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Abstract: Some recent studies presented two existing types of ENSO events, one is the Eastern-Pacific (EP) type and
the other the Central-Pacific (CP) type. This study examined the monitoring ability of several current operational ENSO
indices. The results indicated that a single index could not distinguish the EP and CP in the historical ENSO events dur-
ing 1950-2009. The Nifio 3 index may only be suitable for monitoring the EP-type ENSO, while the Nifio 4 index
works only for the CP-type ENSO. In order to capture the occurrence of ENSO events and distinguish the type, we con-
sidered a new monitoring index group using Nifio 3 and Nifio 4 indices. Further analysis confirmed that this index
group can monitor different types of historical ENSO events with different spatial distribution of sea surface tempera-
ture. It has a good performance in determining the characteristics of the ENSO events, including peak intensity, onset,

decay, and mature phase.
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1 INTRODUCTION

As the strongest interannual climate signal in the
global climate system, El Nino/Southern Oscillation
(ENSO) often results in frequent occurrence of climate
anomaly and extreme climatic events on the global
scale (Christensen et al.!). Therefore, monitoring and
predicting the ENSO provides reliable information and
physical foundation for the prewarning of climate-relat-
ed disasters (Huang™; Cheng et al.; Cai et al.”; Wu et
al.®’; Liu et al.'; Zhai et al.™). In order to conduct oper-
ational ENSO monitoring, various institutions at home
and abroad use a number of indices developed on the
basis of these research results, e.g. the sea surface tem-
perature of Nifio 3.4 by Climate Prediction Community,
USA (Barnston et al.™) or that of Nifio 3 by Japan Me-
teorological Administration (Hanley et al.®). In China,
the National Climate Center defined a Nifio Z index by
examining the sea surface temperature (SST) anomaly
(SSTA) averaged over extended regions of the central
and eastern Pacific (Nifio 1+2+3+4) and used it to mon-
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itor the ENSO (Li ™; Li et al.'"). At the National O-
ceanological Administration, the conventional Nifio 3
index is used. In addition to these indices for ENSO
that are based on the variable of SST, an ENSO index
(MEI) based on multiple physical variables was de-
signed at the Laboratory for Earth System Studies of
USA that combines atmospheric characteristics with the
SST ones (Wolter and Timlin ). It is clear that there
has not been any unified standard for ENSO monitoring
indices internationally (Chen et al.!™). Due to obvious
differences among the indices above, large variations
exist in determining the onset time and intensity of the
same ENSO event (Trenberth™). With regard to the fact
that there are multiple and inconsistent indices for mon-
itoring the ENSO, the Science Supervision Group of the
World Climate Research Program (CLIVAR) especially
required its affiliated Working Group for Seasonal and
Interannual Prediction (WGSIP) to address the issue
with extra effort and solve it at an earliest possible time
(WMOM),

It can be seen from ENSO’s own characteristics
that most of its events appeared in the cold tongue of
the equatorial eastern Pacific (Nifio 3) prior to the
1980s but they began to appear in the equatorial central
and eastern Pacific after mid-1980s so that the conven-
tional Nifio 3 index could not monitor this type of EN-
SO efficiently (Wang and An!®). Furthermore, existing
studies have shown that these two types of ENSO differ
in nature, evolution, genesis mechanism and climate im-
pact (Kug et al.!; Sun et al.'™), especially the cen-
tral-Pacific-type of ENSO that often results in anoma-
lously less typhoons (Zhou et al.l')). As a result, the E-
MI, Nifio 4 and CPI become the indices with which the
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ENSO events happening in the equatorial central Pacific
are identified (Trenberth and Stepaniak™; Ashok®; Kao
and Yu™). The CPC was the first institution in the world
to replace the usual Nifio 3 index with Nifio 3.4 index,
which is for the area joining the equatorial central Pacif-
ic (Nifio 4) with the equatorial eastern Pacific (Nifio 3),
as the operational index for monitoring the ENSO. It is
an effort to try to monitor all the ENSO events taking
place in these areas of the Pacific. The CPC even sug-
gested to the CLIVAR to draw plans to make the Nifo
3.4 a standard index for monitoring the ENSO world-
wide. However, the Nifio 3.4 index alone cannot distin-
guish the eastern-Pacific type from the central-Pacific
type of ENSO (Trenberth et al.®™ and Yu et al.™). In
view of it, this work, on the basis of comparing main
ENSO indices across the globe, sums up the advantages
and drawbacks of these indices to determine a proper in-
dex that can identify the ENSO event with different dis-
tribution pattern accurately and comprehensively.

