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1. Introduction both SSH and SST at frequencies and wavenumbers
consistent with those of tropical instability waves

Equatorially-trapped waves account for a large po{TlWS). Further statistical analyses are conducted to

tion of the intraseasonal variability m_the tropica, olate the structure of TIWs.
atmosphere and ocean, and play an important role
in driving a variety of longer time scale phenomena

(e.g., ENSO). Kelvin, Rossby and Mixed Rossb)Z- Data
Gravity waves corresponding to the eigenmodes pfyr primary data sets are used in this study. 10-
the linearized shallow water equations of Matsur}pay average SSH data derived from TOPEX altime-
(1966) have been shown to be of particular impofry, are used to identify signals of equatorial waves
tance in the equatorial Pacific ocean. While oceanigq T\ws. Data for the 10-year period of 1993-2002
equatorial waves have been identified in in-situ dafg, horizontal resolution of 1are analyzed. Weekly
(e.g. Johnson and McPhaden 1993) and in satg§kTs from the analysis of Reynolds et al. (2002) are
lite altimeter data (e.g., Miller et al. 1988, Delygeq to provide a statistical description of SST vari-
croix et a. 1991, Boulanger and Fu 1996, Chelyjjity associated with TIWs and to examine the in-
ton et al. 2003) their observed dispersion relatioRs s nnual variation of TIW activity. Data for the pe-
ships have not yet been fully described in frequencysq 1982-2005 with 1 horizontal resolution are an-
wavenumber space. A recent study by Wakata (2000@,2%_ The TRMM Microwave Imager (TMI) SST
demonstrated that the dispersion relations of equajgr 5 period 1998-2005 are also analyzed to describe
rial Rossby and Kelvin waves could be inferred frofe structure of TIWs. The 3-day average TMI SST
satellite data by frequency-wavenumber spectra @45 are originally gridded at 0.260.25. We av-
sea surface height (SSH). However, because his a'@!ﬁge the data onto & X 1° grid for comparison
ysis includes the background spectrum, it is difficulfii the Reynolds SST. 1resolution is considered
to compare the spectral signal with theoretical disp&lgficient since the typical wavelength of TIWs is
sion curves especially in the high wavenumber do;1500 km. Near surface velocity data derived from
main. In this study, frequency-wavenumber spectigle Ocean Surface Current Analysis-Real time (OS-
a_nalysis \{vill be applied_ to identify observed d_ispetAR) project (Lagerloef et al. 1999, Bonjean and
sion relations of oceanic equatorial waves using Spgqa|oef, 2002) are used to statistically describe the
surface height data measured by satellite altimetry gy cture of surface current anomalies associated with
It is found that signals of oceanic Kelvint\ws The 5-day average near surface velocity fields
and equatorial Rossby waves are evident in thg 1oy 1° grid are estimated using SSH data from
frequency-wavenumber spectrum of SSH. The sa§gg-2005 satellite altimeter measurements, surface
analysis is also conducted using sea surface tempgfiiq stress, and drifter data.
ature (SST), showing a prominent spectral peak in  gince the OSCAR velocity is not derived from
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measurements, especially near the equator wh&veidman et al. 1999, Lyman et al., 2007).
geostrophic balance does not necessarily hold. Bon- While many previous studies discussed the
jean gnd 'Laggerloef (2002) compared the OSCARcture of~33 day period TIWs, Lyman et al.
velocity with direct me_asurements frc.Jm. TOGA TA_ 2007) recently detailed the structure of TIWs with
buoys for annual and interannual variations, shownégﬂ_day period. The peak around 17 days could po-
t_hat the OSCAR data can_well_ capture these Vall@&htially affect the spectrum at longer periods through
t|ons_ on the equator espec!ally in the eastern Pac'fé?_'rasing. A 33-day spectral peak can be contaminated
In this study, we also examined the subseasonal vayi; 5jiasing only if there is significant power at14
ability of OSCAR velocity. ) days given the sampling is 10 days. Since Lyman
The 5-day average zonal velocity at 10m¢ i (2007) show that power less than 15 days is
from TAO measurements at 10, equator during nearly zero (see their Fig. 14), it is unlikely that the

September 2001-December 2005 is compared WiB_qay peak is significantly influenced by 17-day sig-
the surface zonal velocity from OSCAR (not shown),5is through aliasing.

The results indicate that the OSCAR velocity agrees .

well with TAO data (correlation coefficient=0.66)in- ~ Figure 1b shows the spectrum calculated from
cluding subseasonal velocity fluctuations associat¥§ Same analysis using the TMI SST. While there is
with strong TIW activity such as was observed dupo significant peak near the Kelvin wave dispersion
ing November-December 2001 (Cronin et al. 2005}”\,’6’ a peak %33_ days and WaYe”“mPe*’15°0
and August-September 2004 (Jochum et al. 200%n iS once more evident, suggesting again a spectral
The reasonable agreement suggests that the OSC%Wal associated with TIWs. A similar peak is found

velocity data are suitable for the statistical descriptidf "€ Reynolds SST, showing that significant portion
of TIW structures. of TIW variability can be captured by the weekly SST

analysis (Fig. 1c).
In order to describe the spatial variation of TIW
3. Frequency-wavenumber spectral anal-  tivity, space and time filtering (via spectral trans-
ysis form) centered around the spectral peak (the area of

rectangle in Fig. 1c) is applied to the time series
Wheeler and Kiladis (1999) demonstrated th%rf SSS and SgT Fizgure gz 2b. and 2c show the

yvave_nu_mb e_r -frequency spectral _analys,ls 'S_ useful f\%riance of filtered time series at each location from
identifying signals of atmospheric equatorial wavegSH, TMI SST and Reynolds SST respectively. The

and for isolating their stru.cture. Also, Wavenumt.)efhaximum of SSH fluctuation associated with TIWs
frequency spectral analysis was recently used to 'deQ'found at 5N, 130°'W, while the maximum in the

tify oceanic equatorial waves in numerical model gt signal is found around®, 120'W (Fig. 2a and
periments (Shinoda et al. 2008). In this section, t ). A similar spatial pattern is found in the analysis

same t_echnique used_in Whgeler and Kiladis (_199 Reynolds SST, but the overall amplitude is weaker
is applied to the satellite-derived SSH to examine E%ig 2¢)

identify oceanic equatorial waves.

