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Relationship between East Asian winter monsoon, warm
pool situation and ENSO cycle

LI Chongyin & MU Mingquan

LASG. Institute of Atmospheric Physics. Chinese Academy of Sciences. Beijing 10029, China

Abstract Based on the observational data analyses and numerical simulations with the air-sea
coupled model (CGCM), a new perspective on the occurrence mechanism of ENSO is advanced in
this paper. The continuous strong (weak) East Asian winter monsoon will lead to continuous
westerly (easterly) wind anomalies over the equatorial western Pacific region. The anomalous
equatorial westerly (easterly) winds can cause eastward propagation of the subsurface ocean
temperature anomalies (SOTA) in the warm pool region, the positive (negative) SOTA have been in
the warm pool region for quite a long time. The eastward propagating of positive (negative) SOTA
along the thermocline will lead to positive (negative) SSTA in the equatorial eastern Pacific and the
occurrence of El Nifio (La Nifia) event. After the occurrence of ENSO, the winter monsoon in East
Asia will be weak (strong) due to the influence of El Nifio (La Nifa).

Keywords: East Asian winter menseon, warm pool in the western Pacific, subsurface ocean temperature (SOT), ENSO
cycle.

ENSO has been paid much attention in the world because it can always cause serious climate
anomalies and disasters in vast areas. Previous studies have attributed ENSO to the interaction between
the atmosphere and ocean in the tropical Pacific region'"?!. In relation to the mechanism of El Niiio
(ENSO), even though the oceanic relaxation theory'”, the unstable oceanic waves theory"H" and the
delayed action oscillation theory” °' have been advanced, the origin of ENSO has not been understood
very well.

Moreover, putting stress on atmospheric anomaly in the air-sea interaction, our research indicated
that the abnormal strong winter monsoon in East Asia plays an important role in exciting the El Nifio
event'"™""!. The data analyses and numerical simulations in a CGCM have shown that strong (weak)
winter monsoon in East Asia can excite El Nifio (La Nifia) through the produced westerly (easterly)
wind anomalies and strong (weak) convection in the equatorial western Pacific region, as important
physical processes Lo excite ENSQO, the former will lead to warm (cold) oceanic Kelvin waves and the
latter will lead to strong (weak) intraseasonal oscillation''*"?!,

In this paper, we will indicate that there are clear interactions between East Asian Winter
Monsoon (EWM), Warm Pool Situation (WPS) and ENSO, the EWM-WPS-ENSO seems to be a large
climate system. According to this system and its evolution, the ENSO mechanism will be understood
better.

The NCEP/NCAR reanalysis data, the Joint Environmental Data Analysis Center JEDAC) data
and the COADS data were mainly used in this study.

1 Interaction between abnormal East Asian winter monsoon and ENSQ

The relationship of ENSO with the anomalies of East Asian winter monsoon has been indicated in
a series of studies and their interactions are also evident''™'"'\. In this paper, we just give some
composite results for the El Nifio and La Nifia events in order to show the interactions between ENSO
and abnormal East Asian winter monsoon.

As we know, the activity of East Asian winter monsoon can be represented by using some
meteorological elements in the East Asia region, such as the sea level pressure, surface air temperature,
surface wind and geopotential height at 500 hPa. For continuous strong East Asian winter monsoon,
there are usually strong surface cold high system in the Siberia-Mongolia region, deepening trough at
500 hPa in East Asia, strong northerly wind and low surface air temperature in eastern China and the
northwestern Pacific region. Conversely, the above systems will be in opposite situations for continuous
weak East Asian winter monsoon. Fig. | shows the interaction between abnormal East Asian winter
monsoon and El Nifio. Fig. 1(a). (d) can represent the activity of winter monsoon in East Asia, fig. 1(e),
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(f) represent the zonal wind anomaly over the equatorial western Pacific and the El Nifio event (SSTA
in Nifno 3). It is very cvident that the El Nifio (composited) event outbreaks in spring, the westerly wind
anomalies over the equatorial western Pacific are about 2—3 months earlier than El Nifio outbreak, and
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Fig. 1. The relationship between abnormal East Asian winter monsoon and El Nifio.
Geopotential high anomalies at 500 hPa (gm) in (30"~—40°N, 100"—130°E) region (a), sea level
pressure anomalies (hPa) in (35°—50°N. 80"—110"E) region (b), surface air temperature
anomalies (°C) in (30"—40°N, 120"—[30°E) region (c), meridional wind anomalies (m/s) in (25"
—35"N, 120"—130"E) region (d). zonal wind anomalies (m/s) over the equatorial western Pacific
(e) und the SSTA in Nifio 3 region (1) for composite El Nifio case.
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there was strong winter monsoon in East Asia during the wintertime prior to the El Nifio outbreak. This
means that strong winter monsoon plays an important role in exciting the El Nifio event through
producing westerly wind anomalies over the equatorial western Pacific. It is also clear that there is
weak winter monsoon in East Asia during the wintertime after the El Nifio outbreak. This suggested
that the El Niiio event should reduce the winter monsoon in East Asia.

