JAS 235 

TOI and monthly SST anomalies is done for all the years in the record except for the ones 236 

classified as Type-II, as reported in Table A1. A comparison between the two panels suggests 237 

that excluding type-II years the correlation coefficients between JAS TOI and monthly SST 238 

increase for the whole domain considered. This result confirms that a quasi-biennial 239 

relationship between SST and JAS TOI is strengthened excluding those years that have a 240 

weaker signal in summer. In fact, as described in Navarra et al. (1999), the type-II years 241 

inhibit the ENSO-monsoon teleconnection in summer. 242 

The similar correlation pattern to Figs. 3a and 3b can be obtained by other indices as well, 243 

such as the Southern Oscillation Index (SOI), or Indian Monsoon Index (AIR) (not shown), 244 

but the highest correlations are obtained by TOI. Miyakoda et al., (1999) provided an 245 

exhaustive investigation of the sensitivity of this analysis to the choice of the tropical index. 246 

According to the index chosen, the intensity of the correlation may change but overall the 247 

patterns are confirmed. In the Pacific and Indian Oceans, the transition from positive to 248 

negative correlations between SST and TOI with respect to Y(0) intensifies in fig. 3b, as the 249 

values increase in Oct(0)-Jul(+1). In the Pacific sector, the positive correlation coefficients are 250 

intensified during July-October of Y(-1). Lau and Nath (1994) defined the kind of 251 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teleconnection described in fig. 3 “the bridging effect”. The bridge is related to an 252 

increase/decrease of the Walker circulation and of its ascending branch over the MC. 253 

According to that, events like the Indian Ocean Dipole (IOD) and ENSO may co-occur 254 

(Murtugudde et al., 2000; Annamalai et al., 2003).  255 

  256 

4. The quasi-biennial signature 257 

4.1 The spatial distribution of the quasi-biennial signature 258 

Trenberth (1975) reported the TBO signature in his EOF analysis of the sea-level pressure 259 

and SST fields in the Australian area. Since then, the geographical distributions of the 260 

biennial periodicity have been presented by a number of authors for SST, surface wind, and 261 

precipitation. For example, Ropelewski et al. (1992) showed the connection between the 262 

Indian monsoon and the equatorial Pacific process in terms of the surface wind fields.   263 

 The method of “frequency analysis” by Murakami (1979) is capable of handling this type 264 

of problem, as was demonstrated by Tomita and Yasunari (1996). Figs. 4a and 4b display the 265 

distributions of quasi-biennial periodicity in SST and HC, respectively, obtained by this 266 

method. The reason for the success is as follows. The “wavelet analysis” is suitable for the 267 

time series of data that include sharp peak of periodicity, for example, at 24 months. On the 268 

other hand, if the time series include broadband periodicities such as 18-36 months together 269 

with 12 months, the “frequency analysis” is more suited. 270 

 Figs. 4a and 4b indicate the percentage (%) at which the anomalies of 18-36 month 271 

periods (quasi-biennial period) occupy relative to the total variability of SST and HC, 272 

respectively. SSTA and HC data are taken from the ocean analysis by Masina et al. (2004). 273 

Fig. 4a is similar to that of Tomita and Yasunari (1996) (their Fig. 7), though crucial 274 

differences exist.  First, Fig. 4a shows that the most outstanding area of the quasi-biennial 275 

periodicity for SST is located along the equator (west of NINO3.4) with the secondary center 276 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in the MC.  The location of the secondary center is very close to the northern “lobe” in the 277 

MC region (east of the Mindanao). 278 

The regions with the largest quasi-biennial periodicity in terms of SSTA (fig. 4a) 279 

correspond to the location of the key SSTA regions for the identification of the dateline El 280 

Nino (Larkin and Harrison, 2005) or of El Nino Modoki (Ashok et al., 2007). The 281 

identification of this new type of El Nino follows the finding that toward the end of the 20th 282 

century warmer SST anomalies were more common toward the centre of the Pacific Ocean 283 

rather than in the east, eventhough a clear explanation of this difference is still missing (Latif 284 

et al., 1997; Larkin and Harrison, 2005; Ashok et al., 2007; Kao and Yu, 2009; Kug et al., 285 

2009; Yeh et al., 2009). 286 

 Now we go one-step further. The map of Tomita and Yasunari (1996) shows the wide 287 

spread of quasi-biennial periodicity in South China Sea, the MC, New Guinea, east of 288 

Australia (the Arafura Sea), and separately the eastern equatorial Pacific.  In our study, the 289 

quasi-biennial periodicity centers for SST are located west of NINO3.4, as opposed to 290 

NINO3. The maximum is more than 50%. There is another center (45%) near Philippine 291 

Island, which is related to the northerly flow at 1000 hPa (see later Fig. 5b). One of the 292 

conspicuous differences from the figure of Tomita and Yasunari (see their Fig. 1) is the 293 

biennial center of SST over the South China Sea. The biennial SST in this area has been 294 

stressed by Shen and Lau (1995), and Kawamura (1998), among others. According to these 295 

authors, the biennial oscillation in the South China Sea may belong to the Asian monsoon, 296 

which is a relatively different phenomenon. 297 

A peculiar center of extremely large percentage is found off the Mexican coast in the 298 

