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ABSTRACT 
 
 

In this study, surface observation and subsurface ocean assimilation datasets are 

examined to contrast two distinct types of El Niño Southern Oscillation (ENSO): an 

eastern-Pacific (EP) type and a central-Pacific (CP) type. An analysis method combining 

Empirical Orthogonal Function analysis and linear regression is used to separate these 

two ENSO types. The EP-type of ENSO is found to have its sea surface temperature 

(SST) anomaly center located in the eastern equatorial Pacific and attached to the coast of 

South America. This type of ENSO is associated with basin-wide thermocline and 

surface wind variations and shows a strong teleconnection with the tropical Indian Ocean. 

In contrast, the CP-type of ENSO has most of its surface wind, SST, and subsurface 

anomalies confined in the central Pacific and tends to onset, develop, and decay in-situ. 

This type of ENSO does not involve thermocline variation and is likely forced by the 

atmosphere. It has a stronger teleconnection with the Southwestern Indian Ocean.  

Phase-reversal signatures can be identified in the anomaly evolutions of the EP-ENSO 

but not for the CP-ENSO. This implies that the CP-ENSO may occur more as events or 

epochs than as a cycle. The EP-ENSO has experienced a stronger interdecadal change 

with the dominant period of its SST anomalies shifted from 2 years to 4 years near 

1976/77, while the dominant period for the CP-ENSO stayed near the 2-year band. ENSO 

indices based on ocean heat content (OHC) were developed to identify these two types of 

ENSO during the period of 1958-2001. It is found that the OHC indices can better 

capture and separate these two types of ENSO than SST-based ENSO indices. During the 

analysis period, most of the strong El Niño events tend to be EP-type of ENSO while 

most of the strong La Niña events tend to be CP-type of ENSO, indicating a spatial 

asymmetry between strong El Niño and La Niña events. It is also noticed that a strong 
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CP-type of La Niña tends to follow a strong EP-type of El Niño. Weaker ENSO events 

could be combinations of both types of ENSO. 
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1. Introduction 
 

El Niño Southern Oscillation (ENSO) is characterized by sea surface temperature 

(SST) variations in the eastern and central equatorial Pacific. The canonical ENSO event 

portrayed by Rasmusson and Carpenter (1982) typically develops from the South 

America Coast and propagates westward along the equatorial Pacific. It has been noticed 

that ENSO SST anomalies could also start from the central equatorial Pacific and spread 

toward the eastern Pacific (e.g., Wang 1995). Efforts were made to examine different 

types of ENSO in the tropical Pacific. ENSO events were usually classified according to 

their periodicity, interval, onset time, or the associated zonal SST structure (e.g., 

Yasunari 1985; Fu et al. 1986; Barnett 1991; Enfield and Cid 1991, Xu and Chan 2001). 

Various numbers of ENSO types were identified in those studies. However, it appears 

that the shift of SST anomaly center between the eastern and central equatorial Pacific is 

a common contrasting feature between/among these various types of ENSO. For 

example, Fu et al. (1986) noticed that El Niño SST anomalies show two major patterns: 

one with an anomalous warming center in the eastern Pacific and the other in the central 

Pacific. In another example, Xu and Chan (2001) categorized El Niño events according to 

their onset time and concluded that there are two types of El Niño events: one onsets in 

spring and the other in summer. Although not emphasized by the authors, it is noticed 

from their results that the composite SST anomalies for the spring-onset type concentrate 

in the eastern equatorial Pacific but concentrate in the central Pacific for the summer-

onset type. Trenberth and Stepaniak (2001) were among the first to recognize that 

different characters and evolutions of ENSO events could not be fully accounted for 

without considering the SST contrast between the eastern and central equatorial Pacific. 

They used two ENSO SST indices to characterize ENSO evolutions: a Niño3.4 (5°S-5°N, 
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170°W-120°W) SST index to represent the averaged SST anomalies in the eastern-to-

central Pacific and a Trans-Niño Index (TNI) to represent the gradient of ENSO SST 

anomalies between the eastern and central Pacific. They defined TNI as the difference 

between the normalized Niño1+2 (10°S-0°, 80°-90°W) and Niño4 (5°S-5°N, 160°E-

150°W) SST indices. By analyzing the lead-lag correlation between Niño3.4 and TNI, 

they recognized the ENSO evolutions in the past hundred years, including a shift in 

1976/77. A very recent study by Ashok et al. (2007) further argued that there exists a type 

of ENSO that is different from the canonical ENSO whose spatial pattern is characterized 

by out-of-phase SST anomalies between the central Pacific and the eastern and western 

Pacific along the equator. All these studies indicate that zonal shift of SST anomaly 

patterns between the eastern and central equatorial Pacific is one of the most obvious 

features to separate different types of ENSO.  