The relationship between abnormal East Asian winter monsoon and La Nifia is similar to that in
fig. 1 (figure omitted). It is also evident that the La Nifia event outbreaks in spring, the easterly wind
anomalies over the equatorial western Pacific are about 2—3 months earlier than La Nifia outbreak, and
there was weak winter monsoon in East Asia during the wintertime prior to the La Nifia outbreak. This
means that weak winter monsoon plays an important role in exciting the La Niiia event through
producing easterly wind anomalies over the equatorial western Pacific. Moreover, during the wintertime
after the La Nifia outbreak, there is strong winter monsoon in East Asia. This can suggest that the La
Nifia event should enhance winter monsoon in East Asia.

In order to show the exciting effect of abnormal East Asian winter monsoon on occurrence of
ENSO, some numerical simulations are completed with a CGCM, which was developed in the Institute
of Atmospheric Physics, CAS. The atmospheric component is two-level GCM formulated in the
o-coordinate with the resolution of 4° in latitude and 5° in longitude!"®'. The oceanic component is a
free surface tropical Pacific Ocean general circulation model with resolution of 1° in latitude and 2° in
longitude and 14 unequal layers in the vertical with flat-bottom (4 000 m), of which the domain is
121°E—69°W and 30°S—30°N!"%!, In order to control the “climate drift” in the coupled system, the
linear statistical correlation is used in the model integration''”".

The numerical simulations in the CGCM showed some similar results to those in the data analyses,
abnormal strong (weak) East Asian winter monsoon in the wintertime will lead to positive (negative)
SSTA in the equatorial eastern Pacific as El Nifio (La Nifia) like pattern. Since the space is limited, the
simulated SSTA in Nifio 142 and in Nifio 3 caused by abnormal strong East Asian winter monsoon,
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Fig. 2. Temporal variations of the simulated SSTA in Nifio 1+2 (a) and Nifio 3 (b) regions caused by the
anomalous strong winter monsoon in East Asia. Three lines represent the results for different initial fields.
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which is represented by using positive anomalies of the surface pressure (maximum +14 hPa) and
negative anomalies of surface air temperature (maximum — 4°C) in the Siberia-Mongolia region in the
period of November—April, are just given in this paper. It is clearly shown in fig. 2 that abnormal
strong East Asia winter monsoon can excite positive SSTA in the equatorial eastern Pacific like El Niiio,
through air-sea coupled interaction. Moreover, similar to the observation results, it can be shown that
the westerly wind anomalies and enhanced intraseasonal oscillation over the equatorial central-western
Pacific caused by strong East Asian winter monsoon play an important role in occurrence of El Nifio
(figure omitted). In the above simulations, the anomalies of East Asian winter monsoon were just in the
period of November—April, which were shorter than those observated. If the anomalies continued into
summer as shown in fig. 1, the simulated result will be much similar to the observation, which showed
the maximum of SSTA in November.

2 Occurrence of ENSO and subsurface ocean temperature anomaly in the warm pool region

The strongest El Nifio event in this century outbroke in summer of 1997. But the observation
showed that there were obviously positive anomalies of subsurface ocean temperature (SOT) in the
warm pool region before the occurrence of El Nifio, the anomaly of SOT began in the autumn of 1996.
The eastward propagation of positive anomalies of SOT from the equatorial western Pacific to the
equatorial eastern Pacific and expanding to the sea surface can be regarded as the origin of the El Nifio
event. When the El Nifio event was onset, there were negative anomalies of SOT in the warm pool, then,
the negative anomalies of SOT propagated eastwards from the warm pool region to the equatorial
eastern Pacific along the thermocline and excited the La Nifia in 1998.