Pacific (at 13ºN) for both SST and HC fields (Fig. 4). The map of Tomita and Yasunari 299 

(1996) (their Fig. 1) also shows a similar center, but a complete explanation of the existence 300 

of that maximum of periodicity is missing. In the Indian Ocean, there is a center for SST (max 301 

45%), which is located in the South Indian Ocean (east of Madagascar), and that could 302 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correspond to the subtropical dipole as discussed by Fauchereau et al. (2003). There is no 303 

center of this biennial periodicity in the North Indian Ocean. 304 

The quasi-biennial component is clearly found in the HC too (Fig. 4b). The primary center 305 

is at western end of the Pacific Ocean for both sides of the equator (max 47.3%). The northern 306 

center is located east of Mindanao, i.e. 10ºN and 130ºE-150ºE, and the southern center is east 307 

of New Guinea, i.e. 6ºS, 160ºE-170ºE, though the size of the latter is small. They are the so-308 

called “lobes”. There is another center (max, 45%), i.e., eastern end of the Pacific Ocean, 309 

120º-90ºW. In the Indian Ocean, there is a strong center for HC (max 50%) in the South 310 

Indian Ocean. As for the SST case, there is no center in the North Indian Ocean. 311 

It can be summarized that the centers of quasi-biennial periodicity are narrower in the HC 312 

(Fig. 4b) than those in the SST (Fig. 4a), see for example the 35% contour line. Previous 313 

studies have analyzed the biennial character for precipitation (Lau and Sheu, 1988), and for 314 

SST (Shen and Lau, 1995 and Tomita and Yasunari, 1996). 315 

4.2 The quasi-biennial mode in El Nino oscillation  316 

Tomita and Yasunari (1996) mentioned that to understand the role of the ENSO/monsoon 317 

system in the biennial oscillation it is important to identify the years accordingly. Meehl 318 

(1994) explained the TBO phases identifying the role of convective heating anomalies in the 319 

Western Pacific altering the atmospheric circulation in winter, thus influencing the evolution 320 

and behavior of the subsequent summer monsoon over South Asia. 321 

Wright (1985); Ju and Slingo (1995); and Wang et al. (2000) have shown the pattern of 322 

atmospheric temperature over the Pacific and Indian Ocean in the cases of non-Type-II cases.  323 

The patterns of atmospheric temperature at 1000 mb, for example, are almost symmetrical 324 

around the equator, while those at 300 mb are shifted to Northern Hemisphere by 5°. These 325 

figures (not shown) illustrate that the patterns over the Pacific are divided into two types. The 326 

pattern of temperature at higher levels is of  “butterfly type”, while that at lower levels is of 327 

”horseshoe type” (see Navarra et al., 1999). The butterfly pattern is found in upper 328 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tropospheric temperature (e.g. 200 and 300 mb), while the horseshoe pattern is found in the 329 

lower tropospheric temperature (e.g. 700, 850 and 1000 mb).  The pattern at 500 mb is a 330 

mixture of the features for the upper and lower troposphere.                          331 

   In summary, the quasi-biennial periodicity has main centers in correspondence of the La 332 

Niña/El Niño oscillation sectors, including the Indian Ocean. Combining results from fig. 3 333 

and fig. 4, these centers may be linked with the TBO as well. In the troposphere of MC 334 

region, the TBO might be related to another oscillation, the stratospheric quasi-biennial 335 

oscillation (QBO), though the association is not strong (for example, Giorgetta et al. 2002; 336 

Yamanaka – personal communication). Wright (1968) speculated differences between TBO 337 

and QBO, as he wrote that the former “appears not to be directly related to the stratospheric 338 

26-month cycle”.  339 

 340 

5. The atmospheric part of the ENSO oscillation 341 

5.1 The circulation over ENSO region 342 

Despite the complexity of the climatology of wind system in non-ENSO years, the ENSO 343 

years show a quite systematic and simple picture, at least in terms of large-scale circulation.  344 

ENSO is basically an air-sea coupled system and the Pacific Ocean has a relatively long 345 

ocean adjustment timescale. Therefore, a higher degree of predictability can be expected 346 

compared to other climate modes. As mentioned in section 4.2, the lower troposphere 347 

temperature (T1000) pattern shows simple and systematic structure (i.e., the horseshoe 348 

pattern; Wang et al., 2000). Fig. 5b shows the composite of wind anomalies at 1000 mb for El 349 

Niño cases based on the ERA40 data. In particular, the anomalies are computed by averaging 350 

wind values from 10 El Niño events in the period 1958-2001 (as selected in section 2), in the 351 

figure wind anomalies vectors have been masked if not significant at 95% level (fig. 5). The 352 

geopotential height patterns are included in fig. 5 as contours (blue (red) colors correspond to 353 

negative (positive) values, respectively, and H/L letters evidence positive/negative 354 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geopotential height anomalies). During El Nino events, the maximum of wind speed 355 

anomalies at 1000 mb level is located at 175ºW, just south of the Equator (fig. 5b). 356 

Considering Pacific and Indian sectors, highs of geopotential height are located around 130°E 357 

(about over New Guinea in the MC region, slightly south of the Equator). In the lower 358 

atmospheric levels, strong north-easterlies anomalies are positioned in the equatorial eastern 359 

