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ABSTRACT

The curved surface of the maximum sea lemperature snomaly (MSTA) was created Trom the JEDAC
subsurface sea lemperature anoraly data at the trapical Pucific between 1955 and 2000, 1t is uite similar to
the depth distribulion of the 20°C isotherm, which is usuully the replacement of thermocline, From the dis-
tribution and moving rajectory of positive or negualive sea temperature anomalics (STA) on the curved sur-
face we analyzed a1l the El Nifio and La Nifia evenls sinee the kuter 1960s, Bused on the analyses we found
that, using the subsurfuce warm pool as the beginning point, the warm or cold signal propagales initially
eastward and upward along the equatorial curved surface of MSTA (o the eastern Pacific and stays Lhere
severa) months and then o uen north, usually moving westward near 10°N o western Pacific and finally
propagates southward 1o return o warm pool to form an off—equator closed circuit. It tukes aboul 2 (0 4
years (or the temperature anomaly {0 meve around the cycle. If the STA of warm (cold} water is strong
enough, there will be two successive El Mifio (La Nifia) events during the period of 2 to 4 years. Sometime, it
becomes weak in motion due Lo the unsuitable aceanic or atmospheric condition. This kind process may nol
be considered as an El Nifio { La Nifia) evenl, but the moving trajeclory of warm (cold) waler can still be
recognized. Because of the allernate belween warm and cold water around the circuits, the positive
(negative) unomaly signal in equatorial western Pacific coexists with negative (posilive) anomaly signal near
10°N in eastern Pacific before the outbreak of El Nifio (La Nifia} event. The signals move in the opposite di-
rections. So il appears as El Mifio (La Nifia) in equator al 2-4 yeass intervals, The paper also analyzed sev-
erul exceplional cises and discussed the effect and importance of oceanic circulation in the evolution of El
Nifio / La Nifa event,
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1. Introduction

The E! Nifio phenomenon is characterized as the interannual appearance of unusual
oceanographic conditions—exceptionally high sea surface temperature (SST) in the eastern
equatorial Pacific, Because it can cause the abnormal variability of the global climate by the
way of air—sea interactions, a great deat of work has been done to try to make clear the physi-
cal process of its appearance and development in the past fifty years. Before the 1980s, it was
believed that the original positive sea surface temperature anomalies (SSTA) originated from
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near the coast of Peru in South America and propagaled to equator and then westward along
the equator. And the composite model synthesized by Rasmusson and Carpenter (1982), ac-
cording to SST evolvement, gave a description of such an analysis at the beginning of 1980s.
However the El Nifio of 1982—1983 which attained a very large amplitude (Gill and
Ruasmusson 1983) and the El Nifio of 1986—1987 which attained a moderate amplitude
(Mcphaden et al. 1990) were exceptional because their initial SSTA came into being in the
central and wesiern equatorial Pacific and then the positive SSTA propagated eastward along
the equator. At that time, according to the evolution of SSTA, it was taken for granted that
the development of El Nifio may have two different processes, one from the east to west and
the other from the wesl to easl. One of the major accomplishments of the 10—year (198594}
Tropical Ocean Global Atmosphere (TOGA) program is to improve the in—suit data and the
historical data, and offer the data basis to study the physical process of development.

The El Nifio of 1997—-1998 was, by some measures, the strongest on record. Analysis
made by Liand Mu {1999), McPhaden (1999) show that warm water of 1997 / 1998 El Nifio
event originates in the subsurface warm pool in the western Pacific, then spreads toward the
east and upward along the equatorial thermocline. Further investigation made by Chao and
Chao {(2001), they indicated that the warm waler of eleven El Nifio events and also the coid
water of eleven La Nifia events are appearance in the subsurface warm pool, then propagate
eastward along the equatorial curved surface of MSTA, when they reach the Nino 3 region
the positive / negative temperature anomalies have already ascended to the surface and then
appear as El Nifio / La Nifia events we usually consider.

The important question caused by the previous research is where the warm / cold water
as the source of El Nifio / La Nifia event comes from and where it goes after they reach the
Nino 3 region, For this question, Chao et al, (2002) recently studied the case of 1997 / 1998 El
Nifio and gave the moving path of warm / cold water mass. In this paper, the systematic ana-
lyses for all El Nifio / La Nifia events since late 1960s have been presented.