 

Yu and Kao (2007) noticed that all the four Niño SST indices in the eastern-to-

central Pacific, i.e., the Niño1+2, Niño3 (5°S-5°N, 150°W-90°W), Niño3.4, and Niño4 

indices, have very different decadal changes in their persistence barriers. In their study, 

the happening season of the persistence barrier is identified as the season of the year that 

the lagged auto-correlation of its SST anomalies drops to a small value most quickly than 

rest of the year, meaning SST anomalies are least persistent in that particular season of 

the year. They found that the persistence barriers for central-Pacific SST indices (i.e., the 

Niño3.4 and Niño4 indices) stayed in the boreal spring in the past four decades (1958-

2001) while the persistence barriers for eastern-Pacific SST indices (i.e., the Niño1+2 and 

Niño3 indices) changed from decade to decade. The different decadal changes in the 

timing of the persistence barriers imply that ENSO SST evolutions in the central and 
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eastern equatorial Pacific are probably controlled by different physical mechanisms. By 

analyzing subsurface ocean information, Yu and Kao (2007) further found the decadal 

change in the persistence barriers of eastern-Pacific SST indices coincided with the 

decadal change of mean ocean heat content (OHC) along the equatorial Pacific. They 

suggested that there may be two types of ENSO: an eastern-Pacific (EP) type that locates 

in the eastern Pacific and whose generation mechanism involves thermocline variations 

along the entire equatorial Pacific, and a central-Pacific (CP) type that locates in the 

central tropical Pacific and whose generation is not related to the thermocline variations. 

Observed ENSO events do exhibit distinct SST patterns that laid support to the existence 

of the EP and CP types of ENSO.  Two examples are shown in Figure 1: the 1997/98 

and 1977/78 El Niño events. For the 1997/98 El Niño (Figure 1a), its SST anomalies are 

mostly located in the eastern part of the tropical Pacific, extending from the South 

America Coast around 80ºW to 160ºW and covering the Niño1+2 and Niño3 regions (see 

Figure 1c). For the 1977/78 El Niño (Figure 1b), its SST anomalies during the peak phase 

of the event are mostly concentrated in the central equatorial Pacific from 160ºE to 

120ºW, covering the Niño3.4 and Niño4 regions (see Figure 1d). 

 

In this study, we aim to examine these two different types of ENSO by 

contrasting their surface and subsurface structures and evolutions, associated atmosphere-

ocean coupling, and teleconnection. An analysis method that combines linear regression 

and Empirical Orthogonal Function (EOF) is used to separate these two types of ENSO 

from SST observations. Currently, SST indices have been used extensively to identify 

ENSO indices because of their availability. Subsurface ocean temperature information 

has become more available from XBT or satellite observations and assimilations and has 



 7 

provided critical information about ENSO dynamics. Recent studies have increasingly 

use OHC information to describe and predict ENSO. In this study, we develop two OHC 

indices to explore the possibility of better identifying and separating the EP- and CP-

types of ENSO. This paper is organized as following: The datasets used in this study are 

described in Section 2. The characteristics of the EP- and CP-ENSO and their 

teleconnection patterns are contrasted in Section 3. OHC-based ENSO indices for these 

two types of ENSO are presented in Section 4 and are used to identify ENSO events 

during 1958-2001 in Section 5. The results are summarized and discussed in Section 6. 

 

2. Datasets 

 

Four datasets were used in this study. For SST, we used the 1°x1° Met Office 

Hadley Center's Sea Ice and Sea Surface Temperature dataset (HadISST) (Rayner et al., 

2003). The SST data is available from 1870 until present. Here, we only used the more 

reliable data after 1950 for analyses. For subsurface ocean temperature information, we 

used the assimilation product from Simple Ocean Data Assimilation (SODA; Carton et 

al. 2000a, b) for the period of 1958-2001. The SODA dataset has 40 levels unevenly 

divided from 5m to 5374m and covers the global oceans from 75.25°S to 89.25°N with a 

horizontal resolution of 0.5°x0.5°. The thermocline depth is identified in this study by 

vertical interpolation of ocean temperature profile. Surface wind stresses information was 

obtained from NOAA’s National Center for Environmental Prediction/National Centre 

for Atmospheric Research NCEP/NCAR Reanalysis (Kalnay et al. 1996). Monthly means 

from this reanalysis have a horizontal resolution of 2.5°x2.5° and are available from 

1948-2007. The precipitation data used in this study is from Global Precipitation 
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Climatology Project (GPCP) (Adler et al., 2003), which is available from 1979 to 2007 

and has a horizontal resolution of 2.5°x2.5°. In this paper, anomalies of all variables are 

defined as the deviations from their long-term mean in the corresponding month.  

 

3. Spatial and Temporal Characteristics of the EP- and CP-Types of ENSO 

 

We used the EOF analysis method to extract the spatial patterns of the EP- and 

CP-types of ENSO (hereafter EP- and CP-ENSO) from the HadISST dataset. Our EOF 

analysis procedure is different from those used in Trenberth and Stepaniak (2001) and 

Ashok et al. (2007). In order to separate the influence of these two types of ENSO in the 

tropical Pacific region (30ºS-30ºN, 120ºE-80ºW), we removed their correlation parts 

from the SST anomalies before the EOF analysis was applied. To obtain the CP-ENSO 

structure with the EOF analysis, we first subtracted the anomalies regressed with the 

Niño1+2 index from the original SST anomalies. Similarly, we subtracted the SST 

anomalies regressed with the Niño4 index from the original SST anomalies before the 

EOF analysis was applied to identify the leading structure of the EP-ENSO. Figure 2 

shows the two leading EOF modes obtained from the aforementioned procedures. The 

leading EOF mode shown in Figure 2a represents the EP-type of ENSO, which explains 

36% of the residual SST variance after the Niño4-regression part of the anomalies is 

removed. This EP-type of ENSO is characterized by SST anomalies extending from the 

South America Coast into the central Pacific along the equator. The SST anomalies are 

mostly contained in the Niño1+2 and Niño3 regions. This structure is similar to the 

leading EOF structure obtained from the original SST anomalies (i.e., without removing 

the regression part, not shown here), but less extending into the central Pacific. Figure 2b 
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shows the structure of the CP-type of ENSO, which has SST anomalies mostly confined 

in the central Pacific between 160ºE and 120ºW, covering the Niño3.4 and Niño4 

regions. This EOF mode explains 38% of the residual SST variance. It is interesting to 

notice that this EOF mode has its SST anomalies extending from the central Pacific 

toward the northeastern subtropical ocean outside Mexico and Central America. The peak 

SST anomaly pattern shown in Figure 1b for the 1977/78 El Niño event is very similar to 

this CP-ENSO pattern.   

