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Abstract

From 1950 to 1988, 10 ENSO (El Nifio-Southern Oscillation) events have occurred. These ENSO
events are defined by using the Southern Oscillation index (SOI) and the sea surface temperature
(SST) anomaly in the central equatorial Pacific. The ENSO events are classified based on the positive
anomaly length of the SST time series: about a year with one northern winter, or two or more years
with two northern winters. The shorter one (BO-ENSO) terminates in the following year of the
occurrence, and the longer one (LF-ENSO) terminates in the two years after the occurrence. The
occurrence and termination of both types have strong phase preference to the seasonal cycle of the
mean field, i.e., the seasons between northern winter and northern summer. The occurrence years of
each type are as follows; the years of BO-ENSO are 1951, '53, ’63, ’65, '72, and 1982 (6 cases) and
the years of LF-ENSO are 1957, ’68, 76, and 1986 (4 cases). Since the occurrence, development, and
termination of the both types of ENSO have a seasonal phase preference, composite analysis is used
to explain the difference between the two types of ENSO clearly. In the northern winter immediately
after the BO-ENSO occurrence, the wind stress anomaly field has a specific clockwise eddy off the east
coast of the Philippines. This eddy affects the ocean through Ekman pumping and plays an important
role in ENSO termination. The most significant difference between a BO-ENSO and an LF-ENSO is
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whether this eddy appears or not.

1. Introduction

The phenomenon called ENSO (El Nifio-Southern
Oscillation) has attracted many researchers as a
typical large-scale air-sea interaction since Bjerknes
(1966, 1969). This phenomenon has the interannual
time scale of 2 to 6 years or so, and has been noted as
a major cause of the extreme weather conditions all
over the world (e.g. Ropelewski and Halpert, 1987;
Halpert and Ropelewski, 1992). However, the char-
acteristics of each ENSO seem to be quite different
from one to another. It is very important to iden-
tify accurately the strength and duration of each
ENSO, and the seasonal timing of the occurrence
and termination, thereby to understand the mecha-
nism and the effect of ENSO on the global circula-
tion. The long-term forecast also requires physical
understanding. One of the most essential purposes
of this study is to evaluate and classify with cer-
tainty the duration of each ENSO.

The years of ENSO since the 1500’s were investi-
gated in detail by Quinn (1978, 1987) from the past
records of catastrophic floods in northwestern South
America and of cruises in the adjacent sea area, doc-
umented in several languages. In addition, Thomp-
son (1984) and Lough and Fritts (1985) determined
the past ENSO years from the stratigraphy of the
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Quelccaya ice cap and tree-ring analysis, respec-
tively. Wang (1992) surveyed the ENSO chronology
for the last 600 years from proxy data such as Nile
floods, Peruvian floods, Australian draughts, num-
bers of typhoons landing on China, cooler summers
in East Asia, and so on. The ENSO years in this cen-
tury have already been determined by van Loon and
Madden (1981), Rasumusson and Carpenter (1983),
and Trenberth (1984), mainly from SST (sea surface
temperature) and SOI (the Southern Oscillation in-
dex) data.

In terms of the time interval of ENSO, Wyrtki
(1975, 1985) pointed out that it was a consequence
of the piling up process of warm waters in the west-
ern tropical Pacific. Graham and White (1988) and
White and Pazan (1989) showed, on the other hand,
that the off-equatorial Rossby wave of the ENSO de-
layed oscillator played an essential role in fixing the
period. Enfield and Cid S. (1991) surveyed the re-
lationship between the interval of ENSO and solar
activity, by using Quinn’s (1987) data, showing that
the interval is about 5 years when the solar activ-
ity is strong, while it is 3.5 years shorter when the
activity is weak.

The past ENSO events were sorted in four levels
according to strength by Quinn (1987) and Wang
(1992). There is also the classification of ENSO with
respect to the interval, such as by Enfield and Cid
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S. (1991). Fu et al. (1986) classified ENSO events
into three types from the zonal gradient pattern
of SST in the equatorial Pacific. Yasunari (1985)
showed that the major and minor ENSO events
could be explained by the superposition of two
dominant modes (20-30 and 40-60-month periods),
which were detected in the interannual variability
of tropical Walker circulation. Barnett (1991) ad-
vanced the idea of Yasunari (1985) and classified
ENSO events into three categories of strength, ac-
cording to the relation between amplitude and phase
of the two predominant periodic components in in-
terannual variability mentioned above. Lau and
Sheu (1988) predicted the two types of the ENSO cy-
cle from the conceptional model: one is the two-year
cycle, and the other is the four-year cycle. In the
cycle of the conceptional model, the period depends
on the positive or negative correlation between the
air-sea interaction.