In relation to the evolution of SOT anomalies in the equatorial Pacific in the 1997—1998 ENSO
period, most of us have found it in Climate Diagnostics Bulletin published in USA, it is not necessary
to show that again. But it can be suggested that the 1997—1998 ENSO is closely related to the
anomalies of SOT in the warm pool region and the eastward propagation of the anomalous SOT.

In fact, the important role of the subsurface ocean temperature anomalies in the warm pool region
in the occurrence of ENSO was not only shown in the 1997-—1998 ENSO, but also in most of the
historical events. As we know, the SSTA in Niifio 3 can represent the ENSO process very well, and the
anomaly of SOT during 100—200 m layer in (10°S—10°N, 140°E—180°) region can represent thermal
regime of subsurface in the warm pool. In order to investigate the relationship between ENSO and
anomaly of SOT in the warm pool region, the temporal variations of the SSTA in Nifio 3 and the SOTA
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Fig. 3. Temporal variations of the SSTA ('C) in Nifio 3 region (solid line) and the SOTA ('C) in the warm pool region

(dashed line).
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in warm pool are given in fig. 3, in which the SOTA and SSTA are computed by using the Joint
Environmental Data Analysis Center (JEDAC) data and the COADS data, respectively. It is very clear
that the positive anomalies of the SOT always exist in the warm pool region prior to the occurrence of
El Nifio event, but after the onset of El Nifio, the SOTA in the warm pool region are out-of-phase to the
SSTA in Nifio 3. Moreover. it is also shown that the subsurface warming in the warm pool region leads
to the onset of El Nifio event for half to two years.

By analyzing each El Nifio event, it can be shown that the eastward propagation of positive
anomalies of the SOT is directly related to the occurrence of El Nifio event, when positive anomalies of
the SOT propagated into the equatorial eastern Pacific (from the warm pool region), the positive
anomalies of SST will occur since the thermocline is gradually raised in the equatorial eastern Pacific.
In other words, the positive SOTA in the warm pool region and its eastward propagation into the
equatorial eastern Pacific can be regarded as an important origin of the El Niiio occurrence. In fig. 4,
the time-longitude sections ol SOTA in the equatorial Pacific are given for composited El Nifio cases
and La Niiia cases, respectively. The data of SOTA are respectively adopted in different depths, such as
160—120 m in the equatorial westem Pacific, 120—60 m in the equatorial centre Pacific and 60—40 m
in the equatorial eastern Pacific, because the thermocline is deeper and thicker in the equatorial western
Pacific than that in the equatorial eastern Pacific. It is also evident that there were obviously positive
(negative) anomalies of SOT in the warm pool region for quite a long time prior to the E! Niiio (La
Nifia) event, when the positive (negative) SOTA propagated eastwards into the equatorial eastem
Pacific (east of 160°—150°W) along the thermocline, the El Nifio (La Nifia) will outbreak.
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Fig. 4. Time-longitude sections of SOTA (°C) in the equatorial Pacific along the maximum variation layer (thermocline) of
ocean lemperature for composite El Nifio case (a) and La Nifia case (b).

In order to expose further the important role of SOTA in the warm pool region in exciting ENSO,
the numerical simulation data in the CGCM (which has been introduced in the first section) are
analyzed for the 61st—100th years integrations. During the 40 years (the 61st—100th), 13 simulated
warm (El Nifio) events and 12 simulated cold (La Niiia) events are clearly shown, even though the
intensity of SSTA is weaker than the observation. The temporal variations of the simulated SSTA in
Nifio 3 region and the SOTA in the warm pool region (6°S—6°N, 140°E—180°) are shown in fig. 5. It
can be seen that there are obviously positive anomalies of SOT in the warm pool region prior to most of
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Fig. 5. Temporal variations of the simulated SSTA in Niio 3 region (solid line) and SOTA in the warm pool (6°S—6"S),

140"E—180") region (dashed line).

the warm events and the SOTA in the warm pool region become negative after the appearance of warm
events. On the contrary, the cold events are always corresponding to negative SOTA in the warm pool
region in the earlier stage.

