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ABSTRACT

It has long been acknowledged that there are two types of El Nifio events, i.e., the eastern Pacific El
Nifio (EE) and the central Pacific El Nino (CE), according to the initial position of the anomalous warm
water and its propagation direction. In this paper, the oceanic and atmospheric evolutions and the possible
mechanisms of the two types of El Nino events were examined. It is found that all the El Nino events, CE
or EE, could be attributed to the joint impacts of the eastward advection of warm water from the western
Pacific warm pool (WPWP) and the local warming in the equatorial eastern Pacific. Before the occurrence of
CE events, WPWP had long been in a state of being anomalous warm, so the strength of eastward advection
of warm water was much stronger than that of EE, which played a major role in the formation of CE. While
for the EE events, most contribution came from the local warming of the equatorial eastern Pacific. It is
further identified that the immediate cause leading to the difference of the two types of El Nino events was
the asynchronous variations of the Southern Oscillation (SO) and the Northern Oscillation (NO) as defined
by Chen in 1984. When the transition from the positive phase of the NO (NO™) to NO~ was prior to that
from SOT to SO~, there would be eastward propagation of westerly anomalies from the tropical western
Pacific induced by NO and hence the growth of warm sea surface temperature anomalies in WPWP and
its eastward propagation. This was followed by lagged SO-induced weakening of southeast trade winds and
local warming in the equatorial eastern Pacific. These were conducive to the occurrence of the CE. On the
contrary, the transition from SO™ to SO~ leading the transition of NO would favor the occurrence of EE
type events.

Key words: eastern Pacific El Nifio, central Pacific El Nifio, Southern Oscillation, Northern Oscillation

Citation: Peng Jingbei, Zhang Qingyun, and Chen Lieting, 2011: Connections between different types of

VOL.25

El Nifio and Southern/Northern Oscillation. Acta Meteor. Sinica, 25(4), 506-516, doi: 10.

1007/s13351-011-0409-9.

1. Introduction

According to the initial position of the warm wa-
ter in the equatorial Pacific, there are two types of El
Nifio events (hereafter EN), namely the eastern Pacific
El Nifio (EE) and the central Pacific El Nifio (CE; Fu
et al., 1986). EE is the traditional EN, characterized
by the fact that the South American coastal warming
precedes the central Pacific warming, as summarized
by Rasmusson and Carpenter (1982). Different from
the classical one, the other type of EN, as first seen in
1982-83, is featured by the first appearance of anoma-

lous warm water in the mid-western Pacific and its
eastward propagation thereafter. This type of event
has been called the CE. After 1980, CE appeared more
frequently. Compared with EE, CE showed quite dis-
tinct impacts on atmospheric circulation and regional
climate (Lin and Yu, 1993; Persson et al., 2005; Larkin
and Harrison, 2005; Kumar et al., 2006; Weng et al.,
2007; Ashok et al., 2007; Wang and Hendon, 2007;
Kim et al., 2009; Lim et al., 2009; Trenberth and
Smith, 2009; Taschetto et al., 2009). The horizontal
structure of sea surface temperature anomaly (SSTA)
and evolution of the SSTAs of CE and EE have
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been discussed by many scientists (Fu et al., 1986; Lin,
1992; Wang, 1995; Ashok et al., 2007; Chang and
Zhang, 2008; Kao and Yu, 2009). The predictabil-
ity of CE and EE was also discussed (Hendon et al.,
2009). However, the triggering and maintaining mech-
anisms for the CE have not yet been well understood.
The frequent occurrence of CE was attributed to the
ocean mean state changes (Wang, 1995; Kug et al.,
2009), especially the shallower thermocline under the
global warming (Yeh and Kirtman, 2009). Chang and
Zhang (2008) discussed the zonal wind anomalies in
the tropical Pacific during CE and EE. They found
that the anomalous westerlies during CE events were
stronger than those during EE events.