Indian Ocean (fig. 5b), this pattern is reminiscent of wind anomalies correspondent to a 360 

positive IOD (Reverdin and Luyten, 1986; Saji et al., 1999; Webster et al., 1999; Murtugudde 361 

et al., 2000).  362 

Over latitudes, the circulation extends north and south almost symmetrically within 30ºN-363 

30ºS around the equator in NDJ, while outside of 30ºN-30ºS the activity is stronger in 364 

Northern Hemisphere, and the high regularity cannot be guaranteed. At low level, the effect 365 

of geography dominates the circulation pattern such as the winds east of Borneo and South 366 

China Sea as well as the winds around Australia (fig. 5b).           367 

At 200 mb level, the circulation is more symmetrical around the equator and the wind 368 

directions are just opposite compared to 1000 mb patterns (Fig. 5). The coherent and 369 

systematic picture at 200 mb level (Fig. 5a) is characteristic of upper-atmosphere couplet in 370 

both hemispheres. The corresponding temperature field, as previously mentioned, is “the 371 

butterfly pattern” (not shown). This feature of circulation was shown earlier by Horel and 372 

Wallace (1981) and Arkin (1982) for the global domain. Horel and Wallace (1981) presented 373 

a schematic pattern of upper tropospheric circulation, associated with an ENSO event. Arkin 374 

(1982) also showed a pair of anticyclonic/cyclonic anomalies straddling the equator during 375 

periods of -SOI/+SOI.  These pictures are now extended to the Indian Ocean. 376 

5.2 The ENSO oscillation and its time variability 377 

One of the objectives of this section is to show how the effect of ENSO carries the heat to 378 

various regions, and to understand what kind of processes is going on, particularly related to 379 

ENSO and its variability. SSTA from the HadISST dataset (Rayner et al., 2003) are averaged 380 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in the three areas indicated in Fig. 6a, and shown in figs. 6b, 6c, 6d. In these figures SST are 381 

used instead of global surface temperature and NDJ means are computed instead of 12-382 

months means as in Hansen et al. (1999). The panel at the bottom (Fig. 6d) shows the time 383 

series of SST in NINO3.4. The middle panel (Fig. 6c) shows SST in the extended ENSO 384 

region, that corresponds to the tropical (20°S-20°N) Pacific and Indian Oceans. The top panel 385 

(Fig. 6b) shows SST in the broadest ocean area between 45ºS-45ºN, thus including both the 386 

extended ENSO and NINO3.4 regions. 387 

Figs. 6b, 6c and 6d suggest the following. First, in Fig. 6d (NINO3.4 region), the positive 388 

peaks correspond to the warm phase (El Niño), and the negative peaks correspond to the cold 389 

phase (La Niña) of ENSO. Second, in Fig. 6c (extended-ENSO region), the amplitudes of 390 

SST are slightly reduced from those of NINO3.4, but they have the same interannual 391 

variability because the SST anomalies are stronger in the central-eastern Pacific than in the 392 

western Pacific-Indian sector. The anomalies shown in fig. 6c tend to be negative before 393 

1975, but positive after 1976. In the literature it has been shown that the Indian sector 394 

experienced a trend in the SST forced by ENSO (Wallace et al., 1998; Saji et al., 1999), 395 

moreover in the 1980s and 1990s the ENSO events have been more intense than before. 396 

Thirdly, the anomalies shown in Fig. 6b are small, but they have the same interannual 397 

variability of the time series shown in figs. 6c and 6d. Actually, they tend to be negative 398 

before 1976 and positive just after. Fig. 6b contains the signal of the temperature increase 399 

experienced by the Earth in the recent decades and mostly attributed to global warming 400 

(Hoerling et al., 2008) and possibly the signal of the climate shift registered in the mid-70s 401 

(Miller et al., 1994). If the same analysis is applied to a longer timeserie (e.g. from the end of 402 

the 19th century to the present), the trend of the SST averaged in the global ocean between 403 

45°S-45°N (“largest domain” in fig. 6) is still evident, while in the other smaller domains it is 404 

harder to identify a shift but a decadal timescale variability is detectable. In any case for the 405 

purpose of the present study, the focus is on the weight ENSO has on the climate variability. 406 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To link the results from the SST fields to the atmosphere, we have repeated the 407 

computations of fig.6 but applied to dry and moist static energy at low levels (fig.7, energy is 408 

averaged in all grid points without any masking). Dry static energy is defined as 409 

€ 

cpT + gz                                                                   (1) 410 

where cp is the specific heat at constant pressure, T is atmospheric temperature, g is gravity 411 

acceleration and z is geopotential height. The moist static energy is the sum of (1) with the 412 

moist component Lq, where L is the latent heat and q is specific humidity. For both moist and 413 

dry static energy, the peaks in fig. 7c correspond to the peaks in the SST (fig. 6d), and 414 

consequently to the warm and cold ENSO phases. The variability of the energy components 415 

averaged in the NINO3.4 region agrees with the averages in the other domains. In particular, 416 

the correspondence between negative and positive peaks in fig. 7a with the El Nino/La Nina 417 

events previously identified, emphasizes the role ENSO plays in the climate variability. 418 