 

The principal components (PC) of these two leading EOFs are shown in Figure 3a 

and Figure 4a. It is noticed that both time series are not symmetric with respect to the 

zero value. They tend to skew toward either the positive or negative values. The 

skewness coefficients for the PCs of the EP- and CP-type of EOFs are 1.18 and -0.45, 

respectively. A larger value of positive (negative) skewness denotes more extreme warm 

(cold) events. The skewness indicates that the EP-type of ENSO tends to appear more 

often as strong El Niño events than as strong La Niña events. On the other hand, the CP-

type of ENSO tends to appear more often as strong La Niña events than as strong El Niño 

events. Our results are consistent with the recent observational study of Sun and Yu 

(2007), in which they showed that strong El Niño events tend to locate in the eastern 

Pacific and attach to the South America Coast, while strong La Niña events tend to 

detach from the coast and center in the central Pacific. Jin et al. (2007; personal 

communication) also reported that the El Niño events with SST anomalies centered in the 

cold tongue region tend to be stronger than the El Niño events with SST anomalies 

centered in the warm pool region. 
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Also shown in Figures 3 and 4 are the wavelet power spectra of these two PCs. 

The dash lines in Figures 3b and 4b denote the 95% significant level and the values 

below the curves are uncertain. Figure 3b shows that the EP-type of ENSO has two 

dominate periods: one near the 2-year band and the other near the 4-year band.  The EP-

ENSO tends to occur every 2 years before the 1976/77-climate shift but every 4 years 

after the shift. This is consistent with the previous report that ENSO periodicity shifted 

from two years to about four years around 1976/77 (An and Wang, 2000). The skewness 

coefficient of the principal component of this leading EOF increases from 0.31 for the 

period of 1950-1976 to 1.43 for the period of 1977-2006, reflecting the fact that more 

intense El Niño’s appear in the eastern Pacific after 1976/77, such as 1982/83 and 

1997/98 El Niño’s. Figure 4b shows that the principal component of the leading EOF for 

the CP-ENSO has a significant power near the 1-2year bands, which does not shift 

abruptly around 1976/77. These results suggest that the EP-type of ENSO has 

experienced a stronger decadal/interdecadal change with its properties shifted near 

1976/77, while the decadal change is relatively small for the CP-type of ENSO.  

 

In addition to the differences in their spatial structure, the EP- and CP-types of 

ENSOs also show differences in their temporal evolutions. Figure 5 shows the lagged 

correlation coefficients between the PCs of the two leading EOFs and SST anomalies in 

the tropical Pacific. The 95% confidence level is 0.29 with a two-tailed student-t test. 

With a 0.3 contour interval, most of the contours shown here are significant. For the EP-

type of ENSO (Figure 5a), the SST anomalies emerge from the coast of South America, 

propagate westward to the central Pacific, and decay off equator. The peak SST 

anomalies of this type of ENSO appear near the coasts, accompanying with weaker and 
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opposite anomalies in the equatorial western Pacific. For the CP-type of ENSO (Figure 

5b), SST anomalies first appear around the dateline, develop and mature in a v-shape 

anomaly structure extending toward the subtropics in both hemispheres (but more into the 

northern hemisphere), and then decay in the equatorial central Pacific. The CP-ENSO has 

larger associations with SST anomalies in the subtropics than the EP-ENSO. In addition, 

the propagating feature of the SST anomalies in the CP-type of ENSO is weaker and less 

clear than those of the EP-type of ENSO.  

 

We noticed that these two types of ENSO have even larger differences in their 

subsurface temperature evolutions. Figure 6 shows the vertical cross-sections of the 

lagged correlation coefficients between the PCs of the leading EOFs and the subsurface 

ocean temperature averaged between 5ºS and 5ºN in the Pacific. For the EP-type of 

ENSO (Figure 6a), large and out-of-phase temperature anomalies in the subsurface ocean 

appear on both sides of the Pacific basin. Temperature anomalies in the eastern tropical 

Pacific originate from the American coasts and then propagate westward on the surface 

(see the panels from Lag –6 months to Lag 2 months). At the same time, negative 

subsurface anomalies were accumulated in the western Pacific. After the mature phase of 

the event, these subsurface temperature anomalies propagate eastward along the 

thermocline and eventually emerge on the surface of the eastern Pacific and reverse the 

phase of ENSO. This evolution is similar to those described by the delayed oscillator 

theory of ENSO (Battisti and Hirst 1989; Suarez and Schopf 1988). In contrast, the 

subsurface temperature evolution of the CP-ENSO (Figure 6b) does not have a basin-

wide fluctuation pattern and shows little propagation feature. The initiation, development, 

and termination of the subsurface temperature anomalies all occur in the central Pacific. 
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The anomalies appear first near the surface and then extend downward to a shallow layer 

of about 100 meters. This depth is well above the local thermocline, which is about 150-