2 DATA AND DEFINITION OF ENSO

In this work, the monthly 1950-2009 ERSST V3
dataset with spatial resolution at 2 longitudes by 2 lati-
tudes is used. The indices studied include Nifio 3, Nifio
3.4, Nifio 4 and Nifio Z "% To learn about the ability of
different indices in distinguishing the CP type or the EP
type of ENSO, this work also uses the EP index (EPI)
and CP index (CPI) for standard EP and CP type of
ENSO developed by Kao et al.™. The indices are de-
fined as follows:

(1) Nifio 3 anomaly index: SSTA averaged over
150 °W-90 °W, 5 °N-5 °S;

(2) Nifio 3.4 anomaly index: SSTA averaged over
170-120 °W, 5 °N-5 °S;

(3) Nifio 4 anomaly index: SSTA averaged over
160 °E-150 °W, 5 °N-5 °S;

(4) Nifio Z (combining all zones) anomaly index!"":

7=, (SSTAXS)/ 2. S,

=1 =1

i.e. SSTA averaged over Nifio 1+2+3+4;

(5) EMI(EI Nifio/La Nifia Modoki) anomaly index™":
EMI=[SSTA]C-0.5 [SSTA]E-0.5[SSTA]W, in which C
stands for the central part of the equatorial Pacific
(165°E-140 °W, 10 °S-10 °N), E the region of equato-
rial eastern Pacific (110-70 °W, 15 °S-5 °N), and W
the region of equatorial western Pacific (125-145 °E,
10 °S-20 °N);

(6) EPI/CPI anomaly index®: For the EPIL, first the
regression analysis is used to obtain the residue inde-
pendent of the change in the SST field of the tropical
Pacific, and then the residue is analyzed for EOF, and
the first primary component and time coefficient are
used as the standard EOF mode and index for the EP
type of ENSO event. The computation of the CPI is
similar to that of the EPI but the effect of the Nifio 1+2
SST has to be eliminated.

3 COMPARISONS OF DIFFERENT INDICES
FOR ENSO MONITORING

3.1 Types of spatial distribution of EP and CP types of
ENSO

Figure 1 gives the distribution of the EOF spatial
distribution of the EP and CP types of ENSO for the
EPI and CPI respectively as well as the evolutions of
the time series of standardized EPI/CPI averaged over
the winter (November to successive February) for 1950-
2008. For the EP type of ENSO (Fig.1a) a main warm
(cold) area is over the cold tongue in the equatorial
eastern Pacific with the warm (cold) maxima being east
of the equatorial 150 °W (inside Nifo 3). For the CP
type of ENSO (Fig.1b), the warm (cold) area is around
the dateline with the warm (cold) maxima being west of
the equatorial 150 °W (within Nifio 4). It is known from
the evolution of the time series of the two indices (Fig.
Ic) that they are almost anti-correlated, which indicates
that any one ENSO event can be divided into either the
EP or CP type according to its pattern of spatial distri-
bution. If the EPI/CPI greater than one standard devia-
tion is taken as the threshold to determine the occur-
rence of EP-ENSO/CP-ENSO, the background differs

Figure 1. Distribution of EOF spatial modes of the EP-ENSO (a) and CP-ENSO (b) and their time series (c).
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much in the time after 1950 and the CP-ENSO event
tends to enhance over the past 20 years. It can then be
seen that their independence of one another itself is suf-
ficient enough to show that the two indices are highly
representative of the type of ENSO each is used to indi-
cate. Because of it, the analysis below will take them as
the base of reference to compare them with other in-
dices so as to study their capabilities in monitoring EN-
SO of different types.