Further, even considering the energy values it is possible to recognize a distinction or a 419 

change in the variability at timescales longer than one year around the mid-70s, mostly for the 420 

extended ENSO region and the area within 45°S-45°N. 421 

The ENSO atmospheric circulation previously described has a crucial role on the way in 422 

which the heat, including its moist component, may be spread over wide areas of the Pacific. 423 

In fact, fig. 8 shows El Nino and La Nina events composite of vertically integrated moisture 424 

component (i.e Lq) of the moist static energy (panels a and b) and of low levels moisture 425 

divergence and low levels moisture fluxes (panels c and d). Low levels refer to the vertical 426 

integral below 700 mb. During El Nino years, maxima of vertically integrated moisture are 427 

localized in the central eastern Pacific Ocean (fig. 8a), while during La Nina positive 428 

anomalies exist in the subtropics, with maxima at around 30° both North and South of the 429 

equator (fig. 8b). These patterns correspond to the low levels tropospheric moisture 430 

divergence (fig. 8c,d; shaded values). In particular, during El Nino events moisture fluxes 431 

converge toward the central eastern Pacific (fig. 8c), while during La Nina it diverges from 432 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the equator toward the subtropics, northeasterly (southwesterly) in the northern (southern) 433 

hemisphere and also to the MC-West Pacific sector (fig. 8d). 434 

The above analysis evidences the role of the atmosphere in transporting heat during ENSO 435 

events. Other studies mentioned El Nino events might be very effective in transporting heat 436 

poleward even through the ocean (Meinen and McPhaden, 2000; Sloyan et al., 2003; Sun, 437 

2008; among others). The intensity of the heat transported by the ocean seems to depend on 438 

the quantity of heat content stored in the western Pacific (e.g. Sun, 2003). Recently, the 439 

observations of more intense central Pacific El Nino events have been related to the SST 440 

warming trend of the Pacific warm pool (Lee and McPhaden, 2010). 441 

Summarizing this section, the El Niño/La Niña events appear to be a major source of the 442 

short-range variation of SST, causing atmospheric convection and transport of heat through 443 

the air. In other words, the SST and energy interannual variability is the same in the three 444 

regions. The atmospheric circulation system agrees with the transport of heat in 445 

correspondence of ENSO events. Besides, the timeseries of SST and energy in the three 446 

domains considered evidence a change in the variability before and after 1970s. The feature 447 

of varying intensities resemble the time series of the First Principal Component of SST over 448 

the equatorial Pacific obtained by Slingo et al. (1999) (their fig. 8), though they use the SST 449 

for all months.  Concerning the 1976 transition, there must be direct causes (e.g. Santer et al. 450 

2003), which are beyond the scope of the present paper.  451 

 452 

6. Energy and convection in ENSO events 453 

Newell et al. (1972) and Webster (1972) represent pioneer studies of the energetics 454 

involved during ENSO. In particular, Webster (1972) points out that “latent heat accounts for 455 

nearly all total variance” of energy and “sensible heat is appreciably smaller than latent heat”. 456 

More recently, the energetics of ENSO has been studied in terms of conversion of energy to 457 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corroborate the delayed oscillator theory (Goddard and Philander, 2000), or in terms of the 458 

energy balance between input and storage in the Tropical Pacific (Brown and Fedorov, 2010). 459 

Webster and Lukas (1992) justified the plan of TOGA (Tropical Ocean-Global 460 

Atmosphere) experiment, which was performed in the Equatorial Pacific east of New Guinea. 461 

They mention that “this area represents contribution from latent, radiation, and sensible 462 

heating” to the global climate. They show the diabatic heating speculated by an analysis of 463 

Hoskins et al. (1989). The amounts of heating were calculated as the residual from the time-464 

averaged thermodynamic equation using the data of ECMWF between 700 and 50 mb for the 465 

boreal winter from 1983 to 1989. According to their analysis, maximum heating is positioned 466 

just north of the Equator with the NDJ mean dominating the annual value, as for the 467 

precipitation pattern (not shown). 468 

In the previous section we have described the main features of ENSO in terms of moist and 469 

dry static energy, as composite patterns and as time variations. The combination of SST and 470 

energy patterns suggests important mechanisms of the El Nino/La Nina oscillation in 471 

connection with its circulation. The condensational heat, at least in terms of lower troposphere 472 

moisture content and fluxes, released in the case of El Niño is quite different from that of La 473 

Niña. In the case of El Niño, it is in the tropical belt between 20ºS-20ºN, and the warm air is 474 

advected eastward in the Indian Ocean and the Pacific Ocean. In the case of La Niña, on the 475 

other hand, the regions of the largest moisture convergence are displaced to the MC, plus 476 

negative divergence anomalies at higher latitudes (fig. 8). Combining the results from figs. 5, 477 

6, 7 and 8 it is possible to argue that the ENSO atmospheric wind dynamics is able to explain 478 

the distribution and the transport of atmospheric heat from the tropics to the extra-tropics. 479 

Due to the lack of precipitation data, an important step toward a global picture of the 480 

condensational heat had to wait for satellite measurements. For example, the outgoing 481 

longwave radiation (OLR) is indeed a good measure of deep convection, and thus of heating 482 

in the Tropics. In particular, the peaks of precipitation tend to occur at the occasions of El 483 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Niño (see for example Arkin and Ardauny, 1989; Janoviak and Arkin, 1991; Xie and Arkin, 484 