200 meters deep, indicating that thermocline variation is not involved in the evolution of 

the CP-type of ENSO. It is important to note that there is no identifiable phase-reversal 

signal in Figure 6b, implying that the CP-type of ENSO may be not a self-sustained 

cycle/oscillation like the EP-ENSO. The CP-ENSO probably occurs as an event that is 

not driven by thermocline variations, while the EP-ENSO is driven by delayed-oscillator 

type of thermocline variations and occurs as cycle with its warm and phase events 

following each other. Discussions of whether ENSO should be viewed as event or cycle 

(e.g., Kessler 2002) might be aided by recognizing that there are two types of ENSO that 

behave as event in one type and as cycle in the other.  

 

4. Indices for EP- and CP-types of ENSO  

 

 An important feature in Figure 6 is that the subsurface temperature anomalies 

associated with the EP- and CP-types of ENSO are almost orthogonal to each other in 

space. The subsurface temperature variation associated with the EP-ENSO has a nodal 

point located in the central Pacific where the CP-type of ENSO produces the largest 

subsurface anomalies. This property suggests that ENSO indices based on subsurface 

ocean information may be more capable of separating these two types of ENSO than 

ENSO indices based on SST anomalies. As mentioned earlier, the subsurface temperature 

variation of the CP-ENSO is mostly confined in the upper one hundred meters in the 

central Pacific Ocean, which is shallower than the thermocline depth in this region. 

Therefore, the traditional definition of OHC that averages ocean temperatures in the 
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upper 300 meters is not suitable for capturing the subsurface temperature variation related 

to the CP-ENSO. Here, we explore the possibility of constructing ENSO indices based on 

the upper 100 meters of OHC information to better examine and separate the EP- and CP-

types of ENSO. Based on the largest subsurface temperature anomalies found in Figure 6, 

we choose to average the upper-100m ocean temperature anomalies in the two box 

regions indicated in Figure 7 as the OHC indices for the EP- and CP-types of ENSO 

(hereafter EP OHC and CP OHC indices). This depth is deep enough to include the 

thermocline in the eastern equatorial Pacific, whose variation is important to the 

evolution of the EP-type of ENSO. As shown in Figure 7, the long-term mean 

thermocline depth (represented by the 20° isotherm) is less than 100m in this region. 

Since ocean temperature anomalies associated with ENSO events are larger in the eastern 

Pacific than in the central Pacific, the averaged temperature anomalies are normalized 

before being used to construct the OHC indices.  

 

Figure 8 and 9 show the time series and power spectrum for the EP OHC and CP 

OHC indices. A 5-month running mean was applied to smooth both time series. The 

skewness coefficients of the time series (1958-2001) are 1.68 for the EP OHC index and 

–0.63 for the CP OHC index. These values are larger than those calculated from the 

principal components of the leading EOFs (cf. Figures 3 and 4). The skewness 

coefficients indicate that the preference of the EP-type for El Niño and the CP-type fro 

La Niña is more obvious in the OHC-based indices than in the SST-based indices. Most 

strong El Niño events defined by the Niño3.4 SST index were identifiable in the EP OHC 

index of Figure 8a, including the 1972/73, 1976/77, 1982/83, 1991/92, and 1997/98 

events. In contrast, most large La Niña events defined by the Niño3.4 SST index were 
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identifiable only by the CP OHC index shown in Figure 9a, including the 1973/74, 

1975/76, 1983/84, 1988/89, and 1998/99 events. It should be noted that the different 

dominant periods between the EP- and CP-types of ENSO become more obvious with the 

OHC indices. Figures 8b and 9b show that the EP index has a 99% significant power 

peak near the 3~4-year band, and the CP index has a significant power peak near the 2-

year band. It should be noted that the correlation coefficient between the EP and CP OHC 

indices is 0.27, which is smaller than the correlation coefficient between the two PC 

indices (which is –0.48). Therefore, our analyses suggest that ENSO indices based on 

subsurface ocean temperature anomalies appear more capable of separating the EP- and 

CP-types of ENSO than SST-based ENSO indices.    

 

We repeat the analyses of Figures 5 and 6 with the two OHC indices to further 

examine the structures and evolutions of the EP- and CP-types of ENSO. For the CP-

ENSO, the results are similar to those obtained with the PCs of the leading EOFs (not 

shown here). But for the EP-ENSO, the OHC index reveals some different evolutions. 

Figure 10 shows the lagged correlation coefficients of the EP OHC index with the SST 

and subsurface temperature anomalies in the tropical Pacific. For SST (Figure 10a), the 

anomalies start from the coastal region and propagate westward to the central Pacific, 

which is similar to those shown in Figure 5. Whereas, the maximum SST extending more 

to the central Pacific, and the SST anomalies dissipate off equator after the events (see 

panels from Lag 4 months to Lag 10 months). This pattern shows the discharge phase of 

the recharge-discharge theory (Jin 1997). For subsurface temperature anomalies (Figure 

10b), the OHC anomalies start from the western-to-central Pacific and then propagate 

eastward and upward along the thermocline until they reach the eastern Pacific, where 
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they combine with the OHC anomalies from the coastal region. The temperature 

anomalies then emerge to the surface and further spread westward as the event grows. At 

the same time, opposite subsurface temperature anomalies begin to form in the western-

to-central Pacific at a depth of about 100m. These opposite OHC anomalies later 

propagate along the thermocline and eventually reverse the phase of ENSO in the eastern 

Pacific. The OHC index links the life cycle of the EP-ENSO to ocean wave propagations 

more clearly than the SST-based indices do.  