Although ENSO events are classified in various
manners as listed above, they have never been clas-
sified in terms of the duration. In this study, we
propose two types of ENSO, by classifying the du-
ration of the individual events. This classification
contributes to an explanation of the relationship be-
tween the dominant modes in interannual variabil-
ity such as that of Rasumusson et al. (1990), more
concretely. In addition, the difference of the im-
pact on the global weathers, depending upon the
type of ENSQ, is important, especially regarding the
persistence and variability of the global circulation
anomalies. The evolution and its seasonality of each
type of ENSO are also investigated.

Section 2 of this paper describes the data used.
The classifications based on the duration of ENSO
and the seasonal evolution of each type are described
in Section 3 and Section 4, respectively. The sum-
mary and discussion of this study is given in Sec-
tion 5.

2. Data

In this study, the following three datasets were
used.

Sea surface temperature (SST). These data,
edited by the United Kingdom Meteorological Of-
fice, includes monthly data for the period from Jan-
uary 1854 to February 1989, and is given on 5°x5°
lat.-lon. grids from 80°N to 80°S for all longitudes.
Missing data were interpolated and extrapolated
further as follows. The missing data in the space
field were linearly interpolated if the number of
neighboring missing data was less than three. The
missing data with gaps of more than two grid points
were extrapolated by using the regression line and
the correlation coefficient between the time series of
this grid point and the adjoining grid points. The
1950-1989 data were used for analyses because a
number of missing data were noticed before 1950.
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The Southern Oscillation index (SOI). The nor-
malized sea-level pressure difference between the
maritime continent (Darwin) and the central trop-
ical Pacific (Tahitl) was used. “Monthly Climatic
Data for the World”, published by the National
Oceanic and Atmospheric Administration Environ-
mental Data Service of the USA during the period
from January 1950 to June 1989, was the original
data source.

The wind stress (WS) data. These data, which
are based on ship reports from the National Cli-
matic Data Center, were produced at Florida State
University from January 1961 through June 1989
by the month. It covers the area over the tropi-
cal Pacific (30°N-30°S, 120°E-70°W) with 2°x2°
lat.-lon. grids. These data do not have any missing
values, but the quality of some data for 1988 and
1989 is questionable, since they are produced from
the “quick-look” product.

3. Classification of ENSO

Figure 1 shows the time-longitude cross section of
SST in the equatorial Pacific (5°N-5°S) from Jan-
uary 1950 to February 1989. This figure displays
the different features of dominant fluctuation of SST
from region to region in the equatorial Pacific. In
the eastern Pacific, the annual cycle is evident. The
SST rises from northern summer to northern win-
ter and falls from the northern winter to the next
northern summer. Hereafter, we adopt the seasons
of the northern hemisphere. In the central Pacific,
the interannual variability is prominent, so that the
warm water in the west spreads eastward and re-
treats westward. In the western region, SST is usu-
ally more than 28.5°C throughout the year.

The oceanographical component of ENSO,
namely the El Nino event, is defined as the positive
large anomaly in the interannual fluctuation which
domains in the central equatorial Pacific (e.g. Ram-
age, 1975; Weare, 1976; Wyrtki, 1975, 1985). The
Southern Oscillation is the most representative me-
teorological component of ENSO. This phenomenon
is strongly coupled with the large-scale interannual
fluctuation of SST mentioned above (e.g. Bjerknes,
1966). Hereafter, we observed the interannual fluc-
tuations of SST in the central equatorial Pacific and
SOl as indicators of ENSO.

Looking at this figure more carefully, we note that
the warm water expansion from the west, for exam-
ple around 1987, obstructed the cold SST expansion
from the east over two successive years. A similar
case is found in the '68 ENSO. On the other hand,
in the ’82 ENSO, the largest one in this century,
the warm SST from the west migrated only for one
year, though it spread to the farthest east to reach
the Peruvian coast. In this case, following the cold
SST, expansion from the east was restored normally.
A similar case is noted in the '72 ENSO. Hence, we
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Fig. 1. Time-longitude cross section of SST
along the equator from January 1950 to
February 1989.
1.5°C and the areas more (less) than
28.5°C (25.5°C) are lightly (darkly)
hatched.