3.2 Application of different ENSO indices in the moni-
toring of the two types of ENSO

3.2.1 OVERALL DIFFERENCES BETWEEN THE NI O INDICES
AND EPI/CPI

To study the difference of capabilities between the
Nino indices and EPI/CPI, this work computes the cor-
relation coefficient between these indices and EPI and
CPI (Table 1). The results show that when the EP-EN-
SO appears, the Nifio 3 index is best correlated with the
EPI that represents the EP-ENSO at a coefficient of
0.62, followed by Nifio Z and Nifio 3.4, and Nifio 4 is
uncorrelated with an EPI of 0.0. On the other hand, the
Nifio 4 index is best correlated with the CP-ENSO in-
dex of 0.82, followed by the EMI and Nifio 3.4. To fur-
ther study the difference between the Nifio indices and
the EPI/CPI, the former indices are standardized and
computed for their root mean square error (RMSE, see
Table 1). As shown in the result, Nifio 3 has the small-
est difference from the EPI with a RMSE of 0.84 while

Table 1. Correlation coefficients and RMSEs (indicated by
the numerals inside the brackets) for various Niflo indices
and the EPI/CPL

Nifio index EPI CPI
Nino 3 0.62(0.84) 0.46(1.06)
Nino 3.4 0.35(1.08) 0.68(0.82)
Nino 4 0.00(1.21) 0.82(0.67)
Nino Z 0.47(0.93) 0.58(0.9)
EMI -0.59(1.35) 0.78(0.8)

Nifio 4 has the smallest difference from the CPI with a
RMSE of 0.67.

3.2.2 COMPARISONS BETWEEN THE TWO TYPES OF ENSO
IN SEASONAL PHASE-LOCKED NIAO INDICES

As shown in Yu et al.””), both the EP and CP types
of ENSO have good seasonal phase lock with the peak
appearing from the end of autumn to winter. Then, can
the existing Niiio indices represent this characteristic
well? For the strong EP-ENSO and CP-ENSO (Fig.1),
the individual Nifio indices in the phase-lock season
(from November to the successive February) are further
computed (Fig.2). As shown in the result, the Nifio 3 in-
dex is the closest to the EPI, followed by the Nifio Z in-
dex; the EMI is the closest to the CP-El Nifio, followed
by the Nifio 4 index; the Nifno 4 index is the closest to
the CP-La Nifia, followed by the EMI.

As shown in the analysis above, the widely used
Nifio 3 index has the best ability of monitoring the
EP-ENSO while the Nifio 4 index works best in moni-
toring the CP-ENSO. The Nifio Z index is advantageous
in monitoring the EP-ENSO while the Nifio 3.4 index
works with desirable ability in monitoring the CP-EN-
SO. It is then known that the main operational indices,
either at home or abroad, are not able to monitor both
types of ENSO.

3.3 Description of the two types of ENSO by the Nifio
indices

To have more knowledge about the difference in
various Nifio indices in monitoring the evolution and
decay of both the EP-ENSO and CP-ENSO, this work
follows Kuo’s definition ™ and chooses from the cases
in the winters of 1950-2009 the EP-ENSO and CP-EN-
SO with the EPI and CPI larger than one standard devi-
ation (Fig.1) and uses the composite method to study
the evolution of various Niiio indices during the evolu-
tion and decay periods of ENSO.