1997).  However, OLR data are fully available only from the end of 1970s. To have an idea of 485 

the global precipitation patterns before 1979, we need to refer to the atmospheric reanalysis, 486 

that is the ERA-40 or the NCEP/NCAR, that cover a period longer than the satellite era and 487 

match with the time record of our study (i.e. 1958-2001).  488 

6.1 Precipitation datasets in various reanalysis 489 

 In this section we use precipitation data from the re-analysis dataset averaged in NDJ. 490 

During these months, large amount rainfall areas extend from the MC region to both 491 

northeastward and south-eastward (not shown) in correspondence of ITCZ and SPCZ, 492 

respectively. Fig. 9 shows NDJ mean precipitation anomalies averaged over eastern Indian 493 

and tropical Pacific Ocean (20ºN-20ºS and 80ºE-80ºW) for each year based on a number of 494 

reanalysis and datasets. For the ERA-40 reanalysis (see Andersson et al., 2004), the anomalies 495 

are mostly negative in the first part of the record, and mostly positive in the last one, with the 496 

change around mid 1970s (fig. 9a). A simple relationship between the ENSO events and the 497 

amount of precipitation is not easily identifiable.  498 

The precipitation increase from the 1970s may be related to the reports on sudden change 499 

in the weather condition and in the unusual warming over the Pacific Ocean (see for example, 500 

Douglas et al., 1982, and Nitta and Yamada, 1989). Furthermore, the increase of condensation 501 

is more fundamental and closer to the real cause, i.e. the increase of CO2. As the usage of 502 

precipitation data from re-analysis product is questionable because of their reliability on the 503 

sparse global rainfall data availability, in the next section we compare the ERA-40 outputs 504 

with other available datasets. 505 

Fig. 9 shows NDJ mean precipitation averaged in the tropical Indian-Pacific sector (as in 506 

fig. 9) also for other reanalysis products, i.e. JRA-25 (b), NCEP-R-2 (c), GPCP (d) and 507 

NCEP/NCAR (e). Except for the NCEP/NCAR dataset, the precipitation values are available 508 

only after 1979. In order to compare the amounts of precipitation, a certain reference value is 509 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subtracted equally from the original values of the reanalysis. The reference value that is used 510 

here is the NDJ average at 1980. This value is subtracted from monthly values of JRA-25, 511 

NCEP-R2, and GPCP. On the other hand, the computation for NCEP/NCAR matches with 512 

that applied to ERA-40. The precipitation anomalies with respect to 1980 in GPCP, JRA-25 513 

and NCEP-R2 tend to be positive, even if the values are smaller than for ERA-40 (fig. 9). The 514 

number of data assimilated in ERA-40 and NCEP/NCAR re-analyses strongly increased from 515 

the end of the 1970s, and this may have artificially affected the mean precipitation. 516 

It is known that large differences exist among various versions of precipitation reanalyis 517 

(see Bosilovich et al. 2007). Besides, “the humidity analysis in ERA-40 suffered from several 518 

problems, the most important being the definition of the control variable for 519 

humidity….related to the Pinatubo eruption in 1991” (Kallberg – personal communication). 520 

One of the problems in Qlat of ERA-40 is that the amount of rainfall is overall too large. This 521 

is the most serious deficiency of ERA-40, though other aspects of Qlat in ERA-40 are not 522 

bad. Avoiding this complication, the ERA-40 dataset is considered as “tentative”. A 523 

comparison between NCEP/NCAR and ERA-40 precipitation time series (fig. 9d versus fig. 524 

9a) evidences differences between the two datasets. However, even if the amounts are 525 

different the precipitation in the tropical Pacific belt tends to increase toward the end of the 526 

century and this is confirmed in both datasets. 527 

Adler et al. (2003) and Bosilovich et al. (2007) consider that GPCP is derived entirely from 528 

observation, and therefore, GPCP should be a reference. Fig. 10 shows a focus on the 529 

equatorial precipitation anomalies (80ºE-280ºE, 5ºN-5ºS) in NDJ for GPCP. Adler et al. 530 

(2003) showed a similar plot for NINO3.4 domain. The values of precipitation in each month 531 

of NDJ are similar to each other, if they are within the zonal belt of 5ºN-5ºS. But they deviate 532 

wildly from each other in the slightly wider belt of, for example, 10ºN-10ºS (not shown). In 533 

the 5ºN-5ºS belt maxima correspond to El Niño events.  534 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Further conclusions from fig. 10 are as follows. First, the peaks of precipitation are 535 

associated with 4 El Niños. In Table A1, there are 5 El Niños after 1959. They are 82/83, 536 

86/87, 87/88, 91/92 and 97/98, but the 87/88E is ambiguous in Fig. 10. Second, there are 537 

negative peaks, which roughly correspond to La Niña (see Pavlakis et al., 2006), and the 538 

minima are lower when averaged near the MC region (not shown). Third, there is a peak at 539 

94/95, but its origin is unknown (SST(NDJ) at 94/95 is large). It might be an aborted El Niño. 540 