Figure 1a shows contours of the base 10 log-
arithm of power in the wavenumber-frequency space
calculated using SSH anomalies in the equatorial area ) .
(5°N-5°S) in the Pacific Ocean. Prominent spectr4- Crosscorrelation analysis
signals of the equatorial Kelvin wave are evident,
with their peak corresponding to a phase speed of P8vious observational studies indicate that TIWs are
m/s, consistent with the first baroclinic mode. Alsayenerally associated with strong fluctuations of SST,
in the negative (westward) wavenumber domain,25H and near surface velocity (e.g., Duing et al.
spectral peak close to the dispersion curve of ti®75, Legeckis, 1977, Miller et al. 1985, Kennan and
equatorial Rossby wave is evident. In particular, lament 2000, Polito et al. 2001, Chelton et al, 2003).
peak at a period 0£33 days and wavenumbetl 500 In this section, the phase relationships between SST,
km on the dispersion curves is prominent. These fr8SH and surface velocity are described statistically
guencies and wavenumbers are consistent with thasgng long records based on a cross correlation anal-
associated with TIWs (e.g., Qiao and Weisberg 199Fsis.
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Figure 1. Zonal wavenumber-frequency powdfigure 2: (a) Variance of SSH anomalies filtered at

spectra of SSH anomalies from TOPEX (a), fromperiods 28-41 days and wave lengths 1336-2109 km
SST anomalies from TMI SST (b), and fron(see the rectangle in Fig. 2c) (b) Same as (a) except
Reynolds SST (c). The straight lines indicate 2f8r SST anomalies from TMI. (c) Same as (a) except

m/s and 1.6 m/s phase lines. Curves in the negatfee SST anomalies from Reynolds SST.

wavenumber domain is Rosshy wave dispersions of

first 4 meridonal modes with the same equivalent

depth of 2.8 m/s Kelvin wave. Time series of unfiltered SSH, SST, and sur-
face current anomalies are regressed against space
and time filtered TIW SSH anomalies &tNg 130W



where the amplitude is maximum in Fig. 2a. The
data for the period 1999-2002, during which all data? 7=~
sets are available, are used for the analysis. Figure 3a; 2 &
shows the relationship of these variables using TMI
SST. Maximum SST anomalies are located around?}¥:
2°N, extending to the northeast. Maximum SSH -
anomalies are found aroundN, which corresponds s %7 ;
to the local maximum of SST anomalies around this s sy

latitude. Surface velocity is found to be almost par- e RTme R el
allel to the contour lines of SSH, showing nearl
geostrophic balance. Because the maxir?mm SgHN — Reym_o\ds SST Day O
anomalies are located on the northeast side of thé\}: f:
maximum SST anomalies, northward (southward)
current anomalies are found at the coldest (warmestﬁg vt
anomalies around’d, causing a net meridional heat i\ £::: i 8F; AR
transport. While these SST anomalies are initially ad-%1 37§ ¢ 1t { /i ! ATYAIN T R
yeCtebql_byfve|OC|i:ly ﬂucltua_tior;]s Calt')'sed by bra]-roéropiﬁowses;v T5OW 155W 150W 145W 1 £0W 130 130W 175W 170W 11oW 110W 100 100W G5W 0
instability from the cyclonic shear between the Sout -0z -008  -004 00+ 008 02
Equatorial Current and North Equatorial Countercur-
rent or Equatorial Undercurrent (e.g., Qiao and Weigigure 3: Upper panel: SST (shading), SSH
berg 1998, Contreras 2002, Chelton et al. 2003),(itontour), and surface current (arrows) anomalies
is possible that variation of temperature front may ifegressed onto space and time filtered SSH anomalies
fluence the evolution of TIWs given that the surfacat N, 130C°'W. TMI SST is used for the analysis.
velocity fields are nearly geostrophic balance. The contour interval is 0.2 cm. The solid (dashed)

On the equator, the maximum westward (easggntour indicates positive (negative) values. Thick

ward) currents are found where the zonal gradientﬁ'fro"vS indicate velocities larger than 0.03 m/s.
SST anomalies is positive (negative), correspondi%%wer panel: . Same as the upper panel except
to a strong zonal advection of heat. This resultis coh- ynolds SST is used.

sistent with the analysis of TOGA TAO data (Jochum

et al. 2007). The SSH signal is small on the equas

tor, consistent with previous studies (e.qg., Musma?rgeferenceS

et al. 1989). These features are also evident in the

Reynolds SST, but their amplitude is about 2/3 of thaBonjéan F. and G.S.E. Lagerloef, 2002: Diagnostic
in TMI SST (Fig. 3b). Model and Analysis of the Surface Currents in

the Tropical Pacific Ocean. J. Phys. Oceanogr.,
32, 2938-2954.
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