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It is well known that the western Pacific warm pool (WWP), having the highest SST of the global
oceans, plays an essential role in the global circulation and Asian monsoon. This work aims at disclosing
temporal structure of the western Pacific warm pool SST by wavelet transform technique and comparing
them with that in Nino 3. The data used is the GISST2.2 monthly dataset compiled by U.K. meteorolog-
ical office from January 1903 to December 1994, which is 1° x 1°. The Morlet complex wavelet function
was chosen for the wavelet analysis, The results show that the SST in WWP and Nino 3 have
multi—scale variations with prominent period appearing in the interannual time scale (IAV: 2 yr—8 yr)
which exceed 95% confidence testing, The peak is about 6 yr in WWP and 3 yr in Nino 3, There is a
gradually TAV shift from 4-8 yr to about 2—4 yr after the mid—1960s in WWP and an abrupt IAV shift
to even lower period in Nino 3 from mid—1960s to 1990s which might imply frequent occurrence of El
Nino (La Nina) events. Moreover, the wavelet transform reveals that the multi—decadal signals are more
important in modulating the variability of SST in WWP than in Nino 3 though they were not examined

by 95% confidence testing, which might suggest further investigation be needed by using some longer
data records.

Key words: SST: EI Nino; warm pool.
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1. INTRODUCTION

It was known that the tropical Western Pacific has the highest SST in the whole global
oceans, where might exist stronger air—sea interactions. Many studies showed that the warm
pool is a critical component of the earth’s climate (Fasullo and Webster, 1998), the thermal
states in the warm pool and the convective activities there may play an important role in the
interannual variability of the East Asian summer monsoon (Nitta, 1987; Huang and Li, 1987:

* This paper was supported by National Key Programme for Deweloping Basic Sciences
(G1998040900— Part 1) and Key Research Programme of Chinese Academy of Sciences
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Huang and Lu, 1989; Kurihara, 1989: Ren and Huang, 1999). Therefore, a better under-
standing of the characteristics of the western warm pool is of great significance to the study of
the global circulation, especially to the realization and prediction of the East Asian summer
monsoon variability, The spatial distributions of the warm pool have been extensively docu-
mented and delineated by the 28°C isotherm. But the temporal structure of the warm pool is,
up to date, poorly concerned, which therefore motivated the author attempting to do someth-
ing upon this topic.

The goal of this paper will be concentrated on the delineation of the temporal features in
the western warm pool SST and comparison with the variations of Nino 3 SST by means of
wavelet transform. The wavelet analysis is an effective tool in analyzing localized variations of
power to a time series, which has been widely used in geophysics, such as ENSO signals (Gu
and Philander, 1995; Wang and Wang, 1996), the global SST signals (Lau and Weng, 1998),
the dispersion of ocean waves (Meyers et al., 1993), the tropical convection (Weng and Lau,
1994), the turbulent flows (Farge, 1992), the multiple time scale of North China water re-
sources (Yang and Song, 1999). But the above mentioned studies have concluded their analy-
sis with wavelet merely in a qualitative way, lack of quantitative results, More recently,
Torrence and Compo discussed the wavelet transform in detail and provided an easy—to—use
wavelet analysis toolkit with statistical significance testing, thus putting the wavelet analysis
m a relatively quantitative way (Torrence and Compo, 1998). We will utilize this method to
detect the multi—scale feature of the western warm pool SST and compare them with the Nino
3 SST. The organization of this paper is as follows: Section 2 is the description of data and
method; followed by the results analysis and discussion in Section 3, and the conclusion will
be given in Section 4.

2. DATA AND METHODOLOGY

The dataset used in the paper is the UK. Meteorological Office GISST2.2 monthly SST
data which ranges from January 1903 to December 1994 with a spatial resolution 1° % 1° (lati-
tude by longitude) and covers the entire global ocean. We have made monthly SST data to
seasonal ones firstly and then constructed 1903—1994 seasonal SSTA by subtracting each sea-
son’s climatological mean. Two time series were then defined as the area SSTA mean
(130—160°E; 5°S—5°N) for the western warm pool (hereafter as WWP) and the area SSTA
mean (150-90°W; 5°S—5°N) for Nino 3, respectively, The linear trend had been removed from
these two time series before they were analyzed by using wavelet transform.