All aspects of the second and third points agree among GPCP, ERA-40, NCEP-R2 and JRA-541 

25. The correlation coefficient between GPCP and ERA-40 is 0.84, that between GPCP and 542 

NCEP-R2 is 0.66, and that between GPCP and JRA-25 is 0.54. JRA-25 and NCEP-R2 have a 543 

more coherent interannual variability with a correlation coefficient of 0.90. 544 

6.2 Latitudinal distribution of rainfall 545 

Finally, the latitudinal distribution of rainfall is discussed based on the datasets considered.  546 

Zonal mean profiles of NDJ mean precipitation are shown in Fig. 11. For ERA-40 and 547 

NCEP/NCAR the time mean are separated before and after 1976, while for JRA-25, NCEP-548 

R2 and GPCP the whole available record is used (i.e. 1979-2002).  549 

In the ERA-40 the difference in the mean before and after 1976 is limited to the equatorial 550 

tropics (between 9ºN-15ºS), with more intense precipitation in the second half of the record 551 

(Fig. 11a). This clear difference between and after 1976 is not evident in NCEP/NCAR (fig. 552 

11b). The zonal profiles have two peaks with a slight minimum at the equator. The JRA-25 553 

assimilation zonal profile (fig. 11c) is closest to that of ERA40, though the peak at 6ºS is 554 

weaker. It is a questionable which is more reasonable and possibly correct. According to 555 

Kallberg (personal communication), the amount of rainfall that is newly estimated in 556 

European Centre would be reduced substantially. Both JRA-25 and ERA40 have values larger 557 

than GPCP (fig. 11e).  In the extra-tropics, the shapes of curves and the amounts of rainfall 558 

are comparable within the datasets.  559 

 560 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7. Conclusions 561 

Observations and re-analysis datasets have been used to classify ENSO and non-ENSO 562 

years to describe typical features of its periodicity and of its spatial patterns. In particular, El 563 

Nino and La Nina events have been classified using NINO3 SST and western Pacific upper 564 

ocean heat content, respectively. The choice of the heat content and of its average in a specific 565 

region (130°-170°E, 2°-10°N, here defined as “north-western lobe”) of the western Pacific 566 

follows the hypothesis that heat content growth in the western Pacific is precursor to ENSO 567 

(Wyrtki, 1975) in the framework of the recharge-discharge oscillator (Jin 1997a, b). The 568 

north-western lobe here defined includes just a portion of the western Pacific area involved in 569 

the recharge-discharge oscillator paradigm, and to strengthen our choice we have verified that 570 

the heat content averaged there is significantly correlated with NINO3 SST. The classification 571 

we used mostly agrees with previous studies, and for La Nina cases it may probably be related 572 

to oceanic Rossby wave first meridional mode structure that maximizes around 4°-5°S and 4°-573 

5°N. 574 

Among non-ENSO years we have identified the so-called type-II years (Navarra et al., 575 

1999) that are characterized by very small anomalies in summer, differently from El Nino and 576 

La Nina years and from the equatorial Pacific mean climatology. The existence of these years 577 

and their characteristics are important if we consider the relationship between ENSO and 578 

tropical precipitation variability. In particular, considering a three-year time window the 579 

Indian and Pacific sector have comparable correlation in time and intensities between SST 580 

and summer mean TOI, with the MC-Western Pacific sector that represents a sort of transition 581 

between them. When the type-II years are excluded from the analysis, the correlation 582 

coefficients intensify, thus suggesting a strengthening of that relationship. The longitude 583 

extension of the correlation supports the idea of an extended-ENSO region. A frequency 584 

analysis of the quasi-biennial periodicity evidence that SST have higher biennial frequency 585 

variability along the equator west of NINO3, while the HC has those centers in the western 586 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Pacific. In particular, it is possible to identify two lobes, i.e., the northern and southern lobes. 587 

The northern center is located east of Mindanao, i.e., 10ºN and 130ºE-150ºE, while the 588 

southern center is east of New Guinea, i.e., 6ºS and 160ºE-170ºE. The northern lobe has been 589 

used in this study to identify La Niña years. 590 

Considering the spatial patterns of the ENSO composites, the systematic picture of the 591 

mean circulation in terms of the wind patterns in lower and upper troposphere are described 592 

considering an extended-ENSO region that includes also the tropical Indian Ocean. 593 

Combining wind and energy patterns, we can conclude that ENSO plays an important role in 594 

the release of a large amount of condensational heat in the tropics (20ºN-20ºS) with El Niño, 595 

but also on spreading warm air outside the tropics with La Niña. Warming of the tropical 596 

troposphere in correspondence with ENSO events is accompanied by an intensified Hadley 597 

circulation and associated strengthening of the zonal jet streams in both hemispheres (Yulaeva 598 

and Wallace, 1994). 599 

Moist and dry static energy, SST and equatorial mean precipitation tend to peak in 600 

correspondence of El Nino years. Considering the SST variability, the ENSO signature is 601 

evident even when considering larger domains (e.g. global oceans between 45°S-45°N) and 602 

on long timescales it is possible to detect a change in its variability around mid 70s. To relate 603 

these changes to the precipitation around the equator a specific analysis has been performed 604 

using different re-analysis compilations. The datasets available for the whole period of study 605 