The contour interval is

classified ENSO events based upon these contrast-
ing features, i.e. the duration of events by using the
time series of SST in the central equatorial Pacific.

Figure 2 shows the time series of interannual fluc-
tuations of SOI and SST in the central equatorial
Pacific (5°N-5°S, 160°E-120°W) from 1950 to 1989.
Here SOI was multiplied by a factor of —1 to make it
agree in sign with SST. The interannual variability
related to ENSO stands out in the central equatorial
Pacific, as shown in Fig. 1. In this study, ENSO was
defined as the simultaneous swing phase with pos-
itive anomalies of each time series exceeding +1lo
(the standard deviation). The following 10 ENSO
events were identified as shown with the year of the
occurrence, 7.e. 1951, '53, ’57, 63, ’65, 68, ’72, ’76,
'82, and '86. These years were identical to those
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defined by van Loon and Madden (1981), Rasumus-
son and Carpenter (1983), Trenberth (1984), Quinn
(1987) and others.

By examining the time series of Fig. 2a, we de-
fined the timings of the occurrence and termination
of ENSO, when the anomalies turned over from neg-
ative to positive and from positive to negative, re-
spectively. The duration of ENSO was, then, de-
duced as a period between the occurrence and the
termination. We also referred to the time series
of Fig.2b as support for the definition. Then we
considered the fact that the dispersion of Fig. 2b in
the high-period band is larger than that of Fig. 2a,
though the correlation coefficient between the two
time series is 0.81.

It is noteworthy to state that ENSO events are
identifiable as two types, i.e., the longer one, with
two maximum peaks, and the shorter one with one
maximum peak. The longer events correspond to
’57, ’68, '76, and ’86 ENSOs. The ’57 ENSO seems
to be the exception, since this event does not have
two clear maximum peaks in SST. However, we es-
timated the event as the longer type because of its
long duration. The shorter events are '51, ’53, 63,
’65, '72, and ’82 ENSOs. We did not regard ’51 and
’53 ENSOs as one event from Fig.2b, though the
separation is subtle in Fig. 2a.

It should be noted that the duration of the nega-
tive anomaly before and after each ENSO seems to
be closely associated with the duration of the ENSO.
For example, the preceding negative phases before

“the longer ENSO events are longer than those before

the shorter ones. Hence we call the longer one an
LF-ENSO, which contains the low frequency oscil-
lation, while the shorter one is termed a BO-ENSO,
which demonstrates the biennial nature of the swing.
These features are more quantitatively discussed in
the following.

Table 1 shows the seasons of occurrence and ter-
mination, the durations of each type, and the dura-
tion of the preceding negative anomalies. The dura-
tion of an LF-ENSOQ is significantly longer than that
of a BO-ENSO. An LF-ENSO terminates two years
after the occurrence, while a BO-ENSO terminates
in the year following the occurrence. The mean du-
rations of an LF-ENSO and the preceding negative
phase are 26 and 31 months, while that of a BO-
ENSO and its preceding negative phase are 17 and
13 months. The total duration of LF-ENSOs and
their preceding negative phases (57 months) is about
twice as long as that of BO-ENSOs and their preced-
ing negative phases (30 months). The differences of
mean durations between the two types of ENSO are
statistically significant with a 99 % confident level or
more. The difference between the mean durations of
negative phases followed by the two types, however,
is not significant.

The seasons of initiation and termination of each
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Fig. 2. Time series of normalized anomalies of (a) SST (5°N-5°S,160°E-120°W) and (b) SOIL SOI was
multiplied by a factor of —1 to make it agree in sign with SST. The long-term trend was removed, and
each line was smoothed by the weighted running mean. These weights were calculated from a normal

distribution.