The wavelet transform is a powerful tool in decomposing multiple timescale variabilities
within a time series that it unfolds the entire spectrum of variability in one single analysis,
displacing both phase and amplitude information simultaneously. There are many wavelet
bases including orthogonal and nonorthogonal, real and complex. A complex Morlet wavelet
base was preferred in this paper, which has the form of a plane wave modulated by a
Gaussian . The reasons why we chose Morlet wavelet transform are based on: (1) It is com-
monly used in the realization of geophysical signals; (2) It is nonorthogonal that enables one
to make so—called continuous wavelet transform (Farge, 1992); (3) It can return information
about both amplitude and phase and is suitable to capture oscillatory behavior; (4) It holds
good locality both in frequency and in time domains. To quantify the results, the Morlet
wavelet power spectrum significance testing was applied in the paper by use of the method
proposed by Torrence and Compo (1998). For more details, the readers may refer to Torrence
and Compo (1998), Weng and Lau (1 994), Lau and Weng (1998) and many others,
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3. RESULTS ANALYSIS

3.1 Wavelet Power Spectrum

The wavelei power spectrum is shown in Figure 1. From Figure 1, one could see clearly
the multiple timescale variability of WWP and Nino 3, ranging from interannual to decadal
and multi-decadal, In the WWP, Morlet wavelet transform depicts a prominent 2-8 year
interannual va'ri:'aliiiity (IAV) with pronounced signal centered around 6 year. This IAV shows
much nonstationary variability which was strongest from the mid—1930s to around the 1970s
and was relatively strong before 1910s while it had lower variance between the late 1910s and
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FIGURE 1. Morlet wavelet power spectrum for (a) WWP and (b) Nino 3, Shaded
area denotes Values greater than 2 and intervals is 5, the thick—solid line is the 95%
confidence line,
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the mid—1930s. Also seen was a slight shift from 5-8 yr oscillation to 3—6 yr oscillation be-
tween the 1920s and the 1930s which might be viewed more clearly from its wavelet transform
coefficients drawn in Figure 2a. Furthermore, both wavelet power spectrum (Fig.1a) and
wavelet transform coefficients (Fig.2a) disclosed an IAV shift from about 5-8 yr oscillatory
to lower period around 2—6 yr after 1965. Besides there existed decadal, bi—decadal to
quadri—decadal variability in WWP as seen from Fig.1a and Fig.2a, But the 10—20 yr vari-
ance showed very weak indicative of dearth of 10—20 yr interdecadal oscillations, Another no-
table feature was that the decadal (10 yr) signal seems merged with IAV signal and could not
be separated from IAV variability.

For Nino 3 SSTA, the Morlet wavelet transform also decomposed interannual, decadal
to multidecadal signals as shown in Fig.1b and Fig.2b. The interannual (IAV) signal experi-
enced large temporal variations, which was mainly concentrated in a 4—6 yr band roughly
from the 1920s to the mid—1960s while there was a similar but rather abrupt shift from 4-6 yr
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FIGURE 2. Morlet wavelet transform coefficients for (a) WWP and (b) Nino 3,
heavy shaded area denotes positive coefficients and light shaded area for negative
coefficients.
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to 2—4 yr band compared with the IAV in WWP. As with longer period oscillations, the Nino
3 seems less robust in decadal to multidecadal signals with merely a quasi—decadal (10 yr) and
a 20-30 yr interdecadal variances could be detected but weaker than IAV variance.
Moreover, these two signals showed, to some extent, an out—of—phase temporal variation dur-
ing the 1940s to the 1970s judged from Fig.1b and Fig.2b. To quantify the results, the wavelet
power spectrum significance testing was applied. The method and procedure was adopted
from Torrence (Torrence and Compo, 1998). The rough solid line in Fig.1 represents the 95%
confidence level, which means the power enclosed by this line was detected significantly at 5%
level. Based on this criterion, one could see from Fig.1 that in WWP, from the 1940s to the
early 1970s, an IAV signal with 5-8 yr oscillations was strong and therefore could be a true
feature, Meanwhile a 2-3 yr IAV signal around the 1910s and a quasi—2 yr signal in the
mid—1920s were also noted and tested. It is interesting to find that a 3—4 yr oscillation in the
early 1970s and a quasi—2 yr signal from the 1980s to the 1990s were examined against 95%
confidence level, which implied that from the mid—1960s, an TAV shift from longer period to
shorter period was a true feature significantly at 5% level. In Nino 3, similarly only IAV sig-
nals could be viewed as a true character at 5% significance level. The significant IAV signals
also varied over time domain, Worthy of importance to note was the 95% confidence line (sol-
id line in Fig.1b) enclosed 2—5 yr power from the mid—1960s to the 1990s indicating the signifi-
cant variability during this period of time, In other word, an abrupt shift of IAV in the
mid—1960s was detected to be a true climate signal not a background noise.