It is clearly shown in Fig.3 that the EP type is
much stronger for the El Nifio event than the CP type

Figure 2. Composite mean of the indices for the winters (November to successive February) of 1950-2009. (a): EP-El

Nino; (b): EP-La Nina; (c): CP-El Nino ; (d): CP-La Nina.
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Figure 3. Evolution of different standardized ENSO monitoring indices for the EP-ENSO (a, ¢) and CP-ENSO (b, d)
events. Solid curve: El Nifio event; dashed curve: La Nifia event. (a): Year of EP-ENSO occurrence and 24-month
composite mean of standardized EPI; (b): Year of CP-ENSO occurrence and 24-month composite mean of standard-
ized CPI; (c): Year of EP-ENSO occurrence and 24-month composite mean of standardized Nifio indices; (d): Year of
CP-ENSO occurrence and 24-month composite mean of standardized Nifio indices.

with the largest index being up to 2 standard deviation
while the CP type is much stronger for the La Nifia
event than the EP type, a characteristic consistent with
the finding of Yu et al.™. Tt is also known from the
evolution of the EP-ENSO that the Nifio 3 index is al-
ways much warmer (cooler) than any other indices, sug-
gesting that the main area of warming (cooling) for the
EP-ENSO is located over a cold tongue of the equatori-
al eastern Pacific, a feature that reflects its nature.

Among various indices, the EMI is the index that
reflects best the El Nifio evolution for the CP-ENSO but
works much worse for the La Nifia, which may be at-
tributed to its main function of being mainly used to re-
veal the El Nifio Modoki (a western CP-El Nifio). Fur-
ther study indicates that the Nifio 4 index is the best a-
mong the remaining indices in capturing the evolution
of CP-El Nino and CP-La Nifia and is able to represent
all the periods from the genesis, evolution, maturing and
decay of the CP-ENSO. It is therefore concluded that
this is the right index for monitoring the CP-ENSO.

4 A GROUP OF INDICES COMBINING CP
AND EP TYPES OF ENSO

As shown in the analysis above, the Nifio 3 index
has the best ability, among the current Nifio indices in
use, to monitor the EP-ENSO while the Nifio 4 index is
the best monitor for the CP-ENSO. No one single index
can do well in identifying different types of ENSO.
Then, can they be combined into a group to do the job?
Before specific definition is given, the time-longitude
distribution of equatorial SSTA smoothed for three
months since 1950 and the evolution of corresponding
Nifio 3 index larger than 0.5°C and Nifio 4 index small-

er than -0.5°C that maintain for more than five months
(Fig.4) are first presented here. Over the past 60 years,
a total of 36 ENSO events have taken place by the Nifio
3 index but the number is only 29 by the Nifio 4 index.
In contrast, the index group can cover all of the ENSO
events. It is also found from Fig.4 that some relatively
long ENSO events are with multiple peaks. For in-
stance, for the strong La Nifia events in 1954/1956 and
1999/2000, the Nifio 3 index reported as two discontin-
uous events while the Nifio 4 index showed it as one
single event with dual peaks.
4.1 Index group for comprehensive monitoring
4.1.1 DEFINITION OF ENSO EVENT

An index group, which has been treated with mov-
ing average, is set up using the SSTA of the Nifio 3 and
Nifio 4 from the climatological field in 1971-2000.
When either of the indices reaches the threshold (%
0.5°C) and remains in this state for at least five months,
an El Nifio (La Nina) event is defined to take place.
When both of the indices pick up such an event but
with different time of beginning and ending, the event is
defined to begin at the earlier time and end at the later
time.
4.1.2 DEFINITION OF ENSO TYPE

The indices of Nifio 3 and Nifio 4 are used to de-
fine the intensity of the ENSO event and the intensity at
the peak of the ENSO is compared between Nifio 3 and
Nifio 4 to decide on the type. When the peak intensity
appears in Nifio 3 (Nifio 4), the event is defined as an
EP type (CP type).
4.1.3 DEFINITION OF ENSO INTENSITY

With the Nifio 3 and Nifio 4 indices that are based
on the 1971-2000 standard deviation, the peak intensity
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Figure 4. Time-longitude cross sections of three-month-smoothed SSTA evolution for 1950-2009 and evolution of cor-
responding Nino 3 and Nino 4 indices. The indices are plotted if they are larger (smaller) then 0.5°C (-0.5°C) for five

months.

of EP-El Nifio and CP-La Nifia events, which is defined
with the index group, is statistically determined and five
levels of intensity, namely very weak, weak, moderate,
strong, very strong, are divided against four values with-
in £0.50and 0.