Table 1. The seasonal timing of the initiation and termination of a positive phase and preceding negative
phase, and the duration. The unit of duration is one month. Y(0) indicates the year that the ENSO

occurred.
BO-ENSO
NEGATIVE PHASE POSITIVE PHASE
Year Initiation Duration Conversion Duration Termination Total
1951 Spr. 1949 (24) Spr. 1951 (19) Aut. 1952 (43)
1953  Aut. 1952 (1) Win 52-53 (16) Spr. 1954 (17)
1963 Sum. 1962 (M Spr. 1963 (13) Spr. 1964 (20)
1965 Spr. 1964 (12) Spr. 1965 (20) Aut. 1966 (32)
1972  Sum. 1970 (21) Spr. 1972 (14) Spr. 1973 (35)
1982 Win. 80-81 (13) Win 81-82 (18) Sum. 1983 (31)
Ave. Win. Y(-1) (13) Spr. Y(0) (17) Sum. Y(+1) (30)
LF-ENSO
NEGATIVE PHASE POSITIVE PHASE
Year Initiation Duration Conversion Duration Termination Total
1957 Spr. 1954 (33) Win 56-57 37) Win. 59-60 (70)
1968 Win. 6667 an Spr. 1968 (25) Spr. 1970 (42)
1976 Spr. 1973 (38) Sum. 1976 (21) Spr. 1978 (59)
1986 Sum. 1983 (34) Sum. 1986 (22) Spr. 1988 (56)

Ave. Sum. Y(-3) (31)

Sum. Y(0) (26) Spr. Y(+2) (57)

type are concentrated to winter through summer for
almost all events (c¢f. Philander et al., 1984). In par-
ticular, strong phase preferences to spring are noted
at the initiation of the BO-ENSO and at the termi-
nation of LF-ENSO. The seasons of the termination
of the LF-ENSO are fixed, though the durations are
different by about one year from the durations of
the BO-ENSO. The seasons of the initiation of the
preceding negative anomalies are also concentrated
to winter through summer.

Figure 3 shows composite time series of the two
types of ENSO in the time series of Fig. 2. Note the
highly coherent fluctuation between SST and SOI.
This suggests that the oceanographical and atmo-
spheric components of ENSO evolve coherently on
the interannual time scale through the air-sea in-
teraction. It should be emphasized that the BO-
ENSO (Fig. 3a) is associated with the biennial-type
oscillation from the preceding negative phase to the
negative phase after the event. The LF-ENSQO, in
contrast, seems to occur embedded in the low fre-
quency oscillation of longer time scale from the pre-

ceding negative phase, as shown in Fig.3b. These
results give us ample evidence for the two types of
ENSO.

4. Evolution of the two types of ENSO

In order to reveal the differences between the spa-
tial and time evolutions of the two types of ENSO,
we examine the seasonal (winter and summer) com-
posites of SST and WS anomalies in the tropical
Pacific (30°N-30°S, 120°E-80°W). Rasumusson and
Carpenter (1982) illustrated similar composite di-
agrams of unclassified ENSO, which included the
6 cases of ’51, ’53, ’57, 65, ’68, and '72 ENSOs.
However, since our purpose is to see the differences
between the two types of ENSO, it is pointless to
compare with the result of Rasumusson and Car-
penter (1982), which treats the two types combined
together. In this section, we show the composite
evolution of the two types of ENSO.

Figure 4 shows the spatial evolution of the BO-
ENSO from the winter (WINTER (0) in Fig.4)
immediately before the occurrence to the summer
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Fig. 3. The composite diagrams of (a) a BO-
ENSO and (b) an LF-ENSO using the time
series of Fig. 2. Solid (dashed) line indi-
cates the mean SST (—1 x SOI).

(SUMMER (1) in Fig. 4) in the next year. This pe-
riod includes the life of the BO-ENSO.

In WINTER (0) (Fig. 4a), large positive anoma-
lies of SST (SSTAs) do not appear. The strong
WS anomalies (WSAs), however, have southwest-
erly components in the central north Pacific (160°E-
140°W, 5°N-25°N) and northwesterly components
in the eastern tropical Pacific (130°W-80°W, EQ—-
15°8S).

In SUMMER (0) (Fig. 4b), large positive SSTAs
appear in the central through eastern equatorial Pa-
cific in the shape of a tongue. To the west of the date
line, particularly to the north of Australia, large neg-
ative SSTAs are noticeable. The large zonal gradient
of SSTAs in the central through western tropical Pa-
cific seem to be coupled with the large WSAs in the
western tropical Pacific. Convergence is found in the
central equatorial Pacific (180-150°W, 10°N-10°S).
This pattern represents the expansion of convective
activities relating to the eastward spread of 28°C or
warmer water in the west (¢f. Gadgil et al., 1984;
Graham and Barnett, 1987).