From above analyses, it is argued that the IAV (2—8 yr) variability was a true and main
feature in both WWP and Nino 3 that could be disclosed ¢ 95% confidence level. However no
significant decadal to multi—decadal variability can be detected from the point of significance
testing. On the other hand, as Figure 1 showed, the DIV (8—64 yr) power in WWP seems
more pronounced than that in Nino 3, which might give s hint that besides IAV the DIV varia-
bility maybe more important in WWP than in Nino 3, in modulating the SST variability. This
will be examined later,

3.2 Global Wavelet Power Spectrum

The wavelet transform translates a one—dimensional time series into a two—dimensional
time—frequency domain. Thus one could average wavelet power either over time or over fre-
quency to construct a time—averaged wavelet power spectrum or scale—averaged wavelet pow-
er spectrum, respectively. When applying time averaging over all time domains, one gives a
so—called global wavelet spectrum which could provide a useful measure of the background
spectrum against which peaks in the local wavelet spectrum could be tested.

The global wavelet power spectrum is shown in Fig.3 for WWP (upper panel) and for
Nino 3 (lower panel). The solid line in the figure indicates the global wavelet spectrum and the
dashed line is the 95% confidence level for the global wavelet spectrum, while the shaded area
means the wavelet power exceeding 95% confidence level. Figure 3 clearly displays that a 5—7
yr signal peaked at 6 yr in WWP is found above 95% confidence level, implying a true feature
in WWP SST, and a 2—5 yr period oscillation with a peak at 3 yr is seen to be tested by 95%
confidence testing in Nino 3. Besides, the global wavelet spectrum in WWP (upper in Fig.3)
depicts other two peaks comparable to 6 yr peak in around 9 yr and 40 yr, which could be
respectively named as decadal (10 yr) and quadridecadal (40 yr) signals though they were not
passed 95% confidence testing, However in Nino 3, two signals 10—15 yr and 20-30 yr ap-
peared but weakened and failed to be tested ¢ 95% confidence level,

The global wavelet power spectrum reveals that the detected signals at 95% confidence
level concentrated within IAV band either in WWP or in Nino 3, Next we will explore IAV sig-
nal variability over time by scale averaging over 2—8 yr.
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FIGURE 3. Global wavelet power spectrum by using Morlet for WWP (upper panel)
and Nino 3 (lower panel). Dashed line indicates 95% confidence level, solid line is the
power spectrum. Shaded means that the period passed 95% confidence test.

3.3 IAV Temporal Variations

By scale—averaging wavelet power spectrum over 2—8 yr, we plotted the IAV power spec-
trum in Fig.4. The solid line denotes IAV power spectrum over time and the dashed repre-
sents the 95% confidence level for scale—averaged wavelet spectrum, while the shaded area
implies the power exceeding the 95% confidence level. It could be easy to see that the AV in
WWP (upper panel) fluctuates over time and is found to be significant during the mid—1960s.
Moreover this IAV variability seems modulated by multidecadal variability as disclosed from
the figure, The lower panel in Fig.4 shows a striking feature that from the mid—1960s to the
1990s the IAV signal in Nino 3 was very pronounced to exceed the 95% confidence level.
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Nevertheless the IAV in Nino 3 seems less modulated by multidecadal variabilities, which is
slightly different from Torrence and Compo (1998) in that they also detected a IAV signal be-
tween the late 1910s to the 1920s significant at 95% confidence level but we could not reveal
such feature in Figure 4 (lower panel). This difference might be due to the different dataset
used for they used a longer SST dataset from 1871 to 1997.