Following the definition presented above, Tables 2
and 3 introduce the type, intensity, onset and ending
time of all the ENSO events in 1950-2009. How do the
two types of ENSO exhibit their type, outbreak and
ending time and intensity with the new definition of the
index group? It will be studied in detail in the sections
that follow.

4.2 Variations of the two types of ENSO

Figure 5 presents the 36 ENSO events taking place
in the 60 years from 1950 to 2009 with 20 of them be-
ing the El Nifio event and 16 being the La Nifia event.
The CP-EI Nifio (11 times) is in the majority in the El
Nifio event while the EP-La Nifia (10 times) is much
more in the La Nifia event. It is attributed to the fact
that Nifio 4 is the area where warm water of the equato-
rial central Pacific piles up to lead to high SST, likely
to cause El Nifio events, while Nifio 3 is relatively cool,

Figure 5. Statistics of the times of El Nino/La Nina events of
different types.

making the La Nifia event likely to occur. Besides, the
interdecadal distribution of these events also reveal that
there were more EP-ENSO events prior to the 1980s but
there were more CP-ENSO events after it (Table 4).
4.3 Comparisons of the time of outbreak, ending and
gelting matured

To further study the temporal characteristics of
ENSO events of different types, this work studies the



158 Journal of Tropical Meteorology

Vol.21

Table 2. Type and intensity of the El Nifio event as defined by the group of Nifio 3 and Nifio 4 indices.

Times  beginning year ~ Month  ending year =~ Month  duration  peak year = Month  peak type  peak intensity

1 1951 6 1952 1 8 1951 11 EP Strong

2 1957 3 1958 7 17 1958 1 CP Moderate
3 1963 6 1964 2 9 1963 11 CP Moderate
4 1965 4 1966 5 14 1965 11 CP Moderate
5 1968 10 1969 7 10 1969 1 CP Moderate
6 1969 8 1970 2 7 1969 11 EP weak

7 1972 4 1973 4 13 1972 11 EP Very strong
8 1976 6 1977 3 10 1976 10 EP Weak

9 1977 8 1978 2 7 1977 12 CP Weak
10 1982 4 1983 9 18 1982 12 EP Very strong
11 1986 7 1988 3 21 1987 9 CP Moderate
12 1991 4 1992 8 17 1992 1 CP Strong
13 1993 2 1993 8 7 1993 5 EP Weak
14 1994 4 1995 4 13 1994 12 CP Moderate
15 1997 4 1998 7 16 1997 11 EP Very strong
16 2002 4 2003 4 13 2002 11 CP Moderate
17 2003 8 2004 2 7 2003 11 EP Weak

18 2004 5 2005 3 11 2004 9 CP Weak

19 2006 7 2007 2 8 2006 12 EP Moderate
20 2009 5 2009 12 8 2009 12 CP Strong

Table 3. Same as Table 2 but for the La Nina event.
times  Beginning year ~month  Ending year ~ month  duration  Peak year month  Peak type  Peak intensity

1 1950 1 1951 4 16 1950 1 EP Strong

2 1954 2 1957 2 37 1955 11 EP Very strong
3 1961 6 1961 12 7 1961 9 EP Moderate
4 1962 8 1963 2 7 1962 11 EP Weak