In WINTER (1) (Fig. 4c), which corresponds to
the mature phase of the BO-ENSO, the large pos-
itive SSTAs still persist with a similar pattern to
SUMMER (0). Two differences between SUM-
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MER (0) and WINTER (1), however, are found.
One is the diminution of the warm region off the
west coast of South America and the other is
the meridional expansion of the warm region near
160°W. Corresponding to this expansion, the con-
vergence in the central equatorial Pacific enlarged.
The north or northeasterly anomalous flows on the
north central Pacific (180-160°W, 5°N-25°N) are
also strengthened. The other is the remarkable
change of anomalous flows from SUMMER (0) to
WINTER (1) which occurs in the western tropical
Pacific. The large westerly anomalous flows ap-
peared before summer (SUMMER (0)), but turn
northeasterly and a large clockwise eddy whose cen-
ter locates at 140°E, 10°N appears (cf. Kutsuwada,
1991). This eddy seems to contribute to the ter-
mination of the BO-ENSO through the modulation
of the oceanic “Mindanao Dome” (Masumoto and
Yamagata, 1991). Positive SSTAs appear off the
southeast coast of the Eurasian Continent and north
of Australia (cf. Hanawa et al., 1989). This pattern
suggests that the eddy depends on the heat con-
trast between the western tropical Pacific and either
the Eurasian continent or the east equatorial Indian
ocean. :

In SUMMER. (1) (Fig.4d), the positive SSTAs
in the central through eastern tropical Pacific have
obscured and have even reversed their signs. The
northeasterly WSAs in the tropical western Pacific
do not change, though the clockwise eddy does not
appear clearly. In the region of the negative SSTAs,

weak divergence appears, especially in the central

equatorial Pacific.

Figure 5 shows the spatial evolution of seasonal
anomalies of SST and WS for the LF-ENSO. The
duration is from the winter (WINTER (0)) imme-
diately before the occurrence to the summer (SUM-
MER (2)) two years after the occurrence. This du-
ration includes the life of the LF-ENSO.

In WINTER (0) (Fig. 5a), large negative SSTAs
appeared in the central through eastern equatorial
Pacific (170°W-110°W, 10°N-10°S). A region like
this does not appear in WINTER (0) of the BO-
ENSO (Fig. 4a), though there is a possibility that
the difference depends on the time lag of about one -
season between the occurrences of the two types of
ENSO (see Table 2). To the north and south of
this region, the northern or southern WSAs appear,
respectively.

In SUMMER (0) (Fig. 5b), the region of the pos-
itive SSTAs of ENSO appears around the equator
to the east of 160°W, but the region is smaller than
that for the BO-ENSO (Fig. 4b). Furthermore, the
SSTAs around the maritime continent are slightly
positive. The zonal gradient of SSTAs in the west-
ern tropical Pacific is smaller than that of Fig. 4b.
The westerly WSAs in the western equatorial Pacific
seem to be small for this reason. The positive SSTAs
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Fig. 4. Evolution of the seasonal composites (winter and summer) of SST and WS anomalies for a BO-
ENSO. The contour interval is 0.5°C. Areas over 0.5°C (under —0.5°C) are shaded lightly (darkly).
The arrows indicate the direction and the relative size of the normalized WS anomalies. WINTER (0)
indicates the winter immediately before the occurrence of a BO-ENSO.

in the region around 145°W-125°W, 20°N—-35°N are
strikingly different.

In WINTER (1) (Fig. 5¢), the region of the pos-
itive SSTAs in the central through eastern tropi-
cal Pacific expand westward and to higher latitudes.
The positive SSTAs around the maritime continent
have changed to negative from SUMMER (0), and
the westerly WSAs have appeared over the western
equatorial Pacific. The large clockwise eddy over the
western Pacific shown in WINTER (1) of BO-ENSO
(Fig. 4c) has not appeared.

In SUMMER (1) (Fig.5d), which corresponds
with the terminal season of the BO-ENSO, the pos-
itive SSTAs are still as large as in WINTER (1) and
expand further to the west by about 20° of longi-
tude. However, the region of positive SSTAs off the
west coast of South and Central America diminishes.
The anomalous flow toward the equator is strength-
ened over the western through central tropical Pa-
cific, and the westerly WSAs shown in WINTER (1)
(Fig. 5¢) on the western tropical Pacific disappear.