 

We further examine the atmosphere-ocean coupling and teleconnection features 

of these two types of ENSO by correlating their OHC indices with atmospheric 

anomalies in the Indo-Pacific region. Figure 11 shows the correlation coefficients with 

surface wind anomalies. We highlight the coefficients that pass the 95% significance 

level estimated by a two-tailed t-test. The figure shows that the EP-type of ENSO is 

associated with significant wind stress anomalies covering a large part of the tropical 

Pacific. On the other hand, surface wind anomalies associated with the CP-type of ENSO 

are limited to the equatorial western Pacific (130ºE-160ºW) and off Australia. The 

differences in the wind stress patterns further support our suggestion that the EP-ENSO is 

related to basin-wide coupling processes, while the CP-ENSO is related to local coupling 

processes in the central Pacific. Figure 12 shows the lagged correlation coefficients with 

precipitation anomalies. For EP-ENSO (Figure 12a), the precipitation anomalies extend 

from the equatorial eastern to central Pacific, where the largest SST anomalies locate. 

There are opposite precipitation anomalies near Indonesia and Amazon regions. The 

precipitation anomaly pattern associated with this type of ENSO reflects zonal shifts of 

the Pacific Walker Circulation. An EP-type of El Niño event shifts the rising branch of 
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the circulation from far western Pacific to the center-to-eastern Pacific, and vice versa for 

a La Niña event of the same type. For CP-ENSO (Figure 12b), the precipitation 

anomalies are characterized by a dipole pattern within the tropical Pacific, with largest 

anomalies located mainly in the far western and eastern Pacific. It is noticed that the 

positive and negative anomaly centers of this dipole pattern does not line up in the same 

latitude. Instead, they tend to locate slightly to the north and to the south of the equator 

respectively. The anomaly pattern appears related to the meridional shift of the 

intertropical convergence zone (ITCZ). During the warm phase of CP-ENSO, the ITCZ 

intensifies in the equatorial western Pacific and shift more northward in the eastern 

Pacific, and vice versa for the cold phase of the CP-ENSO. The impacts of CP-ENSO 

events on precipitation are much less in Indonesia and negligible in Amazon.  

 

Figure 12 also indicates that the EP-ENSO can influence the precipitation 

anomaly in the Indian Ocean, which appears as a weak zonal anomaly dipole along the 

equator. No such influence is observed for the CP-ENSO in the Indian Ocean. The 

dipole-type of precipitation anomalies is accompanied with a SST anomaly dipole in the 

equatorial Indian Ocean, which could be seen in the lagged correlation coefficients 

shown in Figure 13a between the EP OHC index and the Indo-Pacific SST. In addition to 

the EP-ENSO SST patterns already described in Figure 10a, this figure further shows that 

the EP-type of ENSO is associated with an Indian Ocean Dipole (IOD) SST pattern (Saji 

et al., 1999; Webster et al., 1999) that tends to occur during/after the peak ENSO phase. 

Surface wind stress anomalies associated with the EP-ENSO also appear along equatorial 

Indian Ocean (See Figure 11a), which is known to coexist with the IOD (Saji et al. 1999; 

Webster et al. 1999). After the EP-ENSO reaches its peak phase, the western anomaly 
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center of the IOD spreads toward the east and evolves into a basin-wide warming or 

cooling. This IOD and Indian Ocean warming sequence is similar to that discussed by An 

(2004) and Yu and Lau (2004). Results presented here suggest that there are certain 

correlations between EP-ENSO and IOD. Figure 13b shows that the CP-type of ENSO 

has a weaker correlation with the Indian Ocean SST variations, locating in the Southern 

Indian Ocean near 20ºS. This pattern of SST anomalies is similar to the regression of SST 

and ENSO index in February and March studied by Xie et al. (2001). The surface wind 

anomalies for the CP-ENSO shown in our Figure 11b are similar to the wind stress 

anomalies they obtained for the southern Indian Ocean SST variability. Figure 13 implies 

that the EP-type of ENSO is more effective in establishing the teleconnection between 

the ENSO and the tropical Indian Ocean, while the CP-type of ENSO influencing the 

Southwestern Indian Ocean SST more.  

 

5. Case Identifications for 1958-2001 

 

In this section, we use the OHC indices to identify EP- and CP-types of ENSO 

events for the period of 1958-2001. Figure 14 shows the scattering of the monthly values 

of EP and CP OHC index from 1958 to 2001. The size of every dot is proportional to the 

value of Niño3.4 SST index in the corresponding month, indicating the strength of 

ENSO. We use this figure to examine how different strengths of ENSO (measured by 

Niño3.4 SST index) are projected onto as the EP- or CP-types of ENSO. The dots are 

colored red for strong El Niño events (with the Niño3.4 SST index larger than 1ºC) and 

blue for large La Niña events (with the Niño3.4 SST index smaller than 1ºC). It is easy to 

notice from the figure that almost all the large La Niña events (the blue dots) are 
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projected onto the coordinate of CP OHC index; with the OHC index value changes 

approximately proportioned to the Niño3.4 index value (i.e., the dot size). For these 

events, the EP OHC index values are in general fixed at a small value (about -0.7). These 

features conform again that strong La Niña events tend to appear as CP-type of La Niña. 