The Southern Oscillation (SO) and EN are so
closely related to each other that people are prone
to view them as a whole with one name of “ENSO”.
However, such an east-west oscillation appears not
only in the southern Pacific, but also in the north-
ern Pacific. Chen and Zhan (1984) found that there
was a seesaw-like oscillation in the northern Pacific
with two centers in Manila and Ship N station (30°N,
140°W) respectively at latitudes symmetric to SO,
and they named this oscillation Northern Oscillation
(NO). Zeng (1987) successfully simulated this domi-
nant mode in the northern Pacific. Fu and Ye (1988)
pointed out by analyzing the tropical sea level pres-
sure (SLP) that the SO and NO could be regarded
as the reflection of the interannual variability of three
action centers: the equatorial low pressure zone from
the Indian Ocean to western Pacific, the North Pa-
cific high, and the South Pacific high. As the coun-
terpart of SO, NO is closely connected with EN and
SO on both interannual and interdecadal timescales
(Chen, 1984, 1992). However, NO has its own char-
acteristics. As indicated by Jin and Chen (1992), the
most significant correlation between SO and SSTA ap-
peared in the regions of Peru-Chile Current and South
Equatorial Current while the most significant correla-
tion between NO and SSTA appeared in the regions of
North Equatorial Current and Equatorial Countercur-
rent. Moreover, the times when SO and NO reached
their peaks were often not synchronous for an indivi-

dual EN event. It seems to be a proper way to ex-
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plore the possible mechanism behind the two types of
equatorial warming through probing the evolution of
SO and NO. Therefore, we will focus on the oceanic
surface and subsurface evolutions for CE and EE, and
in particular, their connection to the variations of SO
and NO.

2. Data

The data used in this study include (1) NCEP
reanalysis monthly wind at 1000 hPa (Kalnay et al.,
1996) and the monthly 2°x2° standard SLP from
the International Comprehensive Ocean-Atmosphere
Data Set (ICOADS; Worley et al., 2005), which were
downloaded from http://www.esrl.noaa.gov/psd/; (2)
the observationally based Southern Oscillation in-
dex (SOI) provided by the National Oceanic and At-
mospheric Administration/Climate Prediction Cen-
ter (NOAA/CPC; NOAA, 2005); (3) the SSTA for
the Nifo-3 region obtained from NOAA/CPC at
http://www.cpc.noaa.gov/data/indices/sstoi.indices.
To examine the evolution of SSTA and subsurface
oceanic conditions during CE and EE, we used the
Kaplan Extended SSTA V2 on 5.0° latitude x 5.0°
longitude (Kaplan et al., 1998) and monthly subsur-
face oceanic temperature anomaly (SOTA) dataset
from the Joint Environmental Data Analysis Center
(JEDAC) at the Scripps Institute of Oceanography on
a horizontal resolution of 5°x2° in longitude and lat-
itude and 11 vertical levels from surface to the depth
of 400 m (additional information is available online at
http://jedac.ucsd.edu/DATA _IMAGES/index.html).
Data span the period 1951-2006, except for SOTA
from 1955 to 2001. The SSTAs (and SOTASs) used
in this analysis are normalized in order to highlight
their variability in the western Pacific Ocean, which
is generally weaker than that in the eastern Pacific
Ocean.

Following the definition by Chen and Zhan
(1984; also see Fu and Ye, 1988), which is similar
to the definition of SOI, the NO index is defined

as

NOI = SLP {550 _370N, 1470—1350W)

*
_SLP(10°717.5°N, 117°—123°E)>
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where superscript * means normalized areal mean.
This definition of NOI is different from the definition
by Schwing et al. (2002), which is the difference be-
tween the areal mean SLP at the climatological mean
position of the center of the North Pacific high and the
areal mean SLP near Darwin, Australia. The two key
areas involved in Schwing’s definition cross the equa-
tor while our definition of NOI concentrates on the
oscillation of SLP in the North Pacific.

Since we are mainly interested in variations on
the interannual timescale, a 3—7-yr bandpass filter (Li,
1991) was applied to all the data to remove the short-
term and interdecadal variations.

3. Definitions of EE and CE

In this paper, EE and CE are defined as the EN
events with anomalous warm water originating first
from the west and the east of 120°W, respectively.
The definition is given according to the initial position
of warm water in the tropical Pacific, similar to the
definition by Fu et al. (1986) and Chang and Zhang
(2008). That is to say, we classify EE and CE based
on the onset phase, different from the “warm pool El
Nino” and “cold tongue El Nino” (Kug et al., 2009)
which were based on the peak phase of El Nino.