In WINTER (2) (Fig. 5e), the positive SSTAs
spread from the central tropical Pacific to the west
coast of North America. The negative SSTAs stay
at almost the same location in the north and south
at latitude 20 degrees since WINTER, (1). The large -
positive SSTAs in the eastern equatorial Pacific dis-
appear completely. The northwesterly WSAs have
appeared again in the western equatorial Pacific,
and southeasterly WSAs are shown in the eastern
equatorial Pacific. These anomalous flows turned to
the region of the positive SSTAs in the central trop-
ical Pacific. The anomalous flows to the equator
shown in SUMMER (1) (Fig. 5d) were weakened.

In SUMMER (2) (Fig. 5f), large negative SSTAs
are shown in the eastern equatorial Pacific. The
slight positive SSTAs appeared widely in the rest of
the tropical Pacific. This figure shows the state af-
ter the termination of the LF-ENSO. In the central
equatorial Pacific, an obvious divergence is found
over the negative SSTAs. WSAs on the west-
ern tropical Pacific have turned northeasterly from
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northwesterly. This change of the direction seems  ENSO (see Fig. 3), but further studies are needed.

to terminate the LF-ENSO, though the clockwise
eddy does not appear in WINTER (2) in the west-
ern tropical Pacific.

The fundamental difference between the two types
of ENSO is summarized as follows. The clockwise
eddy which appears in the western tropical Pacific
in WINTER (1) of BO-ENSO is not found in that
of the LF-ENSO. This eddy is likely to let the sur-
rounding warm water converge under it through Ek-
man pumping, and affects greatly the ENSO termi-
nation. In the LF-ENSO, with no such eddy, the
ENSO state remains unchanged and a warm-water
anomaly persists centered in the central equatorial
Pacific. This state continues into the next year, but
the clockwise eddy, which appeared in WINTER (1)
immediately before the BO-ENSO termination, is
not as clear in WINTER (2) as in WINTER (1) of
the LF-ENSO.

It is also clear that the negative SSTAs spread
in the central and the eastern equatorial Pacific are
more specific before and after the LF-ENSO than for
the BO-ENSO. This fact implies a relation with the
long-duration negative anomaly preceding the LF-

5. Summary and discussion

This study classifies ENSO events into two types
with respect to their duration, and specifies the dif-
ferences between the two types of ENSO.

First, we select ENSO events in the time series
anomalies of SST in the central equatorial Pacific
and SOI, with the criterion whether the positive
anomalies of the two time series exceed concurrently
the standard deviation or not. With this criterion,
10 ENSO events are selected during the period from
1950 to 1988. These occurrence years are 1951, 53,
’57, ’63, ’65, ’68, 72, 76, ‘82, and ’86.

The selected ENSO events are classified into two
types according to the duration of the event. We de-
fined the duration by the continuous period of the
positive anomalies in the two time series used for
the selection of ENSO events. 10 ENSO events af-
ter 1950 are classified into two types: one is the bi-
ennial oscillatory event, namely the BO-ENSO, and
the other is the lower frequency event, that is the
LF-ENSO.

The average duration of a BO-ENSO is about 17
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Fig. 5. Evolution of the seasonal composites (winter and summer) of SST and WS anomalies for an LF-
ENSO. The contour interval is 0.5°C. Areas over 0.5°C (under —0.5°C) are shaded lightly (darkly).
The arrows indicate the direction and the relative size of the normalized WS anomalies. WINTER (0)
indicates the winter immediately before the occurrence of an LF-ENSO.

months with one northern winter, and terminates
in the year following the occurrence. The years
of occurrence are 1951, ’53, ’63, 65, 72, and ’82.
The average duration of an LF-ENSO is about 26
months with two northern winters, and terminates
in the two years after the occurrence. The occur-
rence years of the LF-ENSO are 1957, 68, '76, and
’86. The number of BO-ENSOs is six and that of
LF-ENSOs is four, among the 10 ENSO events. The
difference between the average durations of the two
types of ENSO is statistically significant with a 99
% confident level or more. The significant difference
between the mean durations of negative anomalies
preceding the two types of ENSO is also noticed,
i.e., about 13 months for the BO-ENSO, and about
31 months for the LF-ENSO. The total mean du-
ration of the negative phase before the LF-ENSO
to the following positive phase is about 57 months,
which is almost two times longer than that for a
BO-ENSO, i.e., about 30 months. Although the du-
ration of an ENSO differs significantly between the

two types, both ENSOs tend to initiate and termi-
nate with seasonal phase preference, that is, mostly
in the northern winter through northern summer.