Monthly sea surface temperature and sea subsurface temperature data are used in this
study. They are taken from Scripps Institute of Oceanography (JEDAC) on a 5° (lat,)
2° {long.) grid. This study emphasizes the region of tropical and subtropical Pacific between
20°N and 20°S,

2. Seasonal variation of MSTA

The varied characteristic of sea temperature over thermocline is firstly to be analyzed.
The position of 20°C isotherm is usually regarded as the thermocline depth. However, the
SST over the equator and the southern part of the Eastern Pacific is less than 20°C and there
still exists thermocline there. So another method needs to be developed. In this study, based
on the previous research along equator, we point oul that the variation of temperature near
the thermocline is largest, then the historical data is used to construct the climatclogical
curved surface of maximum sea temperature anomaly (MSTA) for approximately taking the
place of the traditional thermocline curved surface in the whole tropical region. Figure | is the
result based on the above two methods, and a very similar characteristic is shown in most re-
gions of the tropical ocean, except for the smaller difference over the eastern Pacific. How
does one construct the surface of MSTA? The first step is to find the depth over the region ol
MSTA during each month in each grid. Using the weighted averages method for the same
month of each year, twelve climatic—averaged curved surface of MSTA are obtained.
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The curved surface of MSTA of January, April, July and October is shown in Fig, la,
Analysis shows liltle variation in different months, Among them, the depth is shallowest in
April, becoming deeper as the month goes. It reaches the deepest level in December, The gen-
eral depth distribution along the equator is that the thermocline reaches its deepest position
beyond 120 m in the warm pool, and gradually becomes shallower to the east, It almost
reaches the sea surface in the eastern Pucific. The deepest is not in the warm pool, but near
15°S, That phenomenon is perhaps related to the South Equatorial Current. Comparing Figs.
la and 1b (20°C isotherm curved surface, ie., thermocline curved surface), the trend is very
similar,

July

Fig. 1. (a) Climatically-averaged curved surface of maximum sea temperalure apomaly (MSTA)
{(units: m), (b) Depth distribution of the 20°C isotherm (units: m),
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3. The evolution characteristics of sea temperature anomaly in the MSTA curved sur-
face

If defined by the index of SSTA in the Nino 3 region, there are totally seven El Nifio
events, which are in 1972 /1973, 1976/ 1977, 1982/ 1983, 1986 1987, 1991/ 1992,
1994 / 1995, and 1997 / 1998. Moreover, one finds six La Nifia events, in 1971, 1973 / 1974,
1978, 1983 /1984, 1988 /1989, and 1998, Observing the development of subsurface
cold / warm water (Fig. 2), the appearing time of El Nifio / La Nifia may be not in the above
years, The reason is that the values of sea lemperature anomaly in the MSTA curved surface
and the SSTA may be not totally the same, even over the equatorial eastern Pacific,

The abscissa in Fig. 2 is divided into five parts, For the left panels, the first part covers
140°E 1o 95°W along the equator, the second 2°N to 10°N along 95°W_ the third 100°W to
145°E along 10°N, and the fourth 10°N to 2°N along 140°E. These four parts form a closed
circuit in the Northern Hemisphere, being completed by the fifih part covering 140°E to
160°E atong the equator.

For the right panels, the first part also covers 140°E to 95°W along the equator, the sec-
ond 2°8 to 10°S along 95°W, the third part 100°W to 170°E along 10°S, and the fourth along
the grid of (165°E, 10°S), (160°E, 8°S), (155°E, 6°S), (150°E, 4°S), and (145°E, 2°S). The rea-
son that we chose such a roule in the fourth part is that there are many islands near the warm
pool in the south of 140°E and no data there. The fifth part covers 140°E to 180° along the
equator and hence forms a closed circuit in the Southern Hemisphere,

The ordinate in Fig. 2 shows time, The evclution of El Nifio / La Nina, demonstrated in
the figure, is explained in the following subsections.

3.1 The development of typical warm water events

Judged by the SSTA index in the Nino 3 zone, the event of 1968 / 1969 is nol considered
an El Nifio event, However, if it is judged by the intensity and duration of sea subsurface
temperature anomaly, it is indeed a warm water event, The warm signal in the warm pool of
the western Pacific propagated eastward in 1968 and reached the equatorial eastern Pacific in
1969. It then left the equator and propagated westward along both 10°S and 10°N. It reached
the warm pool in 1971 and propagated eastward to the equatorial eastern Pacific to become
the El Nific event of 1972/ 1973. Another strong El Nifio is the event of 1997/ 1998, which
was analyzed by Chao and Chao (2001) and Chao et al. (2002). In Fig. 2 it is seen that the
warm water in the warm pool subsurface comes from the warm water event of 1995, This sig-
nal of positive sea temperature anomaly of 1995 in the Nino 3 zone propagated westwurd
along the closed circuit from 10°S and 10°N o the warm pool subsurface, and stayed and de-
veloped there to be a warm water mass, [t then moved eastward along the equatorial
thermocline to the equatorial eastern Pacific in 1997 to become the event of 1997 / 1998, Both
cases show that the warm water in.the warm pool subsurface usually comes from the positive
sea temperature anomaly in the equatorial eastern Pacific and moves westward along the
respective off—equator circuits,

3.2 The development of weak El Nifio events

The event of 1976 / 1977 was a weak one, Following the origin of its warm water, it was
found that the positive sea temperature anomaly of 1973 in the equatorial eastern Pacific
moved to the warm pool from 10°N, The signal of the weaker positive sea temperature
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Fig. 2. The evolution process of the Ei Nifio (La Nifia) events.
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anomaly moved to the Nino 3 zone along the equator and then westward along the north
branch of the circuits. During the period, the temperature anomaly was negative, However,
when it moved to the central Pacific in 1975, it changed to positive, Afler it reached the warm
pool and propagated eastward along the equator, it became stronger. The process is finally
developed into a weaker El Nifio event. This case indicates thal the intensity of sea tempera-
ture anomaly varies during its evolution, even totally changing sign on one occasion, while
usually propagating westward along the circuit of 10°N. If the intensity of the temperature
anomaly cannot be strengthened for some time, the warm water event will disappear.