According to this definition, there were 6 CEs
(1962, 1968, 1982, 1987, 1991, and 1997) and 4 EEs
(1957, 1965, 1972, and 1977) during 1951-2001. From
Fig. 1, it is seen that interdecadal changes in the fre-
quency of CE and EE are significant. There were more
EEs before the 1980s and more CEs after the 1980s.
Due to this marked interdecadal change, Wang (1995)
and Kug et al. (2009) attributed the occurrence of CE

or EE to the difference in background ocean status.

4. Evolutions of SSTA and SOTA during EE
and CE

We denote the EN developing year as year 0,
the following (previous) year as year 1 (-1), and
December-1 to February 0 as DJF-1. Similar to the
definition of Rasmusson and Carpenter (1982), four
phases for an EN event were defined: precursor (DJF-
1-MAMO), development (JJAO-SONO), mature
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Fig. 1.
Nino-3 SSTA. Solid dots stand for EE and open circles for
CE.

(DJF0), and decay (MAM1-JJA1).

The evolutions of SSTAs and SOTAs of typical
CE (1997) and EE (1972) events were shown in Fig.
2. From January to November 1996, before the precur-

Temporal evolution of 11-yr running mean of

sor phase, there was persistent warming in the western
Pacific warm pool (WPWP). The positive SSTAs ex-
tended to 160°W. During the precursor and develop-
ment phases (January—July 1997), the warm water in
WPWP expanded eastward, first causing the warm-
ing over the central Pacific, then the coastal warm-
ing in the Southeast Pacific. In the autumn and win-
ter of 1997, the SSTA in the eastern tropical Pacific
reached its peak. During the summer and autumn of
1998, with the invasion of cold water from WPWP,
EN ended successively from the west to the east.

In the case of EE (1972), the evolution of SSTA
was different. Before the precursor stage (January—
October 1971), the warm water in the far western Pa-
cific (limited to the west of 150°E) was weak and main-
tained quasi-stationary. There were negative SSTAs in
WPWP. During the precursor and development stages
(January—October 1972), the marked warm water first
appeared along the southern American coast, and then
propagated westward. The peak time of this EN event
was the winter of 1972/1973. During the summer and
autumn of 1973, with the westward propagation of
cold water from the eastern Pacific, this typical EE
event ended successively from the east to the west.

Examining the other five cases of CE and three
cases of EE, the evolutions of SSTAs of CE (or EE)
bear similarities (figures omitted). The top panels of
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Fig. 3 show the composite longitude-time sections of = between the two composite wind fields are statistically
SSTA in the equatorial Pacific for all the 6 CEs and  significant at the 5% significance level (Wei, 1999). In
4 EEs, respectively. A student’s ¢-test has been per-  the case of CE, the persistent warming in WPWP dur-
formed to determine the areas where the differences  ing the precursor stage and the eastward propagation
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Fig. 2. Longitude-time diagrams averaged for 5°S-5°N of normalized SSTA (top panels) and SOTA (bottom panels)
for the 1997 EN event (CE; left panels) and the 1972 EN event (EE; right panels). Shading denotes the area of values
above the 5% significance level.
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Fig. 3. Composite longitude-time diagrams averaged for 5°S—5°N of normalized SSTA (top panels) and SOTA (bottom
panels) for CE (left panels) and EE (right panels) events. Shading denotes the area of values above the 5% significance

level.

of warm water in the development stage were clear.
The development of CE reached its peak in DJF1 fol-
lowed by gradual weakening from the west to the east
caused by the invasion of cold water from WPWP. In
the case of EE, the warm water in the western Pacific

was confined in the area west of 150°W. The SSTAs
in WPWP were negative. In its onset stage (MAMO),
notable warm water first appeared along the south-
ern American coast, and then propagated westward.
The peak of EE normally appeared in SONO, earlier
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than that of CE, which often occurred in DJF1. In
the decay period (MAM1-JJA1), with the westward
propagation of cold water from the eastern Pacific, the
EE event was successively ending from the east to the
west. Therefore, the warming in WPWP and the east-
ward advection of warm water thereafter from WPWP
played important roles in the onset of CE while EE
was mainly caused by the local anomalous warming
in the equatorial eastern Pacific and the subsequent
westward propagation of warm water.