5 1964 3 1965 2 12 1964 5 EP Moderate
6 1966 8 1967 2 7 1966 12 EP Very weak
7 1967 7 1968 6 12 1968 2 EP Moderate
8 1970 4 1972 2 23 1971 1 EP Moderate
9 1973 4 1974 8 17 1973 12 CP Very strong
10 1974 9 1976 5 8 1975 12 CP Strong
11 1978 3 1978 9 7 1978 5 EP Weak

12 1984 9 1986 2 18 1984 12 CP Moderate
13 1988 3 1989 6 16 1988 12 CP Very strong
14 1995 8 1996 3 8 1995 10 EP Weak

15 1998 7 2000 7 25 2000 1 CP Strong
16 2007 6 2008 6 13 2008 1 CP Moderate

Table 4. Interdecadal distribution of the ENSO event types
in 1950-2009.

year EP type CP type
1950-1964 6 2
1965-1979 7 5
1980-1994 2 5
1995-2009 4 5

time of outbreak, ending and maturing on the seasonal
time scale, i.e. the month in which the ENSO events
reach their peaks (Fig.6). The EP-ENSO mostly breaks
out in summer and ends in winter, the EP-El Nifio
mostly gets matured in autumn, and the EP-La Nifia e-
volves to its mature stage in autumn and winter. The

CP-El Nifio mostly starts in spring, ends in the succes-
sive spring and summer and becomes matured in au-
tumn and winter, and the CP-La Nifia mostly initiates in
the first half of the year and ends in the successive sum-
mer with maturing coming in winter. Comparisons show
that the CP-ENSO has ecarly onsets but late endings,
persisting relatively long, while the EP-ENSO has late
onsets but early endings, lasting relatively short. Be-
sides, the EP-ENSO matures a little earlier than the
CP-ENSO, which is consistent with Kao et al.”.
4.4 Determination of intensity level

From the statistical results of intensity levels of
EP-ENSO and CP-ENSO events (Fig.7), it is known
that they are not in normal distribution. For the El Nifo
event, the CP type all concentrates in the moderate level
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Figure 6. Seasonal distribution of the time of onset (a), end-
ing (b) and peak (c) of ENSO events of different types.

Figure 7. Statistics of intensity levels for the EP-ENSO and
CP-ENSO events. EW for extremely weak; W for weak; M
for moderate; S for strong; ES for extremely strong.

while the EP type is either very weak or very strong.
For the La Nifia event, the CP type is relatively strong
while the EP type is relatively weak.

In summary, the intensity of EP-El Nifo and
CP-La Nina is relatively high while that of the CP-El

Nifio and EP-La Nina is relatively moderate.
5 CONCLUSIONS

The ENSO indices currently used at home and
abroad are studied in this work for their ability to moni-

tor the ENSO events of the EP and CP type from 1950
to 2009. As shown in the result, no single index is able
to distinguish which type of distribution they belong to;
the Nifio 3 index is good at identifying the EP-ENSO
event while the Nifio 4 index works well in capturing
the CP-ENSO event. In view of the finding, the two in-
dices are suggested to be combined into a new group of
indices to monitor different types of ENSO events.

(1) The index group can monitor different types of
ENSO events ever taking place in history while no one
single index can decide on the type all on its own. The
group of indices is also able to have accurate determina-
tion of the peak value, starting and ending time and ma-
turing period.

(2) In the 60 years spanning from 1950 to 2009, a
total of 36 ENSO events have taken place, 20 of which
are El Nifio events while only 16 are La Nifia events.
The CP-EI Nifio (11 times) is in the majority in the El
Nivo event while the EP-La Nina (10 times) is much
more in the La Nifia event. Besides, the interdecadal
distribution of these events also reveal that there were
more EP-ENSO events prior to the 1980s but there were
more CP-ENSO events after it.

(3) From the statistical results of intensity levels of
EP-ENSO and CP-ENSO events, it is known that they
are not in normal distribution. For the El Nifio event,
the CP type all concentrates in the moderate level while
the EP type is either very weak or very strong. For the
La Nina event, the CP type is relatively strong while the
EP type is relatively weak.
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