3.3 The development of La Nifia events

In 1969, the cold water stayed in the warm pool subsurface after the wurm waler of 1968
propagated eastward, Similarly, the cold water moved eastward along the equatorial
thermocline and developed into a La Nifia event in 1971. Then, the negative sea temperature
anomaly near the surface of the equatorial castern Pacific propagated westward o the warm
pool subsurface around the northern (stronger signal) and southern (weaker signal} branch of
the circuits respectively. A strong negative anomaly formed in the warm poel in 1973 and
moved eastward (o the eastern Pacific along the equatorial thermocline to form the strong La
Nifia event of 1973 / 1974, Another case is the development of cold water after the strong El
Nifio event of 1998 came 10 an end. Notice that when the sea temperature anomaly was posi-
tive in the equatorial eastern Pacific, the negative anomaly occurring in the warm pool
subsurface started to move eastward along the equator to the equatorial eastern Pacific in late
1866, It then moved westward to the warm pool along the northern branch and moved
eastward to the eastern Pacific along the equator to form the strong cold event of 1998,

3.4 Alrernative occurrence

The positive and nepative anomaligs always appear at the same time at the equator and
at 10°N or 10°S before the El Nifio or La Nifia event begins. Maybe, the positive anomaly
moves westward to the north of the negative signal as the negative anomaly moves eastward
along the equator. Or, the negative anomaly moves westward to the north of the positive
anomaly as the positive anomaly moves eastward, In other words, before El Nifie occurs, the
negative signal moves near 10°N to the warm pool when the positive anomaly propagates
eastward along the thermocline. The situation for La Nifia is similar, but with the negative
anomaly instead of the positive one. Therefore, the La Nifia (El Nifie) event is growing when
El Nifio (La Nifia) develops. The El Nifio and La Nifia events form a ¢ycle that alternates be-
tween a warm phase and a cold phase, Of course, the period between two warm (cold) events
in succession may be different. For example, the interval between El Nifio events of
1976 / 1977 and 1982 / 1983 is greater than six years but only two years between the La Nifia
events of 1971 and 1973 / 1974, The average interval, however, is 3 to 4 years in the last 30
years.

Of course, there are some unique characteristics for each El Nifio or La Nifia event be-
vond the above basic ones. The El Nifio event of 1982 / 1983 is a rare case in which the warm
water did not originate from the warm pool but from the central Pacific, In fact, a portion of
the warm water came from the western Pacific, and the event’s position was to the north of
the equalor and the intensity was weaker, So, the developing process has not been shown in
the figure. This phenomenon also indicates external influences on El Nifio events,
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4. Summary and discussion

The above analysis shows that, corresponding to the warm event or cold event, the posi-
tive or negative anomaly propagates along the two closed circuits above the thermocline
curved surface in the iropical off—equator ocean, The signat propagates eastward along the
equator and westward along 10°N and 10°S respectively, Generally speaking, the warm event
appears alternating with cold event, The average interval between two warm (cold) events in
succession is about 3 to 4 years, The period is related to the propagating time along the cir-
cuits,

The following questions arise from the above analysis.

(1) Why does the signal propagate along the circuit above the thermocline curved
surface? Can we consider that the variation in the temperature anomaly mainly reflects the
depth variation of the thermocline in the process of internal ocean and atmospheric forcing?

(2) Why does the signal propagate westward along 10°N and 10°S respectively? Is this re-
lated to the distribution of equatorial current or to the pattern of atmospheric circulation in
the tropical region?

(3) Does the Kelvin wave or another process reflect the easiward propagation of temper-
ature anomaly along the equatorial thermocline?

(4) In many cases, it is difficult to explain with Rossby wave theory the westward propa-
gation of the lemperature anomaly along 10°N or 10°S, because the signal propagates west-
ward too fast sometimes. For example, the speed of the westward propagation between 5°N
and 15°N is faster than the warm signal speed of the eastward propagation along the equator
in the event of 1997 / 1998, Even if the speed of the current is considered, the speed cannot
reach that fast, So, it may be due to the sea temperature change responding to air—sea
interaction. Thus, this needs further investigation,

In a sense, the results shown in this paper may change the traditional understanding on
the evolutien of the El Nifio / La Nifia event. So we should reconsider some past theory and
develop new theoretical framework as well as conduct prediction simulations.
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