The evolutions of SOTA for the cases of CE and
EE (Figs. 2 and 3; bottom panels) displayed similar
characteristics to SSTA, respectively. The impacts of
warm water advection from WPWP and local warm-
ing in the eastern Pacific for the onsets of both CE
and EE are shown more clearly.

5. Evolutions of SO and NO and their connec-
tions to CE and EE

The evolutions of SSTAs and SOTAS, as seen from
Figs. 2 and 3, suggest a notable difference in the evo-
lution of CEs and EEs.

of the difference, let us carefully examine the evolu-

To understand the causes

tions of the anomalous westerlies in the tropical Pa-
cific which could trigger EN events. In the winter of
1996,/1997, the precursor stage of CE, anomalous west-
erlies (easterlies) prevailed over the western and cen-
tral tropical Pacific (the eastern tropical Pacific) (Fig.
4a). However, before the precursor stage of EE, the
autumn of 1971, the distribution of anomalous winds

was different: westerly anomalies were found over the
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western and eastern parts of the tropical Pacific, and
pronounced easterly anomalies over the central Pacific
(Fig. 4b).

By examining the low-level wind anomalies over
the tropical Pacific in the precursor stage of the six
CE events and four EE events, we find that the differ-
ences between the two groups of events are apparently
much larger than the differences among the members
of each group. The composite results of the evolution
of normalized winds at 1000 hPa for 6 CEs and 4 EEs
are shown in Figs. 5a and 5b, respectively. In SON-1,
before the onset of CE, there were two anomalous cy-
clonic circulations, the so-called cross-equatorial trop-
ical cyclone pair, residing over Australia and in the
east of the Philippines (Keen, 1982).
pair of cyclones, anomalous westerly prevailed. In

Between the

the subtropical eastern Pacific, there was a pair of
cross-equatorial anticyclones with anomalous easter-
lies prevailing in between. In fact, the positions of
these anomalous cyclonic and anticyclonic vortex pairs
coincided with the locations of the two atmospheric
activity centers that formed SO and NO. In SON-1,
SOI and NOI were both positive (Fig. 6a), and the
maintenance of the anomalous cyclone over the east of
the Philippines near 140°E forced persistent warming
in WPWP by the anomalous southerly flow at its east
flank, which provided a favorable background for the
warm water advection at surface and sub-surface lev-
els henceforth. From DJF0 to MAMO, the anomalous
cyclone in the east of the Philippines migrated and
extended eastward, suggesting that NO was transiting

from positive phase (NO™) to negative phase (NO™).
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Fig. 4. Distributions of normalized winds (vectors) at 1000 hPa and normalized SSTA (contours) in the (a) winter
of 1996/1997 (the precursor stage of a CE event) and (b) autumn of 1971 (before the precursor stage of an EE event).

Areas with SSTA greater than 0.5 are shaded.
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The anomalous westerlies along the southern flank of
the anomalous cyclone also propagated eastward, en-
hancing the warm water advection from WPWP to
eastern Pacific and leading to warming in the central
Pacific (Gill, 1983; Schiller et al., 2000; Vialard et al.,
2001). Meanwhile, SO remained in its positive phase
(SO™).
equatorial eastern Pacific, being unfavorable for the
Thus,

two crucial scenarios for CE that occurred in sequence

Anomalous easterlies still prevailed over the

coastal warming in the southeastern Pacific.

were: the preceding warming in WPWP associated
with NO and then the local warming in the eastern
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Pacific caused by SO. Their joint impacts gave rise
to the onset of CE. One may also see that the asyn-
chronous progress with the transition from NO™T to
NO™ prior to the transition of SO played a major role
in the above sequence.