(i.e. 1958-2001) are ERA40 and NCEP/NCAR. Both are questioned for accuracy (in the case 606 

of ERA40, the total amount of heat is questioned but not the relative shape of the rain 607 

distribution with latitude), and there is not complete agreement between the two reanalysis, 608 

mainly below 700 mb (Hoskins et al., 1989; Nigam et al., 2000). According to ERA-40, the 609 

amount of rainfall is much larger after 1976 than that before 1976, particularly in the 610 

equatorial tropics. The comparison between ERA40 and other reanalysis products available 611 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after 1979 (i.e. GPCP, NCEP-R2 and JRA-25) evidence some agreements, even if a clear 612 

conclusion cannot be drawn. 613 

The phenomena discussed in this paper are confined to the tropical band (20ºN-20ºS), 614 

where the predictability is larger. ENSO is basically an air-sea interaction, relatively slow, 615 

steady and systematic.  In order to understand the whole structure of ENSO processes, the 616 

thermocline of the ocean should also be included. An analysis of the oceanic component of 617 

ENSO oscillation will be part of a future work. The cause for the 1976 transition has not been 618 

discussed in this paper. It is an interesting question whether this kind of transition may occur 619 

again in the future. 620 

Appendix A – Type-II cases 621 

How to select the type-II cases is described in this appendix. As was mentioned in section 622 

2, the El Niño and La Niña years are selected by the values of SST at NINO3 and the values 623 

of HC in the western lobe, respectively. The remaining years must belong to the type-II or 624 

other unidentified cases. 625 

Table A1 presents the 43 years data series of El Niño/La Niña events and SST anomalies 626 

between La Niña and El Niño in NINO3 (instead of NINO3.4), and HC anomalies in the 627 

western lobe of the Pacific Ocean. This table includes four rows of information for each year. 628 

The first row is the years, starting at 1959 and ending at 2001. The second row represents the 629 

SST anomalies in NINO3 region during NDJ(0), the third row indicates El Niño, La Niña and 630 

type-II years, the fourth row indicates SST anomalies in NINO3 region during JAS(0) and 631 

finally the fifth row shows the heat content anomalies in the region 130°E-170°E, 2°N-10°N 632 

for NDJ(0) (see subsection 2.2). SST and HC used for this table come from the global ocean 633 

analysis described by (Masina et al. 2004). 634 

 Type-II events have been extensively discussed and described in Navarra et al. (1999) and 635 

in Miyakoda et al. (1999). In those studies, they have been identified by means of SST and 636 

precipitation indices in the Equatorial Pacific. In particular, type-II years are characterized by 637 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small SST anomalies during JAS in the NINO3 region (fig. 2b), and they appear to be crucial 638 

for the periodicity of the teleconnection between Asian rainfall and the eastern Pacific 639 

(Miyakoda et al., 1999; Navarra et al., 1999). Analyzing JAS NINO3 SSTA in the ocean 640 

analysis (Masina et al., 2004) we identified as type-II those years having anomalies less than 641 

0.79°C (corresponding to one standard deviation of the SST variability in that period), thus 642 

selecting nine events as shown in Table A1. This selection agrees with results from Navarra et 643 

al., 1999 and Miyakoda et al., 1999. 644 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Tables 892 

 893 
Classification of La 

Nina events 
Trenberth (1997) Ropelewski and 

Halpert (1996) 
Harrison and Larkin 

(1998) 

In common 64/65, 73/74, 75/76, 
88/89, 95/96 

67/68, 70/71, 73/74, 
75/76, 88/89 

64/65, 70/71, 73/74, 
75/76, 88/89, 95/96 

extra 84/85 71/72  

missing 67/68 64/65, 95/96 67/68 

 894 
Table 1: Comparison of the classification of La Nina events used in the present study with 895 

some previous works, i.e. Trenberth (1997), Ropelewski and Halpert (1996) and Harrison and 896 

Larkin (1998). For each study, common, extra and missing cases compared to our 897 

classification are indicated in second, third and fourth row, respectively. 898 

899 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 899 

 1958 1959 1960 1961 1962 1963 1964 1965 1966 1967 1968 
SST(NDJ) -0.61 -0.66 -1.00 -0.94 -1.01 0.57 -1.32 1.01 -0.97 -1.29 0.16 

E/L, II  II    E L E  L E 
SST(JAS) -0.50 -0.71 -1.42 -1.23 -1.28 0.17 -1.71 0.86 -0.79 -1.20 -0.51 
HC (NDJ) -0.97 -1.27 -0.22 0.32 0.83 -0.84 0.62 -1.85 0.37 0.41 -0.05 

 900 
 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 

SST(NDJ) 0.53 -1.71 -1.12 2.13 -1.90 -0.68 -1.32 1.07 0.31 0.01 1.31 
E/L, II II L  E L  L E II II  

SST(JAS) -0.16 -2.00 -0.91 1.48 -1.85 -0.57 -0.89 1.38 0.02 -0.61 1.24 
HC(NDJ) -0.47 0.91 0.89 -1.72 1.40 0.91 1.43 -0.82 -0.22 0.54 0.03 