The above-mentioned discussions have shown that the data analyses and numerical simulations in
the CGCM indicated the same results: the occurrence of ENSO is closely related to the anomaly of
SOT in the warm pool region. there are positive (negative) SOTA in the warm pool region prior to the
El Niflo (La Nifia) event: the onset of ENSO is directly related with the eastward propagation of SOTA
in the warm pool region, the eastward propagating of positive (negative) SOTA into the equatorial
eastern Pacific and expanding to the sea surface will lead to the anomalies of SST in the equatorial
eastern Pacific and the onset of El Nifio (La Nifia) event. After the occurrence of ENSO, the SSTA in
Nifio 3 and the SOTA in the warm pool region are in the opposite phase.

3 Important role of the westerly wind anomaly over the equatorial western Pacific

The above discussion clearly shows that the occurrence of ENSO is directly related to eastward
propagation of the SOTA in the warm pool region. What is the factor to cause the eastward propagation
of the SOTA? In fig. 6, the temporal variations of the composite SOTA in the warm pool region,
westerly wind anomalies over the equatorial western Pacific (10°S—10°N, 120°—160°E), SOTA in the
equatorial eastern Pacific (5°S—5°N, 170"—130"W) region and SSTA in Nifio 3 region (5°S—5°N,
150°—90"W) are respectively shown for El Niflo cases. Fig. 7(d) clearly shows the evolution of SSTA
in Nifio 3 region for the El Niiio event; before the occurrence of positive SSTA in Nifio 3, positive
SOTA have propagated into the equatorial eastern Pacific as shown in fig. 6(c); but the westerly wind
anomalies over the equatorial western Pacific occurred earlier (fig. 6(b)) and it can be regarded as a
mechanism to cause eastward propagation of SOTA in the warm pool region; fig. 6(a) shows that before
the occurrence of El Nifio event (about 1 year), there were obviously positive SOTA in the warm pool
region.
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Fig. 6. The relationships between the SOTA in the warm pool
region (a), zonal wind anomalies over the equatorial western
Pacific (b), the SOTA in (5'S—5"N, 170" —130"W) region (c),
which can represent the eastward propagation of SOTA from the
warm pool region, and the SSTA in Nifio 3 region (d) for the
composite El Nifio case.

Fig. 7. Same as in fig. 6, but for composite La Niiia case.

The similar evolution for La Nifia cases is shown in fig. 7, negative SSTA in Nifio 3 corresponds
to early negative SOTA and the easterly wind anomalies over the equatorial western Pacific. In other
words, the easterly wind anomalies over the equatorial western Pacific will lead to the eastward
propagation of negative SOTA in the warm pool region, when negative SOTA propagated into the
equatorial eastern Pacific, negative SSTA will appear in the equatorial eastern Pacific and La Nifia will
occur.

Based on figs. 6 and 7, it can be suggested that the westerly wind anomalies over the equatorial
western Pacific play an important role in the eastward propagation of SOTA in the warm pool region
and the occurrence of ENSO. The oceanic Kelvin wave may be a fundamental mechanism causing the
eastward propagation of the SOTA in the warm pool region, because some studies have indicated that
the westerly (easterly) wind anomalies over the equatorial western Pacific can excite anomalous
oceanic warm (cold) Kelvin wave!'®'?!,

Figs. | and 2 clearly show that continued westerly (easterly) wind anomalies over the equatorial
western Pacific are closely related to the strong (weak) winter monsoon in East Asia. Therefore, we can
still say that the anomaly of zonal wind over the equatorial western Pacific, which is mainly caused by
anomalous winter monsoon in East Asia, is an important mechanism to drive the eastward propagation
of SOTA in the warm pool region and excite the ENSO.
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4 Conclusion

Through the data analyses and numerical simulations with a CGCM, the new perspective
associated to the occurrence of ENSO is advanced in this paper. It can be represented as follows:

The continued strong (weak) winter monsoon in East Asia will lead to continued westerly
(easterly) wind anomalies over the equatorial western Pacific; then anomalous westerly (easterly) wind
causes the eastward propagation of positive (negative) anomalies of SOT in the warm pool region,
which have been there for quite a long time; the eastward propagating positive (negative) SOTA along
the thermocline will lead to positive (negative) SSTA in the equatorial eastern Pacific and the
occurrence of El Nifio (La Nifia) event. After the occurrence of ENSO, the winter monsoon in East Asia
will be weaker (stronger) due to the influence of the El Nifio (La Nifia) event, as shown in previous
studies.