The main difference between the evolutions of CE
and EE occurred from SON-1 to MAMO. In SON-1,
the structure of SLP anomalies in North Pacific in the
case of EE was similar to the one in the case of CE
(figure omitted). The anomalous cyclone and anticy-
clone were over the western and eastern North Pacific,
respectively. NO was in its positive phase. It should
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Fig. 5. Composites of SSTA (contours) and normalized winds (vectors) at 1000 hPa for CE (left panels) and EE (right
panels) from SON-1 to DJF1. Areas in which the composite of SSTA differs significantly above the 5% significance level

are shaded. Letter C (A) stands for the center of the anomalous cyclonic (anticyclonic) circulation.
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be noticed that the anomalous cyclone in the north-
western Pacific was near the South China Sea, far
west of its position in the case of CE. The anoma-
lous southerly at the east flank of this anomalous cy-
clone led to the warming near 130°E, not in WPWP.
Thus, the warm water advection from WPWP in the
case of EE was weaker than in the case of CE. Mean-
while, an anomalous anticyclone was located over the
central southern Pacific, and anomalous cyclones were
over southeastern and southwestern Pacific, respec-
tively. SO was in its negative phase. Wind anomalies
were consistent with the SLP anomalies, with westerly
anomalies over the southeastern and southwestern Pa-
cific and easterly anomalies over the central Pacific.
The relaxed southeast trade winds over the southeast-
ern Pacific played an important role by suppressing the
local upwelling, leading to the local warming (Bjerk-
nes, 1969).
tral Pacific restrained the warm water advection from
WPWP. From DJF0 to MAMO, the anomalous cyclone
over the western North Pacific extended to the central

The anomalous easterlies over the cen-

Pacific, whereas the anomalous anticyclone over the
central South Pacific disappeared. NO was in its neg-
ative phase with the westerly anomalies and positive
SSTA in the central Pacific. It is clear that the local
warming in the eastern Pacific caused by SO was prior
to the warm water advection from WPWP in the case
of EE. Their joint impacts led to the onset of EE.

To summarize, the asynchronous variations of SO
and NO resulted in the difference in SSTA in WPWP
and the difference in the anomalous westerlies over
the central and southeastern Pacific. These were two
scenarios essential to the onsets of CE and EE. The
composite temporal evolutions of SOI and NOI (Fig.
6) clearly show the impact of the asynchronous vari-
ations of SO and NO in the occurrences of CE and
EE.

6. Conclusions

In this paper, we attempt to provide an expla-
nation to the difference of two types of EN forma-
tion. Based on an examination of the evolutions of 10
EN events in 1951-2001, it has been shown that the
eastward warm water advection from WPWP and the
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local warming in the southeastern Pacific both con-
tribute to the onset of EN. We have focused on the
difference of the two types of EN. For CE events, the
warm water advection from WPWP played a major
role, while for EE type of events the local warming
process in the equatorial eastern Pacific was crucial.
And before the occurrence of EN events, there was a
prolonged warming process of sea water in the WPWP
area for CE cases, while for EE, that tended to be a
period of persistent cooling. We propose that a direct
cause behind all these phenomena lies in the short-
term asynchronous variations of SO and NO. For CE,
the progress of NO was leading SO, and the persistent
warming of sea water in WPWP as well as the subse-
quent stronger warm advection eastward were caused
by NO (in its negative phase); the local warming in
the equatorial eastern Pacific caused by SO (in neg-
ative phase; lagged) came later and worked in con-
cert with the former. For EE, the progress of SO was
leading NO and the local warming in the southeast-
ern Pacific caused by SO (in its negative phase) was
prior to the warming in the central Pacific resulted
from the eastward warm water advection caused by
NO (in negative phase; lagged). At the beginning of
EE, there were negative SSTAs in WPWP due to NO
in its positive phase. The eastward warm water advec-
tion from WPWP in the case of EE was weaker than
that of CE. This may partly explain why CE tends
to be always stronger than EE. These conclusions are
based on the interannual variations of atmosphere and
ocean. The evolutions of the original SO, NO, SSTA
and SOTA (figures omitted) were similar to the cor-
responding ones on the 3-7-yr timescale. Thus, the
asynchronous variations of SO and NO played an im-
portant role in the onsets of CE and EE.
Acknowledgments. The author would like to
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