Although a little less obvious, a similar tendency can be found for large El Niño events 

(the large red dots). A large portion of the red dots is projected onto the coordinate of EP 

OHC index with their CP OHC index values fixed more-or-less at a small value (about 

1.0). This tendency again shows that most strong El Niño events tend to appear as EP-

type of El Niño. Sun and Yu (2007) argue that the spatial asymmetry between El Niño 

and La Niña, like the one shown here, provides a way for the ENSO cycle (including the 

El Niño and La Niña phases) to leave a non-zero impact on the Pacific basic state. They 

postulated that this ENSO-basic state interaction mechanism slowly modifies the basic 

SST state and the ENSO intensity, and as a result, give rise to a decadal modulation of 

ENSO intensity. 

 

We then identify El Niño and La Niña events from the time series of the EP and 

CP OHC indices. When the EP/CP index of an event is larger or smaller than one 

standard deviation (1.3ºC for EP and 0.55ºC for CP) for more than 5 consecutive months, 

the event is identified as an EP- or CP-ENSO event. The identified event is categorized as 

a weak event if the absolute index value is smaller than two standard deviations, and as a 

strong event if the value is larger than two standard deviations. Table 1 summarizes all 

the strong and weak EP- and CP-ENSO events based on these criteria during the period 

of 1958-2001. The table shows that the EP type contains all the strong El Niño events, 

and no extreme cold event occurs as the EP type. On the opposite, the CP type contains 
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every extreme cold event but no intense warm events. However, weak El Niño tends to 

appear as CP-type in many cases. In some particular years, both the EP- and CP-types of 

ENSO occurred. For example in 1982/83, a strong EP-type El Niño and a weak CP-type 

of El Niño occurred simultaneously in the tropical Pacific.   

 

Based on events identified in Table 1, we constructed composite lifecycle for the 

strong EP- and CP-ENSO. The month of peak ENSO intensity of every event is used as 

the center month of the composite. During the composite analyses, we noticed that a 

strong CP-type La Niña often follows a strong EP-type El Niño. This tendency can be 

identified from Table 1. For instance, the strong CP-type La Niña’s of 1973/74, 1983/84, 

and 1998/99 came after the strong EP-type El Niño’s of 1972/73, 1982/83, and 1997/98. 

The composite lifecycle is shown in Figure 15. For strong EP-type of El Niño (Figure 

15a), SST anomalies concentrate in the eastern Pacific, which is similar to the canonical 

El Niño defined by Rasmusson et al. (1982). After the warm event (about 6 to 18 months 

after the peak), it comes negative SST anomalies, which originate from the central Pacific 

and develop into a CP-type of La Niña. For strong CP-type of La Niña (Figure 15b), the 

negative SST anomalies start from the central Pacific between 180º and 120ºW. The 

event develops and decays in the central Pacific without an evident propagation. About a 

year before the La Niña, there is an EP-type of El Niño. The composite shown in Figure 

15 further confirms the tendency for strong EP-type El Niño and CP-type La Niña to 

occur subsequently and alternatively. The right panels in Figure 15 display the 

normalized values of the EP, CP and Niño3.4 indices during the events. They show that 

the EP OHC index captures the evolution of warm events better while the CP OHC index 

captures the evolution of cold events better. Niño3.4 index generally has a value between 
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EP and CP indices. Consistent with the suggestion of Trenberth and Stepaniak (2001), the 

Niño3.4 SST index is able to represent the general temperature variations in the 

equatorial Pacific, but is not as good as the EP/CP OHC index in separating the EP- and 

CP-types of ENSO.  

 

6. Conclusions and Discussion 

 

Two different types of ENSO are described and contrasted in this paper according 

to their spatial structure. Based on the centers of their SST anomalies, we term these two 

ENSO types the eastern-Pacific ENSO and central-Pacific ENSO. The EP-ENSO is 

closer to the canonical ENSO and fits very well with the evolution described by the 

delayed-oscillator theory of ENSO. This type of ENSO appears to be a basin-wide 

coupling phenomenon, which relies on thermocline variations for its generation and 

phase reversal. The CP-type of ENSO has most of its associated SST, surface wind, and 

subsurface ocean variations confined in the central equatorial Pacific. This type appears 

to arise from local atmosphere-ocean coupling in the region, which involves only a 

shallow layer (about 100 meters) of subsurface ocean temperature variations. Since this 

ENSO type starts its development from surface, it is likely that local atmospheric forcing 

is important to this type of ENSO, such as those associated with Madden and Julian 

oscillation (Madden and Julian 1971) and Asian or Australian monsoons. It is noticed that 

the CP-ENSO does not have a phase-reversal feature in its evolution, while such a feature 

can be identified for the EP-ENSO. Our results suggest that the EP-ENSO may arise from 

basin-wide subsurface ocean memory mechanism and appears as a cycle/oscillation, 

while the CP-ENSO may be a local coupling event (rather than a cycle) that requires 
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atmospheric forcing to trigger its occurrence. These two ENSO types also exhibit 

different teleconnection with the Indian Ocean, with the EP-ENSO links more closely 

with the tropical Indian Ocean while the CP-ENSO links more with the Southern Indian 

Ocean. 