Therefore, ENSO cycle is closely related to the SOTA in the warm pool region and the anomaly of
winter monsoon in East Asia. There is a cycle evolution which showed the interactions between the
East Asian winter monsoon, SOTA in the warm pool region and ENSO. Of course, two questions need
to be investigated further: what is the mechanism to cause the anomaly of SOT in the warm pool region?
How about the physical process, through which anomalous zonal wind over the equatorial western
Pacific can lead to the eastward propagation of the anomalous SOT in the warm pool region?
Acknowledgements We would like to thank Wang Xuan for her typing this paper. This work was supported by the National

Key Basic Science Program in China (Grant No. 1998040903) and the National Natural Science Foundation of China (Grant Nos.
49823002 and 49635180).

References

Bjerknes, J., Atmospheric teleconnections from the equatorial Pacific, Mon. Wea. Rev., 1969, 97: 163.

1.

2. Rasmusson, E. M., Wallace, J. M., Meteorological aspects of El Nifio/Southern Oscillation, Science, 1983, 222: 1195.

3. Wyrtki, K., El Nifio the dynamic response of the equatorial Pacific ocean to atmospheric forcing, J. Phys. Oceanogr.,
1975, 5: 572.

4. Philander, S. G., Yamagata, T., Pacanowski, R. C., Unstable air-sea interactions in the tropics, J. Atmos, Sci., 1984, 41:
604.

5. Cane, M. A,, Zebiak, S. E., A theory for El Niiio and Southern Oscillation, Science, 1985, 228: 1085.
6. Hirst, A.C., Unslable and damped equatorial modes in simple coupled ocean-atmosphere model, J. Atmos. Sci., 1986, 43:
606.
7. Suarez, M. J., Schopt, P., A delayed action oscillator for ENSQ, J. Atmos, Sci., 1988, 45: 3283.
8. Battisit, D. S., The dynamics and thermodynamics of a warm event in a coupled ocean-atmosphere model, J. Atmos. Sci.,
1988, 45: 2889.
9. Neelin. J. D., The slow sea surface temperature mode and the fast-wave limit: Analytic theory for tropical interannual
oscillations and experiments in a hybrid coupled model, J. Atmos. Sci., 1991, 48: 584
10.  Li. C., The frequent activities of stronger aerotroughs in East Asia in wintertime and the occurrence of the El Niiio event,
Scientia Sinica, Ser. B, 1989, 32: 976
I1. Li. C., Interaction between anomalous winter monsoon in East Asia and El Nifio events, Advances in Atmospheric
Sciences, 1990, 7: 36
12. Lij, C., Mu, M., ENSO cycle and anomalies of winter monsoon in East Asia, in East Asia and Western Pacific Meteorology
and Climate, Singapore World Scientific, 1998, 60—73.
13, Li, C., Mu, M., Numerical simulations on anomalous winter monsoon in East Asia exciting ENSO, Chinese J. Aitmos. Sci.,
1998, 22: 481.
14. Li, C., ENSO cycle and anomalies ot winter monsoon in East Asia, Workshop on El Nifio, Southern Oscillation and
Monsoon, ICTP, SMR/930)-18, Trieste, 15—26 July 1996.
15.  Zeng, Q. Zhang, X., Liang, X. et al., Documentation of IAP Two-Level AGCM, TR044, DOE/ER/60314-H|, U.S. DOE,
1989, 383.
16.  Zhang, R., Endoh, M., A frce surface general circulation model for the tropical Pacific Ocean, I. Geophys. Res., 1992,
97(cT): 11237
17.  Zhou, G., Li, C., Simulation of the relation beiween the subsurface temperature anomaly in western Pacific and ENSO by
using CGCM, Climatic and Environmental Research, 1999, 4: 346.
18.  Yamagata, T., On the recent development of simple coupled ocean-atmosphere models of ENSO, J. Oceanogr. Soc. Japan,
1986, 42: 299.
19.  Huang, R. H, Fu, Y. K, Zhan, X. Y., Asian monsoon and ENSO cycle interaction, Climate and Environmental Research,
1996, 1: 38.

(Received January 20, 2000)

Chinese Science Bulletin Vol. 45 No. 16 August 2000 1455



	00161448.TIF
	00161449.TIF
	00161450.TIF
	00161451.TIF
	00161452.TIF
	00161453.TIF
	00161454.TIF
	00161455.TIF