By applying a composite analysis, the differences
of the time and spatial evolutions of the two types
of ENSO are elucidated as follows: Firstly, the pos-
itive SST anomalies in the central through eastern
equatorial Pacific appear for three successive years
in the LF-ENSO, especially in the central equato-
rial Pacific, while in the BO-ENSO these anomalies
disappear by the next northern summer of the oc-
currence year.

Secondly, in the northern winter of a BO-ENSO,
that is, during the mature phase of a BO-ENSO,
a clockwise eddy of wind-stress anomalies appears
in the western tropical Pacific, and in the following
northern summer, easterly anomalies prevail in the
western equatorial Pacific (¢f. Kutsuwada, 1991).
No eddy appears, on the other hand, in the cor-
responding northern winter of an LF-ENSO imme-
diately after the occurrence. The easterly anoma-
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Fig. 5. (Continued)

lies are found in the northern summer two years
after the occurrence, although the clockwise eddy
does not appear in the northern winter before. The
eddy seems to be the most significant phenomenon
that characterizes a BO-ENSO. This clockwise eddy
of wind-stress anomalies affects the ocean with the
modulation of the oceanic “Mindanao Dome” in the
western tropical Pacific and plays an important role
in an ENSO termination (Masumoto and Yamagata,
1991). In other words, the eddy steadily restores the
warm water spread over the western tropical Pacific
by Ekman pumping. The observations of wind field
suggest that the eddy plays a major role in keep-
ing the biennial oscillation constant, and also sug-
gest that this eddy occurrence is closely related to
the anomalous north-south flow off the east coast
of the Eurasian Continent in the northern winter.
The Asian monsoon system, that is, the air-sea-
land system seems to control the termination of an
ENSO through this anomalous flow strength, which
is strongly affected by the pressure gradient between
the Siberian high and the Aleutian low and these
center positions. The Asian winter as well as sum-

mer monsoon activity is, therefore, suggested to be
important for ENSOs (c¢f. Yasunari, 1990, 1992).

Thirdly, before and after an LF-ENSO, the nega-
tive SST anomalies in the central through the east-
ern equatorial Pacific appear more prominently than
those before and after a BO-ENSO. The time series
analysis clarified that the negative phase before an
LF-ENSO is longer than that before a BO-ENSO.
Regarding the occurrence of each type of ENSO,
the results suggest the importance of the condition
before the occurrence, that is, the depth and dis-
tribution of the oceanic mixing layer related to the
heat content in the western tropical Pacific (¢f. Ma-
sumoto and Yamagata, 1991).

The two types of ENSO classified in this study
may be composed into the two types of ENSO sug-
gested by Lau and Sheu (1988) in the conceptional
model: one is the two-year cycle, and the other is
the four year cycle. The fact that, within the time
series of real ENSO factors such as SST or SOI,
the two types of ENSO exist together, and that
ENSO event can be classified clearly into either type,
shows that correlation of the air-sea interaction is in
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the ENSO/monsoon system, sometimes positive and
sometimes negative. This study strongly suggests
that the clockwise eddy in the wind-stress anomaly
field over the western tropical Pacific plays the role
of a switch of this correlation, and that this switch
changes the anomalous condition in the equatorial
Pacific, which controls the termination or continua-
tion of an ENSO event.

In the future, these results must be further eval-
uated quantitatively, with observational or model
studies. The scientific results of TOGA (tropical
oceans and global atmosphere) are expected to give
us further evidence and new ideas about the two
types of ENSO.
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BB T BO-ENSO ODREBBKNEZE, 74 Y B ERBIMCHGRE ) OB BHFR NG, Hnd b
LF-ENSO O RAEEKDZFITIE, TORLMIIHRL T, 273, EkmanPumping %4 L Tilg
HEIEH LU ENSO D#BICKESHF S LTWwB EEZ b 5H, BO-ENSO & LF-ENSO %431 5 ERD—
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