 

The results presented in this paper suggest that there is a need to define and 

separate ENSO indices to better monitor the different types of ENSO activity. We have 

explored in this study the possibility of developing new OHC indices to better separate 

the EP- and CP-types of ENSO. We found that the EP/CP indices calculated from OHC 

information can measure all the warm or cold SST anomalies occur in the equatorial 

Pacific, including some events that Niño3.4 fails to capture. For example, in May 1966 

(not shown here), the warm SST shows up in the equatorial Pacific, but was not captured 

by the Niño3.4 index. However, EP index captures the heat content variations near the 

coastal region during this event. Also in January 1991, the Niño3.4 index again failed to 

capture the warming in the central Pacific, west to the Niño3.4 region, but CP index is 

able to reveal this central Pacific event. With more and more ocean assimilation datasets 

available nowadays, such as German Estimating the Circulation and Climate of the 

Ocean (GECCO) generated by University of Hamburg and data assimilation produced by 

Bureau of Meteorology Research Center (BMRC), we should be able to take advantages 

of the improved subsurface ocean information to better understand the ENSO evolutions 

and apply the OHC information for better ENSO predictions. 
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List of Figure Captions 
 
Figure 1. Examples of the eastern-Pacific and central-Pacific types of ENSO: (a) SST 

anomalies averaged from November 1997 to January 1998 of the 1997/98 El Niño event 

and (b) SST anomalies averaged from November 1977 to January 1978 of the 1977/78 El 

Niño event. The Niño regions covered by each type of ENSO are illustrated in (c) for the 

eastern-Pacific type and in (d) for the central-Pacific type. Red contours in (c) and (d) 

outline the region of SST anomaly patterns of these two ENSO types. Contour intervals 

are 0.5°C for (a) and 0.3°C for (b). 

 

Figure 2. Leading EOF patterns obtained from a combined EOF-regression analysis for 

(a) the eastern-Pacific type of ENSO and (b) the central-Pacific type of ENSO. Contour 

intervals are 0.1. The numbers indicated in the upper-left corners are the percentage of 

variance explained by each EOF. 

 

Figure 3. The (a) time series and (b) wavelet power spectrum of the principal component 

of the eastern-Pacific type of ENSO. Dash lines denote the 95% significant level and the 

values below the curves are uncertain. 

 

Figure 4. Same as Figure 3 but for the principal component of the central-Pacific type of 

ENSO.   

 

Figure 5. Lagged correlation coefficients between the principal components of (a) EP and 
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(b) CP EOF with SST anomalies in the tropical Pacific. Contour intervals are 0.3. The 

95% confidence level is 0.29 with a two-tailed student-t test.  

 

Figure 6. Lagged correlation coefficients between the principal components of the (a) EP 

and (b) CP EOF and ocean temperature anomalies averaged between 5ºS and 5ºN. 

Contour intervals are 0.3. 

 

Figure 7. Vertical cross-section of the mean ocean temperatures along the equatorial 

Pacific (5ºS-5ºN). The two boxes indicate the regions used to define the OHC indices for 

the EP-ENSO (80ºW-90ºW) and CP-ENSO (160ºE-150ºW). Both boxes cover from the 

ocean surface to 100m deep. Contour intervals are 2ºC. The thick-dashed line is the 20ºC 

isotherm and is used to indicate the thermocline depth. 

 

Figure 8. (a) Time series and (b) power spectrum of the normalized EP OHC index. The 

red curve represents the 99% significance level. 

 

Figure 9. Same as Figure 8 but for the CP OHC index. 

 

Figure 10. Lagged correlation coefficients between the EP OHC index and (a) SST 

anomalies and (b) subsurface ocean temperature anomalies in the tropical Pacific. 

Contour intervals are 0.3. 
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Figure 11. Lagged correlation coefficients between surface wind anomalies and the OHC 

index of the (a) EP-ENSO and (b) CP-ENSO. Correlation vectors that pass the 95% 

confidence levels are highlighted. 

 

Figure 12. Lagged correlation coefficients between precipitation anomalies and the OHC 

index of the (a) EP-ENSO and (b) CP-ENSO. Contour intervals are 0.3 ºC. 

 

Figure 13. Lagged correlation coefficients between SST anomalies and the OHC index of 

(a) EP-ENSO and (b) CP-ENSO. Contour intervals are 0.3 ºC. 

 

Figure 14. Scattering plot of standardized monthly values of the EP and CP OHC indices 

from 1958 to 2001. The dot size is proportional to the value of Niño3.4 SST index in the 

corresponding month. The coordinate is the value of EP OHC index. The abscissa is the 

value of the CP OHC index. 

 

Figure 15. Composite lifecycle of SST anomalies along the eqiatorial Pacific for (a) 

strong EP-type of El Niño events and (b) strong CP-type of La Niña events. The center 

month of the composite is the month of peak value of the OHC index. Contour intervals 

are 0.4°C. The right panels show the corresponding EP OHC index (blue dot-dashed), CP 

OHC index (red dashed), and Niño3.4 SST index (black). 
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Table 1. Classification of strong and weak El Niño and La Niña events based on the time 

series of the EP and CP OHC Indices during 1958-2001. Events are classified as weak 

events if its index value is between one and two standard deviation and as strong event if 

its value is larger than two standard deviations. See the text for a more detailed 

explanation of the classification.  