As many studies argued that the wavelet transform is essentially a bandpass filter of uni-
form shape and varying location and width, Therefore one could construct a wavelet—filtered
time series at ease. For details, interested readers may refer to Torrence and Compo (1998),
To investigate the relationship between SSTA and its IAV (2-8 yr) component and DIV
(8—64 yr) component, we have reconstructed IAV and DIV SSTA time series as shown in
Fig.5 and Fig.6, respectively. The simultaneous coefficients between SSTA and TIAV SSTA
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FIGURE 4. IAV (2-8 year) scale—averaged power spectrum for WWP (upper panel)
and Nino 3 (lower panel), the dashed line indicates 95% confidence level and the
shaded area means the variance exceeding 95% confidence test.
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FIGURE 5. Seasonal SSTA (upper), its reconstructed 2-8 yr (IAV) component

(middle) and 8—64 yr (DIV) component in WWP. The simultaneous coefficient be-
tween SSTA and TAV is 0.75, and 0.58 with DIV.

are 0.75 and 0.85 in WWP and in Nino 3, respectively, while the simultaneous coefficients be-
tween SSTA and DIV SSTA are 0,58 and 0.38 in WWP and in Nino 3, respectively, These re-
sults coincide with our former discussion that the IAV dominates the variability of SSTA in
both WWP and Nino 3, whereas the DIV signal is more important in WWP than in Nino 3 in
modulating the variability of SSTA.

4, SUMMARY AND CONCLUSION

Wavelet transform reveals that there exist interannual (IAV) and Interdecadal (DIV) va-
riability in WWP and Nino 3 with dominant SSTA variability concentrated in IAV band. In
WWP, the IAV is within 4—8 yr centered at about 6 yr with large fluctuations over time, Be-
tween the 1940s and the 1970s, the IAV in WWP was significantly strong, while it showed
weakened variance in between the 1920s and the 1940s. Moreover, there is a gradually IAV
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FIGURE 6, Seasonal SSTA (upper), 2—8 yr (IAV) component (middle) and 8-64 yr
(DIV) component (bottom) in Nino 3.The simultaneous coefficient between SSTA
and TAV is 0.85 and 0,38 with DIV.

shift from 4—8 yr to about 2—4 yr after the mid—1960s. Similarly in Nino 3, the variability of
SSTA was found largely in IAV but with a lower 2—6 yr timescale. An abrupt IAV shift to
even lower period was also detected in the mid—1960s, which might imply frequent occurrence
of El Nino (La Nina) events. As for interdecadal signals, differences exist between WWP and
Nino 3 that a decadal, tridecadal and quadrdecadal signals was found in WWP though they
did not pass 95% confidence testing. In Nino 3, the decadal and bidecadal to tridecal signals
are relatively weaker compared to WWP, No quadridecadal signal was found in Nino 3 as
that in WWP, This will be worthy of investigating further.

IAV power spectrum shows that in Nino 3, from about the mid—1960s to the 1990s, the
power was pronounced very large at 95% confidence level indicating the intensification of
ENSO-like signals. Before the mid—1960s, the IAV power was very low. In WWP, only in the
mid—1960s that the IAV showed variability significantly at 95% confidence level. The IAV in
WWP was modulated by interdecadal variability ranging from 10 yr to even 40 yr. Neverthe-
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less in the Nino 3, the IAV seems less influenced by interdecadal variability. The reconstruct-
ed IAV=SSTA and DIV-SSTA show that in Nino 3, the variability of SSTA seems largely
dependant on IAV variability, while in WWP the SSTA might be influenced not only by IAV
but also, to some extent, by DIV variances,

The decadal to multidecadal signals did not pass the 95% confidence testing though they
seem more crucial in modulating the variability of SSTA in WWP than in Nino 3. This might
be partially due to the limitation of data records used in the paper. Therefore, further study
should be conducted by employing new dataset with longer data records.
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