 901 
 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 

SST(NDJ) -0.27 -0.18 3.07 -0.24 -0.47 -0.32 1.06 0.89 -1.39 -0.24 0.20 
E/L, II II  E   II E E L II  

SST(JAS) 0.01 -0.37 1.59 1.97 -0.45 -0.07 0.58 1.37 -1.55 0.09 0.59 
HC(NDJ) 0.03 1.00 -1.53 -0.12 0.79 0.32 -1.02 -1.28 1.60 0.30 -0.81 

 902 
 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 

SST(NDJ) 1.49 0.26 0.83 1.04 -0.55 -0.46 3.73 0.23 -1.42 -0.40 
E/L, II E    L II E  L II 

SST(JAS) 1.17 0.34 0.92 0.31 0.05 0.11 3.29 1.19 -0.54 0.10 
HC(NDJ) -1.51 -0.62 -0.91 -0.99 0.79 1.11 -2.21 1.32 1.77 1.60 
 903 
Table A1.  Classification of El Niño, La Niña, and type-II years for the period 1959-2001 904 

(SST and HC data are taken from the ocean re-analysis by Masina et al., 2004). SST 905 

anomalies are averaged in the NINO3 region, while HC anomalies are averaged in the region 906 

130ºE-170ºE, 2ºN-10ºN. JAS refers to the year indicated in the 1st row, while NDJ includes 907 

ND of the year specified, and J of the year after.  908 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Figure captions 909 

Figure 1: NDJ mean SST anomalies (°C) averaged between 40N-40S for some (a) type-I-west 910 

years (La Niña, i.e. 1973/74, 1988/89, 1995/96), (b) type-I-east years (El Niño, i.e. 1972/73, 911 

1986/87, 1991/92), and (c) type-II years (i.e. 1978/79, 1985/86, 1989/90) taken from Table 912 

A1. Anomalies are computed with respect to 1958-2001 mean climatology using HadISST 913 

dataset. 914 

Figure 2: Seasonal SSTA averaged in the NINO3 region for (a) some years from 1958 to 915 

2001, including El Nino, La Nina and non-ENSO events (as specified in the legend); and for 916 

(b) the type-II cases classified from Table B1. 917 

Figure 3: (a) “The 3-year correlation diagram” (longitude-time diagram) of lag correlation 918 

between TOI in JAS and monthly SST anomalies averaged in the 100N-100S belt along the 919 

Indo-Pacific region. The ordinate is the lead/lag time from Jan(-1) (top) to Dec(+1) (bottom). 920 

Values lower (larger) than –0.4 (0.4) are shaded.  (b) is the same as (a) but type-II years 921 

(defined in Table A1) are excluded. Note that orange (blue) is used for negative (positive) 922 

correlations. 923 

Figure 4: Ratio (%) of the biennial component (18-36 months band-pass filter) over the total 924 

of (a) SST and (b) HC normalized monthly mean anomalies. 925 

Figure 5: El Niño composites of wind (m/s) directions (vector) and magnitude (shaded), and 926 

of geopotential height (m, as contours) anomalies at (a) 200 mb and (b) 1000 mb. Positive 927 

(negative) geopotential height anomalies are red (blue), and high/low centers (H/L) are 928 

evidenced. Wind vectors and magnitude are masked if not significant at 95% level. 929 

Figure 6: (a) Scheme of the three domains used for the average of SST in the left panels: 930 

NINO3.4 (orange box), extended-ENSO (blue-contoured box) and largest domain (bounded 931 

by solid black lines). (b) NDJ mean SSTA averaged over the largest domain (ocean points 932 

bounded by the solid lines at about 45°N and 45°S). (c) NDJ mean SSTA averaged over the 933 

extended-ENSO region (ocean points within blue-contoured area), and (d) NDJ mean SSTA 934 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over NINO3.4 region (orange box). 935 

Figure 7: NDJ mean anomalies of dry and moist static energy (102 m2/s2) at 1000 mb 936 

averaged (a) between 45°S-45°N, (b) in the extended-ENSO region and (c) in the NINO3.4 937 

region. The energy values have been computed from NCEP/NCAR reanalysis fields. 938 

Figure 8: Composite of NDJ (a,b) vertically integrated moist static energy minus dry static 939 

energy (i.e. Lq) anomalies (106 m2/s2) and (c,d) low levels moisture divergence (kgm-2day-1, 940 

shaded) and low levels moisture fluxes (kgm-1s-1, vectors) for El Nino (upper panels) and La 941 

Nina (lower panels) years, respectively. Low levels field are integrated in the lower 942 

troposphere, below 700 mb. 943 

Figure 9: NDJ mean precipitation anomalies (mm/day) averaged in the tropical central 944 

eastern Pacific of 200S-200N and 800E-2800E based on (a) ERA-40, (b) JRA-25, (c) NCEP-945 

R2, (d) GPCP and (e) NCEP/NCAR reanalysis. 946 

Figure 10: NDJ mean precipitation anomalies (mm/day) averaged in the domain 800-2800E, 947 

50S-50N from GPCP. 948 

Figure 11: Zonal mean NDJ precipitation (mm/day) for (a) ERA40 (before and after 1976), 949 

(b) NCEP/NCAR (before and after 1976), (c) JRA-25, (d) NCEP-R2 and (e) GPCP datasets. 950 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