 

 

 

 EP CP 

Strong El Niño 72-73, 82-83 
91-92, 97-98 None 

Weak El Niño 76-77 
63-64, 77-78,79-80 
82-83, 86-87, 90-91 

91-92, 94-95 
Strong La Niña None 73-74, 75-76, 83-84 

88-89, 98-99 

Weak La Niña 84-85 64-65, 70-71, 99-00 
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Figure 1. Examples of the eastern-Pacific and central-Pacific types of ENSO: (a) SST 
anomalies averaged from November 1997 to January 1998 of the 1997/98 El Niño event 
and (b) SST anomalies averaged from November 1977 to January 1978 of the 1977/78 El 
Niño event. The Niño regions covered by each type of ENSO are illustrated in (c) for the 
eastern-Pacific type and in (d) for the central-Pacific type. Red contours in (c) and (d) 
outline the region of SST anomaly patterns of these two ENSO types. Contour intervals 
are 0.5°C for (a) and 0.3°C for (b). 

a) Nov 1977 – Jan 1978 b) Nov 1997 – Jan 1998 

d) c) 
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Figure 2. Leading EOF patterns obtained from a combined EOF-regression analysis for 
(a) the eastern-Pacific type of ENSO and (b) the central-Pacific type of ENSO. Contour 
intervals are 0.1. The numbers indicated in the upper-left corners are the percentage of 
variance explained by each EOF.

36 % 
 

38 % 
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Figure 3. The (a) time series and (b) wavelet power spectrum of the principal component 
of the eastern-Pacific type of ENSO. Dash lines denote the 95% significant level and the 
values below the curves are uncertain.  

Figure 4. Same as Figure 3 but for the principal component of the central-Pacific type of 
ENSO.  
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Figure 5. Lagged correlation coefficients between the principal components of (a) EP and 
(b) CP EOF with SST anomalies in the tropical Pacific. Contour intervals are 0.3. The 
95% confidence level is 0.29 with a two-tailed student-t test.

(a) Lagged-correlation of PC1 of EP and SST 

 
(b) Lagged-correlation of PC1 of CP and SST 
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Figure 6. Lagged correlation coefficients between the principal components of the (a) EP 
and (b) CP EOF and ocean temperature anomalies averaged between 5ºS and 5ºN. 
Contour intervals are 0.3. 

(a) Lagged-correlation of PC1 of EP and ocean temperature 

 
(b) Lagged-correlation of PC1 of CP and ocean temperature 
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Figure 7. Vertical cross-section of the mean ocean temperatures along the equatorial 
Pacific (5ºS-5ºN). The two boxes indicate the regions used to define the OHC indices for 
the EP-ENSO (80ºW-90ºW) and CP-ENSO (160ºE-150ºW). Both boxes cover from the 
ocean surface to 100m deep. Contour intervals are 2ºC. The thick-dashed line is the 20ºC 
isotherm and is used to indicate the thermocline depth.
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Figure 8. (a) Time series and (b) power spectrum of the normalized EP OHC index. The 
red curve represents the 99% significance level. 
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Figure 9. Same as Figure 8 but for the CP OHC index. 
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Figure 10. Lagged correlation coefficients between the EP OHC index and (a) SST 
anomalies and (b) subsurface ocean temperature anomalies in the tropical Pacific. 
Contour intervals are 0.3.

(a) Lagged-correlation between EP OHC index and SST 

(b) Lagged-correlation between EP OHC index and ocean temperature 
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Figure 11. Lagged correlation coefficients between surface wind anomalies and the OHC 
index of the (a) EP-ENSO and (b) CP-ENSO. Correlation vectors that pass the 95% 
confidence levels are highlighted.

(a) Lagged-correlation between EP index and winds 

 
(b) Lagged-correlation between CP index and winds 
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Figure 12. Lagged correlation coefficients between precipitation anomalies and the OHC 
index of the (a) EP-ENSO and (b) CP-ENSO. Contour intervals are 0.3 ºC.  

(b) Lagged-correlation between CP OHC index and precipitation 

(a) Lagged-correlation between EP OHC index and precipitation 
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Figure 13. Lagged correlation coefficients between SST anomalies and the OHC index of 
(a) EP-ENSO and (b) CP-ENSO. Contour intervals are 0.3 ºC.  

(b) Lagged-correlation between CP OHC index and SST 

(a) Lagged-correlation between EP OHC index and SST 
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Figure 14. Scattering plot of standardized monthly values of the EP and CP OHC indices 

from 1958 to 2001. The dot size is proportional to the value of Niño3.4 SST index in the 

corresponding month. The coordinate is the value of EP OHC index. The abscissa is the 

value of the CP OHC index. 

 



 44 

 

 
Figure 15. Composite lifecycle of SST anomalies along the eqiatorial Pacific for (a) 
strong EP-type of El Niño events and (b) strong CP-type of La Niña events. The center 
month of the composite is the month of peak value of the OHC index. Contour intervals 
are 0.4°C. The right panels show the corresponding EP OHC index (blue dot-dashed), CP 
OHC index (red dashed), and Niño3.4 SST index (black).  

(a) Composite of strong EP-type of El Niño 

(b) Composite of strong CP-type of